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AGRICULTURE. 


iculture. From the great interest attached to its operations and 
"v""*'' results, Agriculture, at a very early period, began to 
attract the attention of Mankind. Even in the rudest 
state, wherever the Human Being is found to observe 
the institutions of social life, some care is bestowed on the 
improvement of the soil, and on the preservation of its 
produce. The wandering shepherd, whether ill the wilds 
of Arabia or in those of the Western continent, has some 
favoured spot on which he cultivates the natural grasses, 
and exercises his skill in raising such fruits or herbs as 
may supply to his household a little variety in their 
ineals, or a remedy in their sickness. The maintenance 
of his herbs, too, during the inclemency of the seasons, 
more or less incident to every climate, suggests to him 
the manifold advantages which may he derived from 
adding to the fertility of the soil; anil hence the gradual 
transition from the pursuits of a Pastoral society to the 
more improved habits of the Agriculturist, who enacts 
laws, fixes barriers around the claims of property, and 
establishes the grounds of personal rights. For this 
reason, Ceres, the Goddess of Agriculture among the 
Ancients,’was described as the first legislator, (legifera, 
ecn/<u0o f „w,) and the Poet accordingly tells us, 

Prirmt Ceres unco glei am dimovit amtro, 

Prnna dedit fmrjca id tmen tuque mitia tern's, 

IVirna dedit leges, Cereris sunt ovinia mu tuts. 

Tt is not surprising that the importance of husbandry 
to the comfort and advancement of the Human race 
should have led the Mythologists of the East to ascribe^ 
divine honours to those persons by whom its -various 
processes were originally introduced. We are told that the 
Kings of Persia in former days relinquished, once every 
month, the pomp of sovereignty, and the dainties of the 
Royal table, and partook of the simple fare of the peasant; 
preserving thereby the remembraitec of the primeval 
equality which subsisted among Mankind, and affording 
a sensible token of the high estimation in which Agri¬ 
culture was held by their people. In modern times, a 
practice somewhat similar is said to prevail among the 
Chinese : the monarch every year, at the commencement 
of Spring, divests himself of all the ensigns oflmperial 
dignity, puts his hand to the plough, and, ottering up a 

vot. VI. 


solemn sacrifice, prays for a favourable season and an History, 
abundant crop. The Jews. 

Rural Economy divides itself into two great heads. 

First, the cultivation of the soil for vegetable produc¬ 
tions ; and, secondly, for the rearing of live stock. The 
former is more strictly identified with Agriculture pro¬ 
perly so called, while the latter comprehends the objects 
of the breeder, the dairy-man, the shepherd, and even 
the butcher. But ns the improvement of land, including 
the various Arts by which it is rendered more fertile, 
applies to the one branch as well as to the other, they 
are very naturally considered as constituting one sub¬ 
ject, united by relations which, resting on their first 
principles, extend throughout their minutest details, 

Jt is our intention, therefore, to embrace in the present 
Essay both these departments of rural industry; be¬ 
ginning with a Historical outline of the former us it was 
practised among those ancient nations, whose writings 
are best known to us. 

History of Agriculture. 

Although the Hebrew Tribes were in general devoted Of tlie 
to the pursuits of Agriculture, being by their lleligion 
precluded from commerce with the surrounding Suites, 
we are not supplied with such particulars in regard to 
their practice as might lead us to a just view of their 
system. The vine and the olive, which, on the calca¬ 
reous rocks of Palestine, yielded a plentiful return to the 
cultivator, occupied, it is probable, more attention than 
the corn which grew in the valleys. 'Phis last, watered 
by the streams which (lowed from the neighbouring hills, 
or cherished by the former and the latter ruin, arrived at a 
speedy maturity under the glowing sun of a climate 
approaching to the tropical; and, without the exercise 
of much skill or trouble, filled the barn of the husband- 
man with an increase of thirty or even sixty fold. The 
plain through which the Jordan curries its stream, en¬ 
joyed in some degree the benefit conferred upon Egypt 
by the Nile; being partly covered by the annual inunda¬ 
tion arising from the melting snows of the Syrian moun¬ 
tains. The septennial rest, too, secured for die land by 
the institutes of the Divine Legislator, would contribute 
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in no Miiutl decree to recruit its powers, and tiiercliy 
would supersede, to :i certain extent, the means usually 
employed for reviving; the strength of an evliausted soil. 
Hut it may lie suffuieut tooliserve, that the Literature of 
the Jews, occupied with higher objects, has conveyed to 
us no record of the manner in which they ploughed and 
sowed their fields. Wo find nothing; bovoiid allusions 
to their inral haliits and usages. 'J’he IVophct Isaiah, 
for example, asks, “ Doth the ploughman plough all day 
to sow ? Doth he open and break the clods ot Ilia 
ground? When lie hath made plain the face thereof, 
doth be not cast abroad the fitches, and scatter the cum¬ 
min, and cast in the principal wheat, and the appointed 
barley, and the rye in their place? For his (iod doth 
instruct him to discretion, and dotli teach him. For the 
fitches are not threshed with a threshing instrument, 
neither is a curt-wheel turned about upon the cummin, 
but the fitches are beaten out vvitli a staff, and the cum¬ 
min with a rod. Bread-corn is bruised; because he will 
not ever be threshing it, nor break it witli the wheel of 
his cart, nor bruise it with his horsemen.”* 

It would appear, however, that Agriculture was held 
in high esteem even by their Princes. The Crown-lands 
in the time of King David were managed by seven 
officers; one was over the storehouses, one over Ihe 
work and tillage of the ground, one over the vineyards 
and wine-cellars, one over the olive and oil-stores, and 
sycamore plantations, one over the herds, one over the 
camels and asses, and one over the flocks.t King Uz- 
ziah, too, *’ built towers in the desert, and digged many 
wells; for he had much cattle both in the low country 
and in the plains; husbandmen also and vine-dressers 
in the mountains, and in Carmel, for he loved hus¬ 
bandry.”! We are informed, moreover, that Elijah (bund 
Elisha'in the field with twelve yoke of oxen and himself 
with the twelfth. ■ It is welt known ttiat both oxen and 
asses were used in ploughing ;.but Moses forbade the 
Jews to yoke an ass with an ox; their step or progress 
being different, and their lahours of course unequal. 

In the later period of their history, the Hebrews, like 
alt other nations of long standing, connived at the pos¬ 
session of large landed estates, although one of their 
Prophets denounces a curse against those who joiu house 
to house, and lay field to field, that they may be placed 
alone in the midst of the Earth. In the earlier and more 
simple times, however, it .should seem, that while some 
portion of the land was occupied exclusively by indivi¬ 
duals, the greater part was held in common, or in a 
certain rotation, according to a practice not yet wholly 
extinct in some districts of Great Britain. This view is 
confirmed, not only by the regulations laid down by the 
Jewish Legislator as to herds arid flocks, but also by the 
beautiful story of Ruth, who “ came and gleaned in the 
field after the reapers, and her hap was to light on a 
part of the field—that is, of the common field—belonging 
to Boaz." 

The Agriculture of the Egyptians and Assyrians 
seems to have taken its character from the peculiarities of' 
the country which they respectively occupied. The an¬ 
nual floods which covered their ftmd to a great extent, 
saved the labour of tillage, and superseded the use of 
those instruments which, in other parts of the World, 
were necessary to prepare the soil for receiving the seed. 
The depositions left by the water formed so rich a mould. 


that the exertions of the husbandman were confined to Ilislm 
the structure of dikes, or (lie excavation of subsidiary Assyria] 
canals. Lu Egypt the grain sown in tlie mouth of^®'^j r 
November was generally found ripe about the end of .* " 

M arch ; and during the remainder of tin* season, pulse * 
followed the grain, and the fruits were succeeded by new 
(lowers. In seconding 1 lie liberality of Nature, Man was 
industrious, and the duty of Agriculture was enforced 
by various maxims of Religion. The care of tillage, as 
well as ot all other momentous concerns, was originally 
under the inspection of the Sacerdotal Families, who bad 
of old taught the people how to drain tjie marshes of the 
Delta; the smaller mouths of the Nile long liearing the 
most evident marks of the patient labour vvhfth bad been 
necessary to open and keep them clear. Aristotle 
assures Jiis readers that jdl the interior channels by 
which the river finds its way to the Mediterranean were, 
^ispojro/ijTn, the work of men’s hands.* 

The Euphrates performed nearly the same service to Irrigation 
the plains of Mesopotamia which the Nile rendered to neglected 
the valley of Egypt. The Persians, however, originally ty' 'he Fer- 
aceustomed to a hilly country, viewed with contempt the sl ‘ ins ' 
magnificent works raised by the Assyrians for directing 
the current of the river; and 'the Agricultnre#iud wealth 
of the Country, accordingly, very soon felt into decay. 
Alexander, whose attention was directed to every species Restored by 
of useful industry, repaired the reservoirs and canals, Alexander, 
which he saw to be indispensable in a region where all 
is desert that cannot be duly supplied with moisture, and 
where all is exuberant fertility that can be flooded and 
drained at the proper seasons.! We have already sug¬ 
gested that the great vale of Palestine was probably 
cultivated in a similar manner by its ancient inhabitants; 
and, in confirmation of this opinion, we may quote a 
part of tlie sacred narrative which relates, that “ Lot 
lifted up his eyes, and beheld all the plaiu of Jordan, 
that it was well watered everywhere, before the Lord ' 
destroyed Sodom anil Gomorrah, even as the garden of 
the Lord, like the land of Egypt.”! 

It is not easy to detenniue tire period at which Agri- Of tha 
culture assumed a regular form among the Greeks. Oreeks. 
Before the arrival of Egyptian colonies the cultivation ot 
the ground might occasionally employ the industry of 
scattered families ; blit it is manliest that this valuable 
Art was not considered as an object of general concern 
until a much later period. Cecrops is said to have in¬ 
duced the roving hunter and the no less migratiity keeper 
of flocks to relinquish their unsettled mode of life, and 
to unite in villages under the character of husbandmen. 

Com, wine, and oil rewarded their useful labours ; ami 
these productions being acquired by common exertion, 
were regarded, as well as the land itself, as a common 
properly. When a warlike Tribe sallied from their woods 
and mountains to take possession of a more fertile ter¬ 
ritory, the soldiers, fought and conquered, not for their 
leaders, but for themselves. The fields acquired by Iheir 
united valour were considered the inheritance of all who 
could follow the national banners ; and who, at the end 
of harvest, received their respective shares of the annual 
produce for the maintenance of their several households. 

It is true that the wisdom or valour of u Chief was 
frequently honoured by his Tribe vvitli a valuable allot¬ 
ment of ground set apart, for his particular use. This 
was cultivated, however, not by die hands of his martial 


* xxriii. 24. Ac. f 1 CAron. xxvii. 25. ftc, 
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* Melton/, lib. i. c. 14. Pliu. Hut. A 'at lih. xvui, c. 
f- Anion, lib. vii. e. 22. J Bticm, xiii. 10. 
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Agriculture, associates, who laboured only for the commnnily, but 
s by tlie captives taken in nr, of whom a considerable 
number was always bestowed upon tfie General. 
Traditional Tradition mentions the original production of the 
ducumioh olive, the first culture of the vine, and even the first 
sowing of corn. The first use of mills for grinding is 
also recorded. The preparation of a lasting food from 
milk by converting it into cheese, and the domestication 
of bees for their honey and wax, were said to have been 
made known by Aristams who went from the banks of 
the river Triton in Africa. So important v^s this 
knowledge esteemed by the rude inhabitants of*ancient 
Greece, that in return for it they conferred upon him 
the honour* of being called the son of Apollo, the God of 
Science; the herdsmen and rustic maidens among whom 
he had been educated, were, in like manner, raised in 
imagination to a rank far abbve that of Humafi nature, 
while he himself was at length pronounced to be im¬ 
mortal.* 

It is remarked by Cicero, that Hesiod in his Poem on 
Husbandry makes no mention of manure; but Homer 
expressly speaks of dunging land, us well as of ploughing, 
sowing, reaping com, and mowing grass. The culture 
of the vine, too, was well understood at the same period, 
and the making of wine was carried through tlie several 
Incidental processes with much attention and skill. This is evi- 
■ mi ires by dent from various circumstances mentioned by the 
Homer. Poet, and particularly from the age to which wines were 
kept. Nestor produced some at a sacrifice eleven yean 
old. In tlie Gardens of Alcinous, the vine is a principal 
feature taken by itself, while the olive is found only in 
the orchard with the apple, the pear, the pomegranate, 
and the fig. Pasturage In all Countries has usually 
preceded tillage, and we find, accordingly, that In 'the 
time of Homer, flocks and herds constituted the princi¬ 
pal fund of wealth. Cattle were even the ordinary mea¬ 
sure of value in the exchange of commodities. The 
golden armour of Glaucus r . for example, is described as 
being worth a hundred oxen; the brazen accoutre¬ 
ments of Uiomcd are estimated at nine; the tripod 
which was given os the first prize for wrestling at the 
fiineral of Patroclus was valued at twelve oxen; while 
the female slave, the second prize, was accounted only 
equal to four. When again Eumeeus, in the Orfyssey, 
wished to convey an idea of the opulence of Ulysses, he 
tells, neither of the extent of his lands, nor the quantity 
of his igovablcs, but of his herds and flocks only. 
Commerce, as wc might expetfl to find at that early 
period, was carried On almost entirely by barter. In the 
Iliad, for instance, there is mention made of a supply 
of wine being brought by sea to the .Grecian camp; 
where, says the Poet, it was bought by some with 
brass, by some with iron, by some with hides, by some 
with cattle, and by others with slaves.t. 

Imp!,*- We need scarcely add, that at* period*)) remcHe, the 

meat*, implements of husbandry were extremely' imperfect j 
the plough itself the mast useful of them -all, being 
composed entirely of wood. The Greeks employed in 
the time of Hesiod the invention of sheers for depriving 
the sheep of their wool; having formerly waited the 
season of its annual separation by Nature. Burley was 
the principal produce of their fields, and furnished the 


• Justin, lib. ii. c.6. Plato, dt />J. lib. vi. Pantan. lib. in. c, 
SO. Djod. Sic. lib. iv. c. 83. Pindar. Pgih. V. 

+ Mad, Ub. sir. v.fiM. Ub. ax1ii.v. 70S. Odp. lib. siv. v. 100. 
Iliad lib. vii. *.467, 


ordinary food both of men and <>f horses. The invcn- History, 
tion of mills was unknown, and the grain underwent ThrUreekx 
several tedious operations in order to facilitate thchruis- ' 

ing-of it between two large stones with tlie hand. 

Xenophon has bequeathed to posterity some remarks Dangers of 
on the state of Agriculture in his native Country, lie Northern 
admits that, in most parts of Greece, soil and climate VaUnl^ae- 
did much for the cultivator: but it is not concealedHint, r ' lr ,i, n( , 
amid the ravages of war and sedition, the exertions ot Xenophon. 
Art were hasty and unsystematical. He has, in fact, 

-drawn a very unfavourable picture of the life of a hus¬ 
bandman in two of its largest ami most fruitful Pro¬ 
vinces. It occurs in the description of an entertain¬ 
ment given by the officers of the Cyrcian army, while 
encamped near Colyora, to the ministers of Corylas, 

Prince of Paphlagonia. Among both Greeks and Bar¬ 
barians, as among the Eastern nations at this day, the 
meal was commonly succeeded by dances and panto¬ 
mimes. After one of these movements, performed to 
the sound of the flute by two Thracians as targeted*, 

-some JEnians and Magnetes, people of the Thessalian 
borders, stepped forward, and in the full armour of the 
phalanx exhibited the dance calleS the Carpwan. The 
manner of if, says Xenophon, was this: “ While the 
pantomimic dance was proceeding to the music of the 
flute, one advances as a husbandman. Grounding his 
arms, he sows and drives his oxen, often looking round 
as if in fear. Another approaches as a robber. The hus¬ 
bandman seeing him runs to his arms, and a combat 
ensues. The robber prevails, binds tlie Agriculturist, 
and drives off the cattle. Then the dance is varied ; 
the husbandman is victorious, binds the robber’s hands 
behind him, yokes him with the oxen, and drives oft 
altogether.”* 

In Laconia and Attica, as well as some other parts of less peril- 
Soutbem Greece, the situation of the cultivator was S’ 1 * 'J™ 
unquestionably less unfortunate. It was not at all Jj r ^ cc j!™ 
times necessary for the ploughman to carry arms, while 
he and his cattle were sufficiently protected from at least 
the solitary robber. Yet, if we consider the state of the 
Country nt large, we shall hardly wonder if the notices 
on Agriculture, left by the Greeks of the Republican 
tipies, are not among the most valuable of their writings. 

There is an expression in Hesiod,—whose Poem,-Hesiod’s ro- 
on tlie Work* and Days, is, perhaps, the mostonmplete mark on 
Treatise that has come down to us on the Agriculture I'lo>‘glu»g 
of ancient Greece—which helps to explain a pas¬ 
sage in the Gospel not generally nor sufficiently under¬ 
stood ; “ He that putteth his hand to the plough and illustrates 
looketh back, is not fit for the Kingdom of Heaven.” Scripture. 
Describing the character of a good ploughman, the 
A^rtsan remarks, that he must not let his eye wander 
about, nor be absent in mind, but be careful that he 
may cut a straight furrow, and not sow the same twice.? 

The imperfect instrument called a plough in those days 
required incessant attention, being guided with only one 
hand; and it is not improbable that, in some parts of 
the Country, it was the practice to deposit the seed iu 
the furrow with the other hand, while the process of 
ploughing was going on. In this case a vigilant eye 
would be still more indispensable. 

If there be any deficiency in the writings of ™ OfthaRo- 
Greeks on the subject of Agriculture, there is an ample mans, 
compensation to he found in those of the Romans- * 

* Annh. lib.vi. tub Mi*. 

* ii. 441, 

b2 
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Agriculture, the Work* of Cato, Varro, Virgil, Columella, Pliny, and 
Palladius, we possess all (lie information which might 
be required either to gratify curiosity or to uid the His¬ 
tory of an important Art; and as it has been remarked, 
instead of schemes produced liy a lively imagination, 
which we receive but too frequently from authors of 
genius unacquainted with the practice of Agriculture, 
we have good reason to believe that they deliver in their 
volumes a genuine account of the most approved usages, 
of which they themselves had experienced the utility. 
It is asserted, too, that if in the theory of their profession 
the Roman cultivators were inferior to the Moderns, 
they were greatly superior to our best improvers in 
attention to circumstances, in exactness of execution, 
and in economical management.* 

Causes of In the first Ages of the Commonwealth the lands were 
Roman »u* occupied ami cultivated by the proprietors themselves, 
penonty. mcn acc ,| S t 0 ined to the activity and precision of military 
life; and as this state of things continued four or five 
centuries, it was probably the chief cause of the Agricul¬ 
tural eminence of the Romans. An observation made 
by Pliny confirms this supposition; for he assures us 
that his Countrymen; in early times, ploughed their 
fields with the same diligence that they pitched their 
camps, and sowed their corn with the same care that 
they arranged their armies in the day of battle. After¬ 
wards, when Rome extended her conquests, and ac¬ 
quired large territories, individuals became owners of 
wide domains, the culture of which fell into inferior 
Medo of hands. Such estates were either committed to the 

farming management of responsible servants, who had under 

lanils. them a great number of slaves, or let out to farmers, 
who occupied a portion of the soil on certain conditions 
■ and for a limited period. Generally speaking, the stock 
on the farm belonged to the landlord, and tha cultivator 
received only a specific portion of the produce in return 
for his labour and superintendence. In reference to this 
position, the latter was called politor or polintor, the 
dresser of the soil; while, from being in a kind of co¬ 
partnership with his superior, and receiving a share of 
the produce, he was sometimes denominated partuariu). 
Cato has recorded that, in the best land, the politor 
obtained the ninth basket; in the second kind of land, 
he got the eighth; in the third description he received 
the seventh; and in a still inferior, he was remunerated 
by being allowed to retain the fifth. 

Columella's The Coloni, or farmers properly so called, seem to 
instructions have paid rents for their ground in a manner nearly 
to landlords. g j, n jj ar t 0 that which is observed among ourselves. The 
directions given by Columella to a landlord concerning 
the mode of treating that class of men are curious as 
well as important, and not altogether inapplicable at the 
present day. He ought, says he, to conduct himself 
towards his tenants with gentleness, should show him¬ 
self not difficult to please, and be more solicitous to 
exact culture than rent, because this is less severe, and, 
upon the whole, more advantageous. For when a field 
is carefully cultivated, it for the most part brings profit, 
never loss, except when assaulted by a storm or pillagers. 
Neither should the landlord be very tenacious of his 
right in every thing to which the. farmer is bound, par¬ 
ticularly as to days of payment, and demanding the wood 
and other small things which he is obliged to furnish, the 
care of which is greater trouble than expense to the 
rustics. Nor is every penalty in our power to be exacted, 

— - -— - ... --— -. a.. 

* Dickson, litabandry of the Ancientt, vol. i.p. 16. 


for our ancestors were of opinion that the rigour of the History, 
law is the greatest oppression. On the other hand the The Ko- 
landlord ought not to lie entirely negligent in this n,a " 8 ‘ 
matter; because it is certainly true what Alplieus the 
usurer was wont to say, that “ good debts become bad 
ones by not being called for.’’* 

The servants employed in Roman Agriculture were AgricaHu- 
either freemen or slaves. When the proprietor lived on ral servants, 
the farm and directed its culture, these were, of course, 
tinder his own management; in other cases there was 
an overseer to whom ail the labourers were subordinate. 

This agent was generally a person who had received 

some education, although Columelhf thinks that he 

might transact business very well without* the use of 

letters; and Cornelius Celsus adds, that the illiterate 

bailiff 1 is to be preferred, because he will bring money to 

his. master oflener than his hook, since being ignorant 

of figures, lie will be the less capable to contrive accounts 

and the more afraid to trust others. As far as we can Price of Is- 1 

compare prices in ancient and modern times, it does not lwur - 

appear that Agricultural labour was cheap among the 

Romans, even when they employed the hands of slaves. 

In the days of Cato, the price of a slave was about £50; 
in those of Columella, it had risen to £60 ; being the 
value of eight acres of good land. An eiperl vine¬ 
dresser cost £66. 13s. Ad., and a ploughman about the 
same sum. The interest of money at that period was 
6 per cent.; therefore in estimating the expense of farm- 
labour, the work of a slave, being a perishable com¬ 
modity, ought to be rated at not less than 12 per cent, 
on his purchase money. Hence one who cost £60 
must be charged at £7. 4s. yearly, besides his clothing 
and maintenance.! 

Of all Agricultural operations, the Romans attadicd Ploughing.' 
the greatest importance to ploughing. What, says 
Cato, is the best culture of landV Good ploughing. 

What is the next best? l’loughiug. What is the third? 

The application of manure. Iu the strong loamy soils 
of Italy the maxim of this sage Agriculturist could not 
be applied too extensively, because the richness of such 
land required to be excited into energy rather than to 
have its powers increased. Iu most eases a crop and a 
year’s fallow succeeded each other; although when 
manure could be Obtained, two crops or more were taken 
in succession; and in certain fertile districts described 
by Pliny as favourable for barley, a crop was raised 
every year. Iu fallowing, the lands were first ploughed 
after the crop was removed, generally in August; they 
were again cross-ploughed in Spring, and at least a 
third time before sowing. In other cases, however, 
there were no limits to this operation ; the object being, 
as Theophrastus observes, “ to let the earth feel the 
cold of Winter and the heat of Summer; to invert the 
soil and render it free, light, and clear of weeds,' so that 
it might afford a full supply of nourishment to the 
plants.’’^ . 1 

The Roman authors lay great stress on the use of Manuring, 
proper manure. Pliny reminds Ills readers that in 
Homer an old King is represented as spreading dung on 
his fields with his own hands. Augcus, a personage too 
of Royal station, iS said to have been the first among 
the Greeks who discovered this method of aiding the 

* Columel. lib. i. c. 7. 

4 Ibid. lib. i. c. 8. 

{ Theoph. dt caul. Plant, lib. lii. c. 25. Cato, c. 61. Quid eit 
ogrutn bene catere ? bene arare.' Quid leeundum t arare. Quid 
terlium t itercorare. See also Pliny,.book xviii c. 19, 
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, resources of land. In Italy, where Hercules is reported 
to have divulged the secret, a lasting fame was conferred 
hy his subjects upon King Stercutius for communicating 
the invention to the practical husbandman. Oh this 
head the ancient farmers on the Tiber and the Po had 
the merit of setting an example to future Ages, which 
cannot lie too closely followed. They were so sensible 
of the advantage arising from manuring their grounds, 
that they were most assiduous in collecting every material 
which seemed proper for the purpose. Besides the usual 
resources supplied by the stable and fold, they gathered 
ashes, shrubs, stubble, burned the branches of tree*, and 
even heaped together ditferent kinds of earth. “ You 
may make, immure,” says Cato, “ of lupines, bean-stalks, 
chaff, holm, and oak-leaves. From the corn-fields pull 
out dwarf alder, hemlock, and all the tall grass and 
reeds in the willow plantations,* and lay. them belhw the 
sheep and cows." “ I am not ignorant,” says Colu¬ 
mella, “ that there are some farms in the country on 
which neither the dung of cattle nor of birds is to be 
procured ; and yet, even in such places, he is a slothful 
cultivator who can find no manure. He may collect 
any kind of leaves, the cuttings of briers, and the rakings 
of highways, and mix them with the cleanings of the 
court-yard.”^ 

But the Ancients were not only very diligent in the 
use of every animal and vegetable substance which 
might minister to the improvement of their lands, they 
also, as we are informed by Theophrastus, were wont to 
mix together earths of different qualities, light with 
heavy, fat with lean, and, in short, all those which dis¬ 
played any contrariety in their nature. This mixture, 
lie adds, not only supplies what is wanting In point of 
depth, hut also renders the soil with which another is 
mingled much more powerful ‘ so that what i» worn out. 
being mixed with any fertile kind of earth, begins again 
to carry crops, ns if renewed; and what is naturally bar¬ 
ren, such as clay, is rendered fruitful by the addition of 
ingredients possessing un opposite quality. In fact, this 
mixture, when judiciously made, is considered a com¬ 
plete substitute for manure. The people of Megara, 
besides adopting the process now described, were wont 
to trench their fields every fifth or sixth year; and dig¬ 
ging as deep as the rain is understood to penetrate, they 
brought the bottom of their soil to the top; it being a 
maxim with them that the particles of earth proper for 
the nourishment of plants, are always carried down¬ 
wards as far as the surface water descends.t 

Marl was known lo the earlier authors of Rome, but 
was not used in Italy. It is mentioned by Pliny as occur¬ 
ring in Britain and Haul, and is described by him as 
being like the kernels in animal bodies which arc ener¬ 
vated by fatness. It was employed, he subjoins, as a 
manure by the Greeks, “ for what is there which they 
Jmve not tried ?” Varro relates that, when he marched 
ftn army to the Rhine in Transalpine Gaul, he passed 
through Countries where he saw the fields manured with 
a white fossil clay, which must have been either marl 
or chalk. 

,* Sowing was performed with the hand from a basket, 

L. in modern times'; the hand, as Pliny remarks, moving 
with the step, and always with the right foot. The com 
and leguminous seeds were covered with the plough, 


History. 
The Ro- 


* Cato, c. 37. Plin. Hitt. Hal. lib. xvii. e.9. Culum. lib. ii. 

C. 15. 

+ Coliun. lib, ii. c. 16. Tfaeoph. lib. iii. e. 25. . 


and sometimes so as to rise in drills; the smaller seeds 
were earthed with the hoe and rake. 

Varro mentions three modes of conducting tlie opera- ™ au *' 
tion of reaping, which, in order to avoid the ha/ard 
attending boisterous weather, the best authors recoin- Reaping 
mended to lie done before the crops were fully ripened. 

The first method was to cut close, to the ground with 
hooks; the second was to cut off the ears with a curved 
stick having a saw attached; and the third was to cut 
the stalks in the middle, leaving the lower purt, or 
stubble, to be gathered afterwards. To these modes 
Pliny adds that of pulling up by the roots; and remarks 
generally, that where they cover their houses with straw, 
they cut high to preserve this of as great a length as 
possible, but that where fodder is scarce they cut low 
with the view of securing an addition to their forage. 

A reaping-machine, used ill the plains of Uaul, is dc- Bv Ma- 
scribed by Palladius in the following terms. The Gauls, diinery. 
says he, “ use this quick way of reaping, and without 
reapers cut large fields with one ox in a single day. 

For this purpose a machine is made supported upon 
two wheels; the surface lias boards erected at the side, 
which sloping outwards, make aVider space above. 

The board on the fore part is lower than the others; 

’ upon it there are a great many small teeth, set in a row, 
answering to the height of the corn, and turned upwards 
at the ends.. At the hack part of the machine two short 
shafts are fixed, like the poles of a litter; to these an ox 
is yoked with his head to the machine, and the yoke 
and traces likewise turned the contrary way. When 
this piece of mechanism is pushed through the standing 
corn, all the ears are enclosed by the teeth, and heaped 
up iu the hollow part of it, being cut off from (lie straw 
' which is left behind, the driver selling it higher or lower 
.as he finds it necessary; and thus lay a few goings mid 
returning*, the whole field is reaped. The machine does 
very well in plain smooth lands, and in all places where 
the straw is not considered1)f any value.” A conjectural 
delineation of this instrument is given by La&teyrie, 
in his Work entitled Collection des Machines. (See 
fig. 1.) 

The Romans, says Mr. Loudon, did not bind their Carrying, 
corn into sheaves os is customary in Northern climates. 

When cut it was in general carried directly to the area 
to be thrashed, or if the ears only were cropped, they 
were sent in baskets to the barn. Among the Jews, 
Egyptians, and Greeks, the corn was bound in sheaves; 
or at least some kinds were so treated, as we learn from 
the story of Ruth, who gleaned “ among the sheaves 
from Joseph’s dream in which his ‘‘sheaf ar-'sesnd 
from the harvest represented by Horner on one of the 
compartments of Achilles's shield.* 

Threshing was performed in the area or threshing- Threshing., 
floor, which was a circular piece of ground, fifty or sixty 
feet in diameter, with a smooth, hard surface. The floor, 

.indeed, was generally made of wrought clay mixed with 
the lees of oil, which increased its tenacity ; sometimes 
it was even paved. It was usually selected in the neigh¬ 
bourhood of the nubilarium or barn, in order that, when 
a sudden shower happened during the process of thresh¬ 
ing, the ear* might be removed thither out of the reach 
of damage. The corn being spread over this surface, a 
.foot or two in thickness, was beaten ouf either hv the 
hoofs of cattle, or by dragging over it a machine com¬ 
posed of wood and iron, aud surmounted by a roitsider- 


* Sncj/cloptrdki of Hyricn/turr, j>. 2fi. 
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able weight. Occasionally roils or flails were used for 
the same purpose, while the Indian corn, far, or maize, 
was picked with the hand, or pressed through a small 
mill. 

The produce of the threshing-floor was winnowed or 
purified from the husks and chaff* by being thrown from 
one part of the barn to another across a current of wind. 
The instrument used for this end was a kind of shovel 
called I'f.ntilabrum; and to supply the absence of wind 
it was customary to substitute an implement called van - 
«w», the origin, perhaps, of the modern and much more 
complex machine denominated fanners. 

It is remarkable that, in regard to the practical know¬ 
ledge of Agriculture, the Romans were very little inferior 
to the most intelligent among husbandmen in our own 
days. They were indeed extremely deficient in point of 
Science, being unable to give a reason for their best esta¬ 
blished usages which did not terminate iu simple expe¬ 
rience or accident. They knew nothing of Chemistry or 
Physiology, were unacquainted with the analysis of soils 
or manures, and were especially ignorant of those prin¬ 
ciples in Mechanics which determine the strength of 
materials, and the 'application of force. Again, in ac¬ 
counting for many of the most ordinary phenomena of 
Nature, they had recourse to supernatural and imaginary 
causes. In the rude periods of Society, flood and Evil 
Spirits are supposed to take a concern in every thing ; 
and hence the absurd superstitions of the Egyptians, 
and the equally whimsical ceremonies of the Greeks, to 
procure their favour or avert their malign influence. 
Hesiod, accordingly, considered it of not more impor¬ 
tance to describe what works were to be done, than to 
point out the lucky days for their performance. Homer, 
Aristotle, Theophrastus, and all the Greek authors, are 
more or less tinctured with this belief, so prevalent in 
the darker Ages of remote antiquity. Nor were the 
Romans in this respect less enthralled than the ingenious 
People from whom they bdlrowed the most valuable 
part of their knowledge. The empire of superstition 
extended over -all their undertakings, and none more 
completely than the important pursuits of Agriculture. 
In some cases Imagination seized the reins which 
should never be taken out of the hands of Reason and 
Experience ; and hence both Virgil and Pliny venture 
upon statements in regard to heterogeneous grafting, the 
spontaneous generation and transmutation or plants, the 
influence of lunar days, and the impregnation of 
animals by certain winds, which every Physiologist 
knows to be altogether inconsistent with the laws of 
Nature. 

It is a question of curiosity rather than of Scientific 
importance, to determine how much Agriculture owed 
to the Romans, and to what extent they improved upon 
the usages of the Greeks and Egyptians, As the 
writers of Italy refer in most cases to authors who 
flourished at an earlier period among their neighbours 
beyond the Adriatic, it is probable that the leading 
principles of the Art were borrowed from Greece. But 
there can be no doubt that the progress of the Roman 


contributed immensely to feed the armies and luxurious History, 
citizens of the proud Republic, until at length, by a just Th« Ku- 
retribution, she found herself at the mercy of Use very ” J “ lla ' 
Countries which she hail subdued. Agriculture which ' 

flourished abroad decayed gradually at home. The anti decline 
great men in Rome, trusting to their revenue from tiie 
Provinces, neglected the improvement of their estates in 
Italy; and while their lands became less productive, they 
insisted upon higher rents. The farmer, sinking under * 
broken spirits and a diminishing capital, imitated his 
landlord in idleness and rapacity. The Civil wars which 
ensuAt, the tyranny of the Emperors, and at length the 
removal of the seat of Governmaiit to Constantinople, 
paved the way for the Northern invailcij, nn d conse- 0 f Hum.™ 
quently for the downfai of Agriculture, and of every AgiicuUuic. 
useful or elegant Art. 

In regard to implements for the uses of husbandry, Implc- 
the Romans possessed several, of which ueilher the form mint*, 
nor the purpose is now distinctly known. We find 
mentioned in their Agricultural authors the aratrum, the 
irpex, or urpei, the crate*, the rustrum, the bitten*, the 
tccuri*, the dolabra, the ligo, the pala, the sarcvlum, the 
tnarra. By the first, as every one knows, is meant the 
plough, of which it appears there were varieties utnoug 
the cultivators of ancient Italy. The othef instruments, 
in their order, correspond to a weeder or breaker, a 
harrow, a rake, a toothed hoe, an ifltc or pruning-hook, 
a mattock, a spade, a small shovel, a hand-hoe, a scraper 
or Dutch hoe. In some cases these are only approxi¬ 
mations ; for we find no small difficulty in reconciling 
tiie descriptions of the several authors who have written 
on the rural economy of the Ancients, as well as iu 
comparing the instruments they delineate to the more 
artificial tools of modern times.* 

As the plough is the most important of all Agricul- The 
tural machines, we may be indulged in a few details l ,lull H l1 - 
respecting its form, more especially as Virgil, the Prince 
of Roman Poets, has not disdained to supply us with 
some particulars in regard to its construction., 

Continue m tihi* tnagnd vi flexa domatur 
In bunm, tt curvifornuw i aceipit ulumi aralri, 

Uuic a ttirpr, pnlet, Inna protrnlui, in otto ; 

Hmtr avret, dnpliei aptantur dtntalia dorm. 

Ceeditur et ti/ut ante jugo levit, uttague fagnt, 

Stivagne gnat ettrna a lergo torgueat into « ; 

Et, tntptiua Jodi explorai robvra fumnt. 

Gtor.i. v. 1G9. 

Tilling elms with easy force in copses bow, 

Fit for the figure of the crooked plough. • 

Of eight feet long s fastened Imam prepare: 

On either side the head produce an ear, 

And link a socket for the shining shore. 

Of beech the plough-tail and the bcuding yoke. 

Of sutler linden hardened in the smoke. 

Dry den. 

It is asserted in a Work entitled the Husbandry of the 
Ancient*, that the Romans had all the different kinds of 
ploughs that we have at present in Europe, though 
perhaps not so exactly constructed. “ They had ploughs 
Without mould-boards, and ploughs with mould-boards; 
they had ploughs without coulters, and ploughs with 


arms in Helvetia, Germany, and Britain extended the 
knowledge of tillage among barbarous Tribes by whom 
it was formerly unknown or neglected. The conquerors 
imposed a tribute of corn on the vanquished Provinces, 
which compelled the natives to cultivate the soil. Large 
fleets sailed from the shores of Britain laden with grain 
for the Imperial stores in various parts of their exten¬ 
sive dominions. Egypt, too, with Sicily and Africa, 


• These, aayt life author of the Georgia, are the rural umq 
without which crops can neither he gown nor reaped. 

Queii tine, nee poturre teri, nee mrgere, mate*: 

Pamit, et injtrxi primvm grave robar nratri, 

Tardague Elen! in* Sdatrii votvenlin p/auttru, 

Tribnlague, trahaegur, et ittigm pomlert ratin', 

Pirgce prata-a Celei vi/itgue tup pellet, 

Arbutea crater, el mgitu-a canon* laccht , Ub. i. 164. 



AGRICULTURE. 


7 


Agriculture, coulters ; they had ploughs without wheels, and ploughs 
with wheels; they had broad pointed shares, and 
narrow-pointed shares; they even had what 1 have not 
yet met with amongst the Moderns, shares not only with 
sharp sides and points, but also with high raised cutting 
tops. Were we well acquainted with the construction 
of nil these, perhaps it would be found that the improve¬ 
ments made by the Moderns in this article, are not so 
great as many persons are apt to imagine.” (See fig. 2, 
3, 4.) 

We have already alluded to the superstitions tif/he 
Ancients in respect Unfortunate and unfortunate, and’the 
extent to which those feelings were admitted in the pro¬ 
cesses of Agriculture. This is one instance among 
many wherein we discover a striking contrast between 
the practical good sense of a great People, and their 
speculative absurdity in matters* of belief. Virgif, for 
example, in the very middle of his precepts for sowing, 
planting, manuring, weeding, and reaping, inserts the 
following admonition for the use of the Italian peasants. 


.Pay (iliscr- 
ralious. 


Ipsa dies alio* tUio drilil online Lana 
Felice* oprntm: quintain fltge; pallida* Orem, 
Eumenidesque eater: lam porta Terra nejando 
Ctrumqu* Japetumqur creal, smvmnque Typhoca, 
Et ivnjm-atu* titluin rtscinderc fratre*. 


Srptima pool dreimani felir, et ponrre vitem, 

El prentn* domtlare boors, et licia Met 
Adder* : nona fagi r meltor, c onlraria fariit. 

Gear, i, r. 276 . 


The lucky days in each revolving moon 
For lubour choose; the fifth he sure to shun: 

That gave the Furies uml pale Pluto birth, 

Am! arm'd against the skies the Sons of Earth. 

* * * * 

The seventh is neat the tenth the best to join 
Young oxen to the yoke, and plant the vine. 

The uiuth is good for travel, bad for theft. 

Dryden. 


Omens of Amid the indications of the weather, too, as depending 
weather. upon the aspect of the heavenly bodies, the same delight¬ 
ful author mingles his political regrets and superstitions. 
The beauty of the verge will excuse us in the eye of 
every reader of taste for this coududiag extract from the 
Agricultural Poem of Virgil. 

Sol tibi ngita dabil! SrJcm quit dterre falsam 
AuJnxt f ll/e eham eerros inetnre tumult*** 

Step* manrl, fraudemqur et nprrta tasneserre betta, 
llle eham rxstmrto miseratio Ctesarr Romam / 

Qwtmn'opMl obscserd natrium ferrttgme tent, 

Impifiqur rlernam hmurrant mfcn h* Modem. 

lib. i v, 463. 

The sun reveals the secrets of the sky ; 

Ami who dares give the source of light the lie l 
The change of empires often he declares, 

Fierce tumults, hidden treasons, 0 ]<en wan. 

He first the fate of Cbsht did furetcU, 

And pitied Romo when Home iu Crsar fell; 

In iron clouds concealed the public light. 

And impious mortals feared eternal night. 

Dryden. 

The decline of the R oman power was accompanied with 
the neglect of Agriculture in almost all the Countries which 
Italy. had submitted to the arms of the Commonwealth. Little 
is known of the condition of this Art in ftaly during the 
long period of twelve hundred years, as it was not till 
the beginning of the XiVth century that any Work ap- 
]>eareri on that important branch of industry. About 
tlie era now specified, a Treatise entitled Rurulium 
Commadorum was written by Crescendo, a Senator 
of Bologna, and afterwards published iu 1471, He 


was soon followed by several of his Countrymen, among Ilidorr' 
whom Tatti, Stephnno, Auguslino Gallo, Sansovino Italy 
Lauro, and Torelli, deserve to be mentioned with France, 
plause. From some records, however, which have. 1 "V""*-' 

escaped the ravages of time, it appears that irrigation 
was practised nearly two centuries before the earliest of 
the dates now mentioned. The Monks of ChiaravaUe 
had set' an example in this species of improvement, anil 
had become so celebrated in quality of hydraulic engi¬ 
neers as to be employed by the Emperor Frederic I. 

The volume of Crescentkj is, in great part, a compilation 
from the older Roman authors, such as Cato, Vurro, 
and Pliny; but being illustrated with figures, is valuable 
because it enables us to form some notion of the imple¬ 
ments then in use. The plough is drawn by only one 
ox; but other kinds, which must have been drawn by 
two, and even by four, are described at some length. 

The Political troubles which so long agitated the Hue 
Provinces Southward of the Alps, prevented them from 
profiting by the revival of the Arts in other parts of 
Europe ; and hence, at the present day, although Italy 
can boast of a rich soil and a favourable climate, her 
inhabitants have no where entitled‘themselves to the 
reputation of being good farmers.* 

France, too, overrun by the Northern Barbarians, or Franco, 
by the Tribes of native Germans hardly more civilized, 
was long doomed to witness the decline of that pursuit 
upon the success of which the prosperity of all others is 
more or less suspended. In the Xiltli century, the care 
bestowed by some leading Churchmen upon the produce 
of the soil was rewarded by a considerable melioration 
in the state of the peasantry, as well as in the value of 
lands. Four hundred years later, the first Agricultural 
Work produced in France made its appearance, under 
the title of I*es Moffetts de drrenir riche, composed by 
Bernard de Pallisy, a potter, who is said to have writ¬ 
ten on various other subjects. Under the auspicious 
reign of Henry IV. great exertions were made for the 
improvement of the Country in general, amidst which 
tiie interests of rural economy were not forgotten. Sully 
asserts, in his Memoirs, that, in his time, France 
abounded with corn, grain, pulse, wine, cider, flax, 
hemp, salt, wood, oil, drugs for dyeing, cattle great and 
small, and every thing else, whether necessary or con¬ 
venient for'life, both for home consumption and expor¬ 
tation. 

Great changes for the better were made iu France 
during the last century. Hie celebrated Economists 
created a taste for the Art, and Agricultural Societies were 
every where established under the sanction of the Go¬ 
vernment. Those of Paris, Lyons, Amiens, and Bor¬ 
deaux distinguished themselves by the publication of some 
valuable Memoirs. The name of Buffon, too, gave repu¬ 
tation to this study, and various other writers contributed 
to make it popular. Chaptal informs us that essential 
improvements have been introduced Bince the Revolution. 

Crops of every kind, says he, cover the soil; numerous 
and robust animals are employed in labouring it, and 
they also enrich it by their manure. The country po¬ 
pulation arfe lodged in commodious houses, decently 
clothed, and abundantly nourished with wholesome 
food. We are not however to suppose, he observes, that 
the Agriculture of France has arrived at perfection; 
much still remains to be done; new plans of improve¬ 
ment should he more generally introduced; and a 


* Lovnli.il. ji. 31 . Ilarte, Essays on Husbandry. 
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Agriculture, greater quantity of live stock is wanted for every Pro- 

'—v'"*-' vince, except two or three, which abound in natural 
meadows Few domains have more than half the requi¬ 
site number of labouring cattle ; the necessary conse¬ 
quence of which is a deficiency of labour, of manure, 
and of crop. The only mode of remedying these evils 
is to multiply the artificial pastures, and increase the 
cultivation of plants destined for forage. The rich inha¬ 
bitants of France have already adopted these principles; 
but they have not not yet found their way among the 
lowest class of cultivators. According to M. Dupin, 
four-fifths of the peasantry of France are proprietors of 
laud, which they cultivate themselves; and although 
Knowledge is rapidly advancing, they are still very 
ignorant. It is readily admitted, too, that France is 
still miserably deficient in the better kind of Agricultural 
instruments. 

t G«rmany. As Germany had not shared so extensively as some 
other European Countries in the civilization diffused by 
the Romans, the reaction occasioned by the desolating 
wars of the IVth and Vlh centuries was less deeply felt 
in the Provinces lieyond the Rhine. Accordingly, it is 
not till the beginning of the XVIth century that we can 
discover any symptom of Agricultural advancement 
among the numerous Nations which extend from the 
borders of France to the shores of the llaltic. The 
earliest Work on Husbandry, by a German author, is 
the Treatise De Re Ruitica, by Conradus IlcresbachUts, 
published about the year 1576. It is composed in 
the form of Dialogue, and contains an outline of the 
opinions and precepts delivered by the Ancients, from 
llesiod down to Pliny; being, in fact, an Essay 
compiled from the literary materials of former Ages, 
rather than a Treatise on the A rt ns it npjicared before 
his eyes, or which was meant to improve either its theory 
or practice. 

Britain. In relation to Britain, although it is certain that 

Agriculture was not wholly*unkno\vn before the Roman 
invasion, it is difficult to say when it was first introduced, 
or how for it had then advanced, Bbth the Greeks and 
Phoenicians visited this lulatid long before the Legions 
landed on its shoredwith a view to conquest; but as 
their visits were ofity transient, and for the sake of trade, 
it, i» uncertain whether they took the trouble to instruct 
..• The natives how to cultivate the soil. It is more pro¬ 
bable that the knowledge of this important Art was 
brought hither by some of those Colonies which are 
known to have passed over from the coast of Gaul. 
These emigrants having been employed in Agriculture 
iu their own Country, pursued the same employment in 
their new settlements. This was the opinion of Caesar. 
'* The sea-coasts,” lie observed, “ are inhabited by Colo¬ 
nies from Belgium, which, having established themselves 
in Britain, began to cultivate the land.”* 

Introduc- Agriculture, we rnny therefore presume, was little 

tionof known in this island till about a hundred aiid fifty 

Agriculture. y cars before the beginning of the Christian Era, when 
great multitudes of Celtic Gauls, being expelled from 
their native seats between the Rhine and the Seine by 
the German Befgie, took shelter in the South of Eng- 
Tand, where they formed several small States.. These 
communities received reinforcements from time (o time 
from the same coasts, whose inhabitants were then 
called Bc/gee, and practised husbandry; a way of life 
which they were encouraged to pursue in Britain by the 

* Dc Bell. Gall. lib. v. c. 12. 


fertility of the soil, which produced all kinds of grain in History, 
great plenty and perfection. If we could depend on the Germany, 
testimony of Geoffry of Monmouth, we should be led to 
think that Agriculture had been! greatly prized in this v- *"v~ 
Country several Ages before the period uhovementiom-d, 
for he acquaints us that, by one of the laws of Dunwallo 
Molmutius—who is said to have reigned over all Britain 
about five centuries before the birth of Christ—it was 
declared that the ploughs .of the husbandmen, as well 
as the Temples of the Gods, should be held as sanctu¬ 
aries to such criminals ns fled to them for protection.* 

But this is thought to be only oqc of the many fables 
related by that author, the law to which he alludes lieing 
of a much later date: and upon the Whole the truth 
seems to be that, though Agriculture might he practised 
a little by a few of the more ancient Britons, yet it was 
chiefly introduced by the Belgic Gauls, about a century 
before the first Roman invasion, and almost wholly 
confined to them till after that event. 

Very few of the peculiar practices of the most ancient Early ma- 
British husbandmen are preserved in History. It ap- nutvs. 
pears that they were not uuacquaitiled with the use of 
manures, for renewing and increasing the fertility of 
their grounds; and that, besides thoijp which were 
common to other Countries, they had one peculiar to 
themselves and the Gauls. This was marl, which we Marl, 
have already noticed in the quotation from Pliny. The 
same writer, after describing different kinds of that 
substance, remarks, “ of those which arc esteemed the 
richest, the white ones are most valued, and of these 
there are several species. First, one which hath a most 
sharp and piquant taste; another kind is the white 
chalky marl, much used by silversmiths: ibr this they 
are sometimes obliged to sink shufts one hundred feet 
deep, when they find the vein spreading broader, as in 
other mines. It is this kind of marl which is most used 
in Britain. Its effects are found to continue eighty 
years ; and no man was ever known to have manured 
the same field with this marl twice in his lifetime.”! 

It is highly probable that lime was also employed Lime, 
for‘the same purpose by our remote ancestors, be¬ 
cause we know with certainty that it was so used in 
Gaul, from whence the knowledge of it might easily be 
conveyed. 

The instruments and method of ploughing, sowing, 
and reaping in this Country were no doubt the same as 
among the Gauls from whom they were derived; and 
these probably were not very different from such as 
were used in Italy during the times of which the prac¬ 
tice is so fully described by the Roman writers on 
Agriculture. Diodorus Siculus lias recorded some Diodorus 
remarkable particulars relating to the manner in Siculus, 
which the most ancient British husbandmen preserved 
their grain, after it was reaped, and- prepared it lor 
use. They cut the cars from the stubble, says he, and 
lay them up for preservation in subterraneous caves or 
granaries. From thence they relate that, in very remote 
times, they used to take a certain quantity of these ears 
every day, and having dried and bruised the grains, 
made a kind of food of them for immediate eating ! 

Though these methods were very slovenly and imperfect, 
they were nut peculiar to the old Britons, but were 
practised by other nations, and some vestiges of them 

* Gaulfrid. Mnnum. lib. ii. c. Vi. 

f Hui. JVW. lib. xvii. c. 8. 

{ lib. v. 
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Agriculture. wore remaining not long ago in the Western Isles of 
v-“Scotland.* 

Kncour.ige- As soon as the Romans had attained a firm establish- 
"'w'o ,! "“ n inent in Britain, Agriculture began to be improved and 
extended ; it being an Alt in which that renowned peo¬ 
ple greatly delighted, and which they encouraged in ail 
the Provinces of their Empire. When, according to 
Cato, his Countrymen designed to bestow the highest 
praise on n goal man, they used to say, “ he under¬ 
stands Agriculture well, and is an excellent husband¬ 
man ; for this was esteemed among them the g/catest 
and most honourable character.” As soon, therefore, as 
the soldiers of the Republic had subdued some of the 
British Start's, they endeayoured by various means to 
induce their new subjects to cultivate their lands, in 
order to render their conquer more valuable. 4 n fact, 
the tribute of a certain quantity of corn which they im¬ 
posed on their vassals, compelled the mass of the people 
to apply to Agriculture. The veteran colonists too, 
who were not less expert at guiding the plough than 
wielding the sword, set before the natives an example 
both of the most improved method, and the manifold 
advantages of this branch of industry. In short, the 
Romans byjheir power and policy, and more especially 
by their superior knowledge, so completely reconciled 
the Britons to the cultivation of their lands, that in a 
little time this Island became one of the most plentiful 
Provinces of the Empire, and not only produced a suffi¬ 
cient quantity of corn for the support of its own inhabit¬ 
ants and the Roman troops, but afforded every year a 
very great surplus for exportation. This became an 
object of so great importance that a Heel of ships was 
provided for the particular service of carrying corn from 
Albion to granaries on the opposite coasts, whence it 
was conveyed into Germany mid other Countries (or 
the use of the armies. We are informed by Amniianus 
Marcellitms, that the Emperor Julian having collected 
prodigious quantities of timber from the hanks of the 
Rhine, built a fleet of a hundred ships, larger than 
the common barks, which he sent to Britain, in order to 
bring corn thence. When it arrived, he sent it up 
the Rhine in boats, and furnished the inhabitants of 
those towns and Countries which had been plundered by 
the enemy with a sufficient quantity to support them 
during the Winter, to sow their lands in the Spring, 
and to maintain them till next harvest. - ) - 

We have* sufficient evidence that the knowledge of 
husbandry, and indeed of all the other Arts, entered 
Britain at the South-Eastern comer, and travelled by slow 
and gradual steps towards the North-West; but it is 
difficult to trace the progress of these Arts, or to discover 
how far they had advanced at any given period. With 
regard to Agriculture we are assured by a contem¬ 
porary author, that in the beginning of the Hid Cen¬ 
tury, it had not proceeded further thin the wall of 
Hadrian. In the year 207, when the Emperor Sevcrus 
invaded Caledonia, we are told that the natives “ inha¬ 
bited uncultivated mountains, or desert marshy plains; 
that they had neither walls, towns, nor cultivated lands, 
but that they lived on the flesh and milk of their flocks and 
herds, or what they got by pluuder, or cajched in hunting, 
or on the fruits of trees.” The Micata- and. Caledonians 
having been obliged by Severus to yield up a part of 
their Country to the Romans, that industrious people, in 
the course of the Illd Century, built several towns and 


constructed highways, cm down woods,drained ApWta*. 
marshes, and introduced Agriculture mlo m,. ^ - . 


O’.tscmity- 
ol’ its |iru- 
gross. 


* See Martin, p. 204. 
vor,. vi. 


* lab. xviii. e. 


between the walls, many parts of which arc very feriile 
and fit. for tillage. Although they never formed a ,. v 
large establishment Northward of the wall which joined 
the firths of Forth and Clyde, vet many of them, as well 
as of the Provincial Britons, retired into Caledonia ;,t 
different times, particularly about the end of the Hid 
Century, during the heat of the Diocletian Persecution. 

It is therefore highly probable that these refugees in¬ 
structed the people among whom they settled nut only 
in their Religion, but also in their Arts, and especially 
in that of Agriculture. The name vv hich was given to the 
Caledonians of the Eastern coast by those of the Western, 
was Cruilnick, which signifies corn-eaters, a convincing 
proof that the latter were husbandmen. From other 
filets it is clear that in the beginning of the Vth Century , 

the Scots of the mountains lived p.y tly upon meal; a kind 
of foot! to which they had been absolute strangers about 
two hundred years before, when they were lust startled 
by the appearance of the Roman Eagles under Severus. 

When the Roman power declined in Britain, Agricul- Its decline 
ture with the other Arts of civilized life fell into coinpa- afar (he 
rativc neglect. This was not so much owing, however, * lt,M,ril '* al 
to want of skill in the native husbandmen, as to the fre- Kuiuuds. 
quent incursions of the Saxons, who hud already begun 
to enrich themselves with the plunder of the English; 
and who, together with the Scots and Piets from the North, 
not only destroyed the fruits of their labours, but also dis¬ 
turbed them in the exercise oftheir industry. We need 
not be surprised, therefore, that the posterity of the an¬ 
cient Britons became rather unskilful Agriculturist*, 
ancl thill they thenceforth applied themselves inoie to 
pasturage, than to the culture of an unprotected soil. 

It is clear, notwithstanding, that, even in its most de¬ 
pressed condition, Agricul lute was regarded by them as 
worthy of attention in a H*al point of view, and hence 
was made the object of several characteristic enactments. 

They prohibited, for example, the use of horses, mares, 
or cows in the plough, and restricted the fanner to cer¬ 
tain yokes of oxen. Their implements, it is (rue, were 
very slight and inartificial; for it was regulated by 
statute that no man should undertake to guide a plough 
who could not make one ; and that the driver should liv¬ 
able to make of twisted willows the harness with which 
it was drawn. But simple as these ploughs were, it was 
usual for six or eight persons to form themselves into a 
Society for fitting out 011 c of them mid providing it w ith 
oxen. This is a sufficient proof both of the poverty of 
the class of men who occupied land, and of the veiv 
imperfect state of Agriculture among the Britons at the 
period in question. If any person laid dung upon a 
field, he was allowed by law anil the consent of the pro¬ 
prietor, to use it for one year; ami if the dung was 
conveyed thither on a cart and in a certain quantity, he 
was allowed the use of the field for three years. If any 
man folded his cattle for a whole year upon a piece of 
ground belonging to another, with his consent, he was 
allowed to cultivate that ground for his own benefit 
during the space of four years. All these laws were 
evidently meant for the encouragement of Agriculture, 
by increasing the quantity and improving the quality of 
the arable lands.* 

As the Anglo-Saxons derived their origin ami man- Deq-iscil nt 
ners from the ancient Germans, who depended li>r sub- first by the 

Anglo. 

r_l rL ' Saxons. 

* Ltt/n lla/lictr, ]>. -!W. 
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Apiculture, sixlence chiefly on their flocks and herds, it may be in- 
(erred that they were tint much addicted to Agriculture. 
On the contrary, these haughty warriors esteemed the 
cultivation of the land too ignoble an employment for 
themselve®, and therefore committed it wholly to their 
women and slaves. The Chiefs were even at pains to 
contrive laws to prevent their followers f*otn contracting 
a taste tor Agriculture, lest it should render them less 
fond of arms and of warlike expeditions. Hence we 
may conclude that the Anglo-Saxons at the time of their 
arrival in Britain, were much better warriors than hus¬ 
bandmen ; mid we find, accordingly, that for a con¬ 
siderable period after they completed their settlement, 
their attention was almost exclusively coufined to deeds 
of arms. It was not until they had no longer any 
enemies to plunder, that they found it necessary to 
s devote some portion of their cares to the improvement 
of the land, in order to raise those provisions which it 
was no longer possible to procure by the edge of their 
swords. 

Division of In the division of the Country, those of the leaders 
lauds. who obtained the largest shares are said to have sub¬ 
divided their estates into two parts, which were called 
the inlands and the oullands. The inlands were those 
which lay contiguous to the mansion of their owner, 
which he kept in his own immediate ]K>sses.sion, and 
cultivated by his slaves for the purpose of supplying pro¬ 
visions to his family. The outlonds were such as lay 
at a greater distance from the dwelling of the lord, and 
were let to the ceorls or fanners at a moderate rent, 
Bents which was generally paid in kind. The owners of land 
were not permitted to exact ns high a rent from their 
tenants as they might have obtained by throwing open 
their lands to competition; the severul payments being 
fixed by law, according to the number of hides or plough¬ 
lands of which a farm consisted. The reason of this 
seems to have been that the first ceorls among the 
Anglo-Saxons were freemen and soldiers, who had con¬ 
tributed by their arms to the conquest of the Country, and 
who were therefore entitled to the indulgence just men- 
in produce, tioned. By the Laws oflm, King of the West Saxons, 
who flourished at the beginning of the VUllh Century, 
a farm '.insisting of ten hides or plough-lands was to pay 
the following rent, namely, ten casks of honey ; three 
hundred loaves of bread ; twelve casks of strong ale ; 
thirty casks of small ale; two oxen ; ten wethers j ten 
geese ; twenty bens ; ten cheeses ; one cask of butter; 
five salmon; twenty loads of forage; and one hundred 
eels.* In some places these rents were paid in wheat, 
rye, outs, malt, flour, hogs, sheep, according to the 
nature of the farm or the custom of the country.! 
ia money There is, however, sufficient evidence that money-rents 
were not altogether unknown in England, at this period, 
although the other system prevailed much more exten¬ 
sively. For instance, the greater part of the Crown- 
lands was farmed in that manner by ceorls, who paid a 
certain quantity of provisions for the support of the 
King’s household, according to the nature of the grounds 
which they occupied. “ We have been informed,” says 
the author of the Liber Niger Scaccarii, “ that in 
ancient times our Kings received neither gold nor silver 
front their tenants, but only daily provision for the use 
of their household ; the officers who were appointed to 
manage the King’s lands knew very well what quanti¬ 


ties and what kinds of provisions every tenant was Agriculture, 
obliged to pay. This custom continued even after the v™*”'' 
Conquest, during the whole reign of William 1.; and l 
myself have conversed with several old people who had 
seen the lloyal tenants paying their rents in several 
kinds of provisions at the King’s Court.’”* 

In the ancient History of the Chvrch of Ely , published Prices 
by Dr. Gale, the curious reader will find an account of 
several purchases of land which were, made by iEthel- 
wold, the founder of that church, and by other pious 
benc%tors, in the reign of Edgar, surnained the Peace¬ 
able. By comparing these documents it plainly appears 
that the ordinary price of an acre of the best land in that 
part of England, in the Xth Century, was sixteen Saxon 
pennies, or about four shillings of our moucy; a very 
trifling.Mim indeed, not # only in comparison with the 
prices of land in our times, but even in comparison with 
the prices of other commodities at the same period. 

The insecurity of territorial possessions in that rude evince great 
Age, not only depressed its value; it also necessarily 
led to the neglect of all the proper means for increasing cu i turL ,’ h 
its produce. The frequent famines which afflicted Eng¬ 
land, and'carried off multitudes of the inhabitants in 
those days, afford n further and more melancholy proof ol* 
the wretched state of cultivation. In particular, there 
was so great a scarcity of grain in the year 10-18. that 
a quarter of wheat sold for sixty Saxon pennies, which 
contained as much silver as fifteen of our shillings, and 
were equal to eight or nine pounds of our present cur¬ 
rency; a most extravagant price, which must have in¬ 
volved not only the poor but even those in the middle 
ranks of life in extreme distress. In a word, we have 
sufficient evidence that England, which in the time of 
the Romans was one. of the principal granaries of 
Europe, was so ill cultivated by Hie Anglo Saxons, that, 
in the most favourable seasons, it yielded only a scanty 
provision f.ii iii own nifcui,drills, w Idle, in less pro¬ 
pitious years, it presented a scene of the most deplorable 
scarcity and suffering.! 

When such was the state of Agriculture, we may rest Harness of 
assured that the implements by means of which it was car- implements, 
rjed on were extremely rude and imperfect. The Saxon 
husbandmen performed, indeed, the processes of plough¬ 
ing, sowing, and harrowing, but us all these operations 
were intrusted to slaves who had little interest in their suc¬ 
cess, they were executed in a very slovenly and super¬ 
ficial manner. Their ploughs were very slight, and, like . 
those of Shetland at a recent period, had but one stilt or 
handle. Although water-mills for grinding corn were 
well known to the Visigoths in Spain, and to the Lom¬ 
bards in Italy, the Anglo-Saxons appear to have been 
unacquainted with them during the |>eriod now under 
consideration, and had no better way of converting their 
corn into meal than by grinding it in hand-mills, which 
were turned by women. By the Laws of Kihelbert, 

King of Kent, a severe fine was imposed upon any man 
who should debauch the King’s grinding maid. The Superior 
lands belonging to the Monasteries were by fur the l*st 
cultivated, because the Secular Canons who possessed c 
them spent soiqg part of their time in , improving the 
soil ami tending the progress of their crops, Bede, in 
his life of Eustawiu, the Superior of Wearmouth, tells 
us that this Abbot, being a strong man and of a humble 
disposition, used to assist his Monks in their ruml 


• Hr/iquire Spelmaniantr, p. 12. Wilkins, Leges Saxon, p. 25. * I,i her Niger, lib. i. c. 1. 

t Spelmun, Gloss, v, firma, - f Hist, Britan, a Tbo. Gala adit, p, 471, 
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Agriculture, labours, “ sometimes guiding the plough, sometimes win- 
nowing copi, and sometimes forming instruments of 
husbandry with a hammer on an anvil.”* 

Improve- Things were greatly improved in relation to Agricul- 
ment under tore under the Kings of the Norman race- Immediately 
the Nor- n fter the Conquest, many thousand husbandmen from 
mans. the fertile plains of Flanders and Normandy settled in 
this Island, obtained estates or farms, and employed the 
same methods in the cultivation of them which had proved 
so successful in their native Country. The Clergy, too, 
and especially the Monks, rivalled the Nobility m the 
art of improving the soil. It was in /act so mum the 
custom for the Regulars of this period to assist in the 
labours of tlig field, especially in seed-time, the bay- 
season, and harvest, that the famous h Beckct, even after 
he was Archbishop of Canterbury, used to sally out with 
the inmates of the Convents near which he happened to 
reside, and take part with them in all the rural occupa¬ 
tions of'Spring, Summer, and Autumn. The XXIXth 
Canon of the General Council of Latcran, held in 
1179, affords a further proof that the protection and 
encouragement of all concerned in Agriculture were 
objects of attention to the Church. It is thereby 
decreed, that “ ail presbyters, clerks, monks, converts, 
pilgrims, mul"peasants, when they are engaged in the 
labours of husbandry, shall, together with the cattle in 
their ploughs, and the seed which they carry into the 
field, enjoy perfect security; and that all who molest or 
interrupt them, if they do not desist when they have been 
admonished, shall be excommunicated.”f 
Similarity The implements of husbandry were of the same kind, 
of nnple- j„ t[ji s p,> r iod, with those which are employed at pre- 
E ” i ‘ s s senl, though some of them were much less perfect in 
their construction. The plough, for example, had but 
one handle or stilt, as It is called, which the ploughman 
guided with one hand, while in the other he held an in¬ 
strument both for cleaning the share and breaking the 
clods. The Norman plough had two wheels, ami in the 
light soil, for which it was constructed, was commonly 
drawn by one or at most two oxen: but in England, 
as the land is generally more heavy and tenacious, 
a greater number of cattle was necessary. Their carts, 
barrows, scythes, sickles, and flails appear, from the 
figures of them still remaining, to have been nearly of 
the same form as those which arc now uscd.J 
anil of pro- Although the various processes of husbandry are in- 
ci’sjcs to cidcntally mentioned by the Writers of that period, it is 
t! O'.e in nevertheless very difficult to collect from them a distinct 
modern use, aecount „j- the manner iu which these operations were 
performed. Marl seems to have been the chief manure 
iu the abseucc of dung. Summer fallowing of lands 
designed for wheat appears to have alrcudy become a 
common practice of the Anglo-Norman farmers; for 
Giraldus Cambrensis, in bis description of Wales, takes 
notice of it as a great singularity in the husbandmen of 
that Country, ‘"that they ploughed their lands only once 
a year, in March or April, in order to sow them with 
osls ; but did not like other farmers plough them twice 
in the Summer and once in Winter, in order to prepare 
them for wheat.” In Mr. Strutt’s very curjous and 
valuable Work, we see the figures of several persons en¬ 
gaged in mowing, reading, threshing, and winnowing; 

* 'Wilkins, Lrget Saxon, p. 3. Bed® Hitt. Ahbat. Hcremut, 
p. 29H. 

f Chrnn. Germ*, nil. 1 ICO anil H5fi. 

t Strutt, f’levt of the A/annert, 4‘C. vol. ii. jh 13, vol. l.pl. Wcvj. 
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in all which operations there appears to be little that is AgricuW 
singular or at all diilercnt from modern practice . h , - 

The state of Agriculture iu Scot land at the same period RaCT 
must have been very imperfect; for in a Parliament UeUl of 
at Scone by Alexander II., in the year 1214, it was i; ,_ 
acled that such farmers as had four oxen or tows o V l! in j. m 
upwards, should labour their lands by tilling them with " " " 

a plough, and Should begin to till fifteen days bel'uic 
Candlemas; and that such farmers as had not so many 
as four oxen, as they could not labour their lands by 
tilling, should delve so much with hand and loot ns 
would produce a sufficient quantity of corn to supply 
themselves and their families. But this law was pro¬ 
bably meant for the Highlands and‘most uncultivated 
parts of tbe Kingdom ; for, in the same Parliament, a 
very severe law was made against those farmers who did 
not extirpate a pernicious weed called guilde out of their 
lands; a regulation which seems to indicate a more - 

advanced state of rural economy. 

The next three Centuries present such an alternation Progress 
of high and low prices, of famines and of excessive till the 
plentifulness, that wc cannot arrive at any just conelu- ,h CeB ” 
sion as to the ordinary state of Agriculture. But (here lur) ‘ 
is reason to believe that, although the progress was slow 
and frequently interrupted by war and domestic broils, 
there was, on the whole, a considerable advancement. 

Tbe importance of having the fields enclosed had been 
very generally admitted. Even “ the feeding lands,” 
says Sir John Fortescuc, “ are likewise surrounded with 
hedgerows and ditches, planted with trees, which pro¬ 
tect tbe flocks and herds from bleak winds, and sultry 
beats.”* Sununer-fallowing for wheat was practised 
in the XHIth Century as much if not more than 
it is at present. It was then a kind of rule among 
farmers to have one-third of their arable lauds in tallow. 

In the law book called Fit (a, composed in the reign of 
Edward I., very particular directions arc given ns to the 
most proper time and best* manner of ploughing and 
dressing (allows. The farmer is there insti tided to plough 
no deeper iu Summer thau is necessary for destroying 
the weeds; not to lay on his manure till a little before 
the last ploughing, which is to be done with a deep and 
narrow furrow, llulcs are also given for changing and 
choosing seed ; for proportioning the quantity ofdillcretit 
kinds to be sown on an acre, according to the nature of 
the soil and the degree of richness ; tor collecting and 
compounding manures, and accommodating them to the 
ground on w inch they are to be laid; for determining 
the particular times in the course of the year best suited 
for sowing the several descriptions of grain ; and, in a 
word, for performing every operation in husbandry, at 
the best time and in the best manner. In the same Trea¬ 
tise the duties of the steward, of the bailiff, and ofthe over¬ 
seer of a manor, and of all the other persons concerned 
in the cultivation of it, arc explained at full length, and 
with so much good sense that, if they were well per¬ 
formed, the manor could not be ill cultivated.! 

From the middle of the XIVth till towards the end Ihsti.ict.oas 
of the XVtli Century, the unsettled state of the King-[“[‘"h.ite 
dom was extremely unfavourable to the interests <>f,,[ t i.,ii 
Agriculture. The unhappy rustics were not permitted [euuU. 
to pursue their toils ill peace, but were liable every mo 
ment to be called from the plough into the field of bit- 
tie, by a Royal Proclamation or by the mandates ui tlieir 

* De Lamfi/ws Leynm A/ip/icr, c. J4. 

f P’/efa, lib. ii, c.T'L 7$. 
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Agriculture, own arbitrary lords. Such multitudes of this most use- 
fill order of men actually fell in the course of war, that 
hands were wanting for the necessary operations of hus¬ 
bandry ; a circumstance which led, by very natural 
steps, to the high price of labour characteristic of the 
period now under consideration. Many laws were made 
to reduce wages, to compel persons to assist in the cul¬ 
tivation of the laud, and to restrain them from following 
other occupations. In one of these Statutes it is said 
that Noblemen and others were greatly distressed for 
want of farm servants ; aud therefore it was enacted that 
“ whoever had been employed at the plough or cart, or 
any other husbandry work, till he was twelve years of 
age, should be compelled to continue in that employ¬ 
ment during life; and Unit none who had not lands or 
rents of the value of twenty shillings a year, should bo 
> permitted to put any of their sons apprentices to any 

€ other trade, but should bring them all up to hus¬ 

bandry. 1 '* 

Extension These severe laws, while they prove the existence of 
of pastures, the evil, arc k novvn to have supplied a very inadequate re¬ 
medy. The scarcity of labourers still continued, and even 
increased to so greaf a degree as to produce a considerable 
change in the application and value of landed property. 
The Barons, Prelates, and other extensive owners kept 
large tracts round their castles, called their demesnes, 
which were cultivated cither by their villains, or by hired 
servants under the direction of bailiffs. But these land¬ 
holders having diminished the number of their retainers 
by a succession of wars, and not being uble to obtain 
the assistance of Agricultural labour on reasonable 
terms, resolved to enclose their lands and convert them 
into pasture-grounds. This practice became very general 
about the end of the XIVth Century, and occasioned 
very loud clamour on the part of those who mistook the 
effect of depopulation for its cause. 

Invectives John llous of Warwick was a most violent declaitner 
against en- against the Nobility and Gentry who enclosed their lands; 
closures. !V tid a considerable part of his History of England con¬ 
sists of the most bitter invectives against them on that 
account. He calls them depopulators, destroyers of vil¬ 
lages, robbers, tyrants, basilisks, enemies to God and 
man ; assuring them at tile same time that tlicy would 
all go to the devil when they died. This zealous op- 
poser of abuses tells us that he presented a petition 
against them to the Parliament which met at Coventry 
in the year 1459, without obtaining a favourable hear¬ 
ing, anil that several petitions to succeeding Parliaments 
were equally unsuccessful. But although this innova¬ 
tion in the manner of using land was introduced at first 
by the scarcity of labourers, it cannot be denied that the 
humour of enclosing arable lands for pasture was at 
length carried much too far; aud we find, accordingly, 
that Parliament, at a somewhat later period, deemed it 
expedient to interpose its authority for the purpose of 
checking the progress of an evil which threatened the 
most alarming muscqucnccs.t 

First restric- It is remarkable that at the epoch in question, al¬ 
ii ve corn- though corn was sometimes very dear, it was also 
d occasionally very cheap. In 1455, wheat was sold in 

1463 ccrl!l ’ M pluses so low as one shilling the quarter. But this 

' cheapness, it has been asserted, was not so much owing 
to any improvements in husbandry, as to an extraordinary 
importation of wheat from the Continent in order to 


closures, 


First rcstri'V 
live cum- 
Uir. 

A. D. 

1463. 


procure a supply of English wool. To prevent such ex- Agriculture, 
cessive inlluxes, which threatened the ruin of the farmer 
and excited the most violent, complaints, a law was 
passed, in the year 1463, by which it was provided that 
no grain of any kind should be imported when wheat 
was below 6*. 8d., rye under 4*., and barley under 3s. 
the quarter. These were then considered such high 
prices as to call for a supply from foreign parts.* 

But the great decrease in the value of land nt this Continm-il ■' 
period is the strongest proof of tile decline of Agricul- decline uf 
ture* In the reign of Edward III., there arc sonic ex- 
ainplfs of land being sold at twenty-live years’ purchase, Kn^luml, 
which, it is probable, was not mucl? above the common 
price; whereas in the time of Edward IV»., there is the 
fullest evidence that land had lullen to a value of less 
than one half. And if Agriculture declined in Eng- in Scotland, 
laud ifi those days, it vvfls still more neglected in Scot¬ 
land, os the latter Country suffered even more, in pro¬ 
portion to its wealth and population, by long and ruinous 
wars. The low slate of this important Art is manifest 
from the laws which were made for its improvement. 

By one of these, passed in 1424, it is enacted that, “ ilk 
man of simple estate, that sould be of ressouu labourers, 
have either half an ox in the plcuh, or else delve ilk day 
vii liite of length and vii on breadth." Another law, in 
1457, is thus expressed : “ Anent the sawing of qulirit, 
peis, ami beinis, it is sene speidful, that ilk man we ml 
with a pleug of viii oxen, shall saw at the least ilk year, 
ane firlot ofquheit, half a firlot of peis, and forty bcins, 
under the pane of x shillings to the haroune of that land 
that he dwells in. And gill’ the haroune saws not the 
said corn in his domuiuis, lie shall pay to the King v 
shilliugs.”t 

The I'eace which followed the union of the Roses 
under the family of Tudor was fnvoii ruble to many of 
the Arts,and laid the foundations of that improvement 
which has advanced with little interruption until the pre¬ 
sent day. But Agriculture did not share in the general 
benefit. The practice of converting arable land into 
pasture still continued during the reign of Henry VII. 
Enclosures were multiplied, demesne lands were ex¬ 
tended, till the farms of most of the husbandmen were 
appropriated to the feeding of sheep ; the houses were 
demolished or allowed to fall into ruins, while a few 
shepherds supplanted the yeomen, and occupied in some 
Counties the largest estates with their increasing flocks. 

But the cause most detrimental to Agriculture may be False policy 
discovered in the restrictions attending the exportation of ( ,f cxclu- 
grain, and the large demand for English wool on the sire cn- 
Coutinent. At a former period the exportation of corn had couiage- 
in certain circumstances been permitted, and its i in porta- txade ° 
tion regulated by different Stntutes; but by these restric¬ 
tions a discretionary power to dispense with their main 
provisions was committed to the King, and there is reason 
to believe that the prerogative was seldom exerted unless 
for the encouragement of private monopolies, or for 
giving strength to pernicious restraints. It is true that 
a law war. pasted nt nn early stage of this Monarch’s 
government, for the future support of those houses of 
husbandry to which, within three years, twenty acres of 
land had been Annexed, and enforced by a penalty of 
half the rent until the grounds should be again occupied 
aud the dwellings rebuilt. But it w'as not until iL be¬ 
come more profitable to raise corn than to feed sheep, 


'* Statute* ? Henry If'. cli xvii. 
f J. Iluui*, Hitt. Any. p. 30.120. 


* Stow, p. 398. Statute* 3 Edward //' clu ii. 
-J- Utach A r t* t fol: 7.. 
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Agriculture, that the plains of England were restored once more to 
s—tillage. The immense flocks of twenty thousand mid 
upwards, which by a Statute of Henry VIII. were pro¬ 
nounced illegal, gradually gave way before the dominion 
of the plough, so soon as the manufacturers of the 
Netherlands were compelled or induced to remove their 
establishments to Britain.* 

The reign of Henry VIII. is distinguished for the 
first native Work on Agriculture published in England. 
We allude to the Book of Husbandry, written by Shr A. 
Fitzherbert, one of the Judges of the Common Pleas, 
Yl532. ar >d highly esteemed even at the present day, as wefl for 
the judicious observations which it contains, as for the 
literal spirit wish, which it is animated. He recommends 
draining, clearing, and enclosing a farm, and gives many 
good directions for enriching the soil. Lime, marl, aud 
tallowing are strongly urged. Tfte landlords are arfvised 
to grant leases to those fanners who will engage to sur¬ 
round their farms and divide them by hedges into pro¬ 
per enclosures ; by which operation, he says, “ if an acre 
of laud be worth sixpence before it is enclosed, it will be 
worth cighlpence when it is enclosed, by reason of the 
(iru'litrcs a compost and dunging of the cattle." From thenppear- 
iwivdl. since of this book the revival of rural industry in England 
maybe dated. Fitzhcrbert’s remarks on live stock are ex¬ 
cellent, and said to be entirely applicable to the business 
of grazing in our ow n times. '* An housbandecan not 
well thrive by bis come without he have other catted, nor 
by his eattell without cornc. And bycauscthat shepc in 
iny ne opynyon is the nuiostc profytablest eattell that any 
man can have, therefore I purpose to spcalte fyrst of 
sliope." After recording various precepts for “ quyck- 
sittinge, dychingc, and hedgeying.” and “ for a jonge 
gentleman that intcndetli to thrive,” he gives a “ pro¬ 
bative for the wy\es occupation.” “ She must first 
make herself and himself somme clothes; and she may 
have the lockes of the shepc eythcr to muke blanketts 
and eourlettes or bothe.” “ It is a wyves occupation to 
winnowe all matter of cornea, to make malte, to w asheand 
wrynge, to muke Iteye, shore corue, and in time of node 
to help her husbande to fill the mtickc wnyne or dotinge 
cait, dryve the ploughe, to loode he)e, corne and such 
other; and to go or ryde to the market to sell butter, 
elicse, tnylke, egges, chckyns, capons, hcuncs, pygges, 
gese. and all tnaner of comes.” 

His nookn/ This Treatise was followed by another entitled 
m rri/itifj, Q f y le Suntpying of Lands, which has likewise added 
a. n. considerably to our knowledge of rural affairs at that 
period. lie takes occasion to mention the different 
kinds of commons that were then recognised ; de¬ 
scribes the sundry species of mills which were Used for 
grinding corn, including also the “ quernes that go 
with the hand;” delineates the various orders of 
tenants down to bondmen, who in some parts of the 
Country were not yet extinct; and he concludes his 
Treatise with an inquiry how to make a township that is 
worth twenty marks a year worth twenty pounds. Ilis 
views nuiy be learned from the following extract. 

“It is undoubted that to every townshyppe that, 
standeth in tillage in the playne country, there be enable 
lands to plowe and sowe, ntid leysc to tye or tedder 
tbeyr horses and marcs upon, and common pasture to 
kepc and pasture theyr catell, beestes, and shepe upon ; 
and also they have medowe grounde to get theyr hey 
upon. Than to let it be knonc bow many acres of 

* Henry, vol. xii. p. 258. 
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errable landc every man hath in tyUuge, and of the same Agriculture, 
ueres in every felde tochauuge with bis nevahlxinrs, and • r- — ■* 
to lc)e them toguyther, and to make hvnt otic several! 
close in every feld for his errable lands ; ami his k>\se 
in every felde to laye them togythcr in one felde, ami to 
make one several close tor them all. And also another 
severall close for his portion of his common pasture, and 
also his portion of his medowe in a several close by it- 
selfe, and all kept in severall bothc in wyntcr and snincr; 
and every cottager shall have bis portion assigned hytn 
accordynge to bis rente, mid then shall nut the ryche man 
overpresse the poore man with his eattell; and every 
man may cate his owne close at his pleasure. And un¬ 
doubted, that heye and strawe that will find one beeste 
in the house will find two beestes in the close, and belter 
they shall lyke. For those hcestes in the house have 
short ticare and thynne, and towards March they will 
pylle and be bare ; and therefore they may nat abvde 
in the fylde before the teerdtneu in wvnter tjinc for 
colde. And those that lye in a close under a heydge 
liqve longe heare and tliyck, and they will never pylle 
nor he hare ; and by this reason the jjusbandc may kepe 
twyse as many catell as he did before. 

“ This is the cause of this approvment. Nowe every 
husbande hatii six several! doses, whereof iii he for 
corne, the fotirthe for his leysc, the fiflhe for his corn- 
men pastures, and the siste for his Iteye; and in wvnter 
tyine there is but one occupied with come, and than hath 
the husbande other fyve to occupy till Lente come, and 
that he hath his fallowe felde, bis leye felde. and his 
pasture felde all somnter. And when he bathe niowen 
his medowe, than he hath his medmve grounde, soo that 
if he hath any we)ke catell (hat wold te amended, or 
dyvers maner of catell, he may put them in any close he 
wyll, the whych is a grete advantage ; and if all shnlde 
l)e common, than wolde the edyche of the corne feldes, 
and the undermath of all tb* inedowes be eaten in x or 
xii dayes. 'And the ryche man that hath moche catell 
wold have the at!vantage, and the poore man can have 
no helpc nor relefe in wynter when he iiati^noste ttedc; 
and if an acre of landc be vvorthe sixe pens, or it he en¬ 
closed, it will be worth viii pens whan it is enclosed, by 
reason of the eompostying and dongying of the catell 
that shall go and lye upon it bothe dave and nyglitc ; 
and if any of his thre closes that he hath for his corne 
be worne or ware bare, than he may brake and plowe up 
his close that he had for his leysc, or the close that he 
had for his cotninen pasture, or bothe, aud sowe them 
with corne, and let the other leye for a tyine, and so 
shall lie have always reNh grounde, the whych vvvll 
bonre moche corne with lytel dongc; and also he shall 
have a grate profyte of the wod in the heydges whan : t 
is growen ; and not only these profyles and advantages 
before said, but he shall save moche more than all these, 
for by reason of these closes lie shall save mete, drinke, 
and wages of a shepelteerde, the wages of the heerdman, 
and the wages of the swincherde, the whych may lor 
tune to be as chargeable as all his ltolle rent; and also 
his corue shall be better saved from catinge or destroy¬ 
ing^ with catell. For doubt ve nat but heerdinen with 
their catell, shepeherdcs with their shepe, and tiong of 
horses and mares, destroyeth moche come, the w huh the 
heydges wold saue. Peradventure some men wo'd >-iy 
that this shtild be againste the cointnen weak*. Ineaitse 
the shepeherdes, heerdmen, and swvneht'rdcs sliuM tlicn 
be pul out of wages. To that it may be answered, 
though these occupations be not used, there be as many 
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Agriculture. new occupations that were not used before; as getting 
of quicksettes, dyching, heydging, and plashing, the 
whych the same men may use and occupy." 

It will he enough to mention the Five Hundred 
Tusaer. Points of Husbandry, by Tusser, published in the year 

Ci-uge. 1562 ; the IF hole Art of Husbandry, by Googe, which 

appeared about sixteen years later ; the Jrusrll House of 
Sir Hugh Art and "Nature, by Sir Hugh Platt, and several other 

” Ullt ‘ performances of a similar nature, the object of which was 

to enlighten the farmers of the XVIth Century. But 
the attention of the reader ought to be more particularly 
Sir R. VVes- drawn to a Treatise by Sir Ilichard Weston, on the Hm- 
tua. ban dry <f Brabant and Flanders, for in it may be de¬ 

tected the seeds of the numerous improvements which 
hat e since been effected in this Country. Western was Am¬ 
bassador from England to the Elector Palatine and King 
of Bohemia ; and during bis residence on the Continent 
lie became acquainted with the use of clover and pro- 
bubly also of turnips, as a valuable species of food for 
cattle. His directions for the cultivation of the former, 
though objectionable iti some points, are yet so good as 
to prove that lhey r tnnst have been derived from expe¬ 
rience. It thrives best, he alleges, “ when you sow it on 
the worst and barreuest ground, such as the worst of our 
heath-land here iu England. The ground is to be pared 
and burnt, and tinslacked lime must be added to the 
ashes. It is next to be well ploughed and harrowed, 
and about ten pounds of clover seed must be sown upon 
an acre, in April or the end of March. If you intend 
to preserve seed, then the second crop must be let stand 
till it come to a full and dead ripeness; and you shall 
have at the least five bushels per acre. Being once sown 
it will last five years; and then, being ploughed, it will 
yield two or three years together, rich crops of wheat, 
and after (hat a crop of grass, with which clover seed is 
to be sown again." 

To Blythe, who published in the time of the Com¬ 
monwealth, is due the first hint of a rotation in crops, 
or at least of the advantage which may be derived from 
alternating (Mover and turnip with corn on the same 
field. All the manures now in use were well known in 
hi', days, especially lime, on which he set a great value 
as an ingredient of fertility. A great improvement had 
likewise taken place in the implements of husbandry. 
A machine is mentioned which ploughed, harrowed, 
anil sowed at the same time. The following note will 
amuse the curious reader. “ It is not many years since 
the famous city of London petitioned the Parliament of 
England against two nuisances or offensive commodities 
which were likely to come into great use and esteem; and 
that, was Newcastle coal in regard of their stench, and 
hops in regard they would spoyle the taste of drink and 
endanger the people.” 

The names of Hartlib, Markham, Mascall, Ray, and 
Bvelyn, Evelyn are familiar to every reader on Agriculture, or 
on rural economy at lnrge. The Sy/va and Terra, of 
the last of these authors, still retain a merited reputation. 
In fact, the improvement which took place in the 
management of land in this Country, from the reign of 
James II. down to the middle of the last Century, was 
not very great ; ami lienee the writers on husbandry 
between the period of the Revolution and the accession 
of George 111. are not, generally speaking, superior to 
those who published nearly a hundred years be tore 
them. The chief exception to this remark applies to 
jetlunTull. Jethro Tull, a gentleman of Berkshire, who introduced 
the practice of drilling wheat and other crops, about the 
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year 1701, and wife, thirty years afterwards, put forth a Agriculture 
book on Horse-hoeing Husbandry. From an unhappy v“•*-' 

tone in his manner of writing, as well as from an undue 
degree of opposition to the usages of his day, his Work 
made less impression than it ought to have produced iu 
an Agricultural Country. Hence it was not until 1780 
that the present method of drilling and horse-hoeing 
turnips was admitted into Northumberland ; at which 
time it was borrowed from Scotland, where the farmers 
had‘the merit of first adopting Tull’s management of 
this* valuable root, and whence it made its way but 
slowly into the more Southern parts of the Island. \ 

In regard to the Agriculture of ^Vorth Britain, it has Agrici-’ ' 
been suspected that the accession of Jwmes I to the lure n? 
English Crown was unpropitious to it in the first in- s '-' utld:uJ 
stauce, not only because many of the Nobility billowed 
their Sovereign, and vtfere thereby led to u.'gKct tln ir 
native soil, but also because the increased vxpiuditiuc 
of the landlords in a more wealthy Country give rise to 
various exactions on the poor tenants. The resilient, 
of Cromwell’s army, however, Northward of the T-, ■*■<!, uiL-rilm 
during several years of the Protectorate, did moi< than iotect, .- 
eountcrbalance the evils arising from the absence of a ull ‘ - 
Court. The soldiers, being chiefly English yeomen, 
were necessarily well acquainted with the practice of 
husbandry; and, like the Romans of old, they showed 
themselves ready to enlighten the people whom they 
had subdued. Hence it has been remarked that the 
low country districts were, at the eve of the Restoration, 
in a higher state ol improvement than they had attained 
since the death of Alexander 1IL In the Counties of Dyrlimw 
Lanark, Renfrew, Ayr, and Kirkcudbright, the rents of , ‘ I,L1 1,1 " 
various estates were higher than they were seventy 
years afterwards ; a fact which may be accounted for by 
a reference to the disturlied condition of the Kingdom 
under the last two Monarchs of the Stuart dynasty. 

A succession of bad seasons immediately alter the IIevo¬ 
lution, increased the distress of the Scottish farmer, which 
was still further aggravated by the insurrections of 1715 ("■ailn.illy 
and 1745. After the lart of these attempts to restore j;!)-. 
the exiled family had exhausted the zeal and- menus of 
the Jacobites, the Government of the Country was con¬ 
solidated, and the sources of her improvement again 
opened up. Since that period the husbandry of Scot¬ 
land has advanced regulnrly and steadily, so as now * > 
bear comparison, loral circumstances considered, v itli 
that of any Nation in Europe. Since thivyenr 17S9 iu 
particular, when the contest with our American Colonies 
was terminated, the interests of Agriculture have been 
promoted with astonishing success; and while the rent- 
rolls of proprietors have been doubled, tripled, and even 
quadrupled, the condition of the tenants and of the 
peasantry in general has been meliorated in a corre¬ 
sponding degree. , . 

Wc believe the first Association for the improvement Agocii.- 
of rural affairs was formed in Scotland in the year ^n 0l 'j s ' su ’ 
1723; at which time a number of landholder < con¬ 
stituted themselves into a Body, under the tit 1 of the 
Society of Improvers in the Knowledge of Agriculture. 

The Select Transactions of this fraternity were published 
in 1743, and exhibit au accurate acquaintance with the 
best inodes of conducting the various processes of farm¬ 
ing at that time pursued in the most enlightened parts 
of Europe. This example was followed, at a more 
recent date, by the Balk and West of England Society, 
and by the Highland Society of Scotland, The 
National Board of Agriculture derived its origin from 
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. Apriniliure. similar views: but B« such Institutions are usually belter 
conducted by the voluntary labours of individuals than 
by the official Members of Government, the Crown has 
for some time withdrawn its patronage. The same 
object is perhaps equally well accomplished by the 
general circulation of knowledge through the medium 
ami jml'U- of the Press. The numerous Farmers' Magazines and 
• cations. Agricultural Journals , while they attest the interest 
which is taken in this important pursuit, make known 
over the whole Empire the result of every experiment; 
for, it is vrorthy of remark that, in this branch of indus¬ 
try, there are neither secrets nor privileged discoverers ; 
every one communicating to another whatever new views 
" accident or resonrch may have brought to light. 

Hi-rent \YY shall conclude this Historical sketch with an ex- 

, tru't irom a communication to the Quarterly Journal 
tnu'milic of Asneuhnre, relative to the freent condition of’hus- 
* „>.i! uiiituf bawdry on t!ie Continent of Europe. The atilhor, Mr. 
tu:< i t. Boswell, had just finished an extensive tour in France, 
Holland, Swisscriand, Italy, and Spain, and as he 
appeal« to possess a practical knowledge of the subject 
on which he writes, his remarks are not without consi¬ 
derable value. “ That the Agriculture of Britain,” says 
lie, “ i« superior to that in tile Continent, or iudeed, ol 
the wliolc World, every one must admit who knows auy 
thing of the matter; but to explain the causes of this 
superiority may not be a matter of so easy discovery. 
Our climate, at least in Scotland, is bad ; our soil is by 
lio means uniformly fertile, and there arc other causes 
which at first sight seem to put a rel> .m improvement 
in the Art of Agi iculture ; yet with all these disadvan¬ 
tages to contend against, it cannot be denied that we 
have lisen superior to all the World. Of course I make 
this broad assertion on the authority of those who have 
visited the other quarters ol’ the Globe. For my own 
purl, it has been my lot to see a considerable part of 
Southern Europe, and comparatively speaking I am sale 
in saving that I have never yet seen a well-drawn furrow 
or dull hy a foreigner. I make use of the word 
foreigner, because in visiting Xeres de la Fronteira, in 
the Winter of 1809, l was shown a very beautiful crop 
of turnips with drills drawn in the most masterly style; 
but these were found on inquiry to have been made by 
East Lothian ploughmen, brought to the Peninsula by 
my kind host Mr. Gordon, whose exertions for the im¬ 
provement of that part of Spain were neither known nor 
rightly aftprergnted by that stupid and tyrannical Govern¬ 
ment. In making this statement some may set me 
down as one of those prejudiced people who in a John 
Bull sort of way will not allow any merit to exist out of 
this little Island. But I wish it to lie clearly understood 
that my remark is intended to apply only to the depart¬ 
ment of Agriculture, or rather to the operations of the 
ploughman, for I have frequently seen more beautiful 
specimens of spade culture abroad than in our own 
Country : this, however, more properly belongb to 
Horticulture. On the Continent their implements are 
an defective that it is impossible the work can be well 
performed ; hence, wherever there is a dense population, 
and the petite, culture, as the French call it, is followed, 
there one commonly finds spade-work exceedingly well 
done, particularly where the vine is cultivated: but the 
moment they farm on a large scale it is execrable. I 
scarcely know where to say that the Agriculture is the 
worst. It seems to be in an inverse ratio of the good¬ 
ness of the climate and fertility of the soil, that the farm¬ 
ing is bad. In the States of the Pope, where the soil 
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and climate cannot he excelled, I think I may sav it is AgiicnUcre, 
the worst. In all my wanderings, with one Military • - 

exception, at Kofwyil near Berne, I may truly k ;vv [ 
have never seen u plough! A clumsy thing made ,ii a 
few pieces of bent wood, fastened together with 1 % r, r 
two hobnails, is used tor tilling, and although tins im¬ 
plement varies in form in ilitlVrent Countries, it is every 
where equally remote from the plough of this Country, 
constructed iu the manner which Science points out to 
be the best. With such a tool as I have described to 
stir the soil, it is almost supei (loons to say that the work 
more resembles the pastime of a herd-boy, or pigs hunt- 
iitg for tiu 1 lies, than the woik of a Norfolk or a Scotch 
ploughman. Over a great pail of the Continent, the 
harrow is an implement not even known. In some 
parts of Flanders, on the Rhine, in Prussia, and Ger¬ 
many, they use what they call a harrow, a small trian¬ 
gular frame of wood into which are inserted a few wooden 
pins. Wretched, however, as it would be esteemed by 
our farmers, it is a refinement in Agriculture not known 
on the fertile plains of Spain or France, on the wide- 
extending Campngua di Roma, or jn the farming of 
Calabria, where they either plough down the seed, or not 
uufrequcully cover it by throwing earth upon it with an 
implement iu form betweeu a hoe and a spade, leaving 
the ground, when the operutiuU is finished, in long beds, 
such as those in which the gardeners grow onions. 

“ The best farming on the large scale which I have 
seen is in Flanders, uear VVuteiloo, and in the adjoining 
part of the Country; but it is clumsy, and performed 
with very defective instruments. In Tuscany the son 
is by far the best cultivated ; but it is generally speak¬ 
ing in small holdings, and the greatest part is done by 
nieuual labour; although they also use the plough a 
good deal, making the oxen work close to the rows of 
vines, which border every field, and which they are 
prevented from eating by a slight muzzle of basket-work 
hung in their noses. The Tuscan plough is not nearly 
so rude as that made use of in many other Countries ; 
and the Tuscan Agriculturists are even acquainted with 
our method of opening drills, putting in manure, and 
then closing them with the plough. Taking you 
Northward by a very' rapid journey from this jiurt of 
Italy to Berne, I shall say » few words respecting 
Hofvvyil. Here the British Agriculturist, vvtio visits 
the farm of M. Fcllenberg, is surprised to find not 
only all the newest and lvest improvements in Agricul¬ 
tural implements, as used in Great Britain, but many 
invented by himself, and constructed at llofwyil, which 
surpass in simplicity and beauty the liest I have seen at 
Uolkham. I was particularly pleased with a corn- 
driller, which had a dial and index to show the ground 
gone over; thus possessing the double advantage cf 
showing the work done by the horses, and the quantity 
of seed used per acre. This lurm is like the must 
beautiful garden as to neatness, and lieing free from 
weeds. All that is done by the spade and hoe is capita), 
there can be no better work. But if I, who was well 
acquainted with the farming of East Lothian, tell the 
greatest surprise on first seeing the correctness. I might 
say the mathematical precision of the drill-husbandry of 
Holkhani, what would he the feelings of M. Feileii- 
berg, if he could see and compare that nr plus ultra of 
good workmanship with the bungling pei fnrmance 
of his own peop'c, provided as they are with wich admi¬ 
rable tools to work with ? 

“ There is one feature in the Agriculture of the Con- 
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AgiicuUnre. tineut which ought to be adverted to. In this Country, 
'—’v—w hen we read an account of any other part of the World, 
and are told that it is nil enclosed, we naturally imagine 
to ourselves cattle feeding quietly, or corn growing in 
separate fields. But how sadly disappointed is the 
British traveller to discover the mistuke into which he 
has been led, and to find that the .enclosures, where 
there are any, have been formed, not to keep in, but to 
keep out cattle. If one of our Countrymen land in 
Holland, and behold the beautiful meadows full of the 
finest cattle, lie is led to think that things are not very 
dittereut from wluu he lias been accustomed to at home. 
But he must very soon change his opinions, for he 
quickly gets into a Country where there is nothing but 
the soiling system known or used; and if he proceed 
Southward he will not see another animal in a field, 
till, after a journey of hundreds of miles, he reach the 
Pontine Marshes between Borne and Naples. In some 
places, indeed, they drive them out iu the daytime to 
pick a few weeds in the lanes, or on the outsides of the 
enclosures, which are generally a ditch and a bank of 
earth, made very jlcep, and smoothed with the back of 
a spade when the mud is wet; and in some moun¬ 
tainous districts, such as the Tyrol, one sees herds brows¬ 
ing on the sides of the steeps, but it is generally at such 
a distance that, except to fill up the beauty of the land¬ 
scape, the sight of them is noway useful to the inquiring 
Agriculturist. Sometimes, late in the evening or very 
early in the morning, one may, from the window of a 
village tun, get a passing view of the kine; and most 
peaceful is the sight, while the varied sound from the 
bell, or rather canister, which hangs appended to the 
neck of each, forms most appropriate ami pastoral 
music. But on descending again to the plains, the 
soiling plan is once more found to be the only one of 
treating live stock; a method which, however well it 
may answer as to gaining^nog, is certainly bad for tlie 
eattle ; for 1 have observed that where the soiling system 
is followed, they are universally poor-looking, knock- 
kneed creatures of very small sue. In Holland and in 
the Pontine Marshes, on the contrary, where they feed 
on the sward, they are very fine. 

“ On comparing the Agriculture of the Continent 
with that of this Country, we are indeed struck with the 
miserable manner in which the operations of the plough 
and harrow are conducted ; but the great deficiency is a 
total ignorance of what we call green-cropping on the 
large scale. It is true that both potatoes and turnips 
are used in the different Countries; but I have never 
seen them properly cultivated, and, consequently, never 
approaching to a full crop. In Flanders, Prussia, 
Germany, and in the ■ Swiss cantons, there is no one 
who holds land but grows a portion of potatoes: but 
they are planted either by the hand on a flat surface, or 
put in with a spade, so close that, instead of horse- 
hoeing, it is wonderful to me how they can get them 
hand-hoed ; the consequence of which is that the pota¬ 
toes never reach the size of a common egg. Bui the 
measure of had farming is filled up by the rude method 
adopted liir thrashing out the corn, still tnuking use of 
cattle or horses, at least in all the Southern parts of 
Europe, to tread it out as we read in the Scriptures.”* 
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On the Theory of Agriculture. Agricullmv 

Although Husbandry is an Art which lias been tvtomaiy 
enrried on from the earliest Ages by a greater number ol'*‘ lul,s 
people than arc concerned in Any other, yet even at this 
advanced period, the speculative Agriculturist may in Theories, 
some measure be viewed as remaining without any 
fixed principles on which to found his precepts. Instead 
of resorting to practice, and thence forming a satisfac¬ 
tory Theory, writers on Agriculture, in numberless in¬ 
stances, have uinused themselves without instructing 
their readers by presenting abstract opinions on this im¬ 
portant subject; not reflecting that every kind of Theory 
which is not built upon extensive experience, is fallacious* 
and sometimes positively absurd. According to the 
method adopted by these authors, he vv !m argues ino-t 
ingeniously must necessarily be regarded as coming 
nearest to the Truth; and liis doctrine will, there lore, 
be considered as the standard until some other shall 
startup, whose eloquence inay prove more persuasive, 
atid whose notions may be held more plausible. This 
has been the late of all Philosophical conclusions on this 
subject, since tile earliest times. For example, Imvv 
numerous and diversified are the sentiments ofTheonsls 
respecting the food of plants; although it is a oeitain 
fact that the most acute Naturalist can no more account 
for the germination of a single grain of corn, than he 
can explain the mysterious grounds on which he himself 
enjoys a rational existence.* Without, therefore, stop¬ 
ping to inquire whether the gaseous substances, oxy¬ 
gen, hydrogen, iu thcii separate state, or a combination 
of them in the fonn of air mul water, or the oxides of 
those metallic bases which give rise to the various 
earths, constitute the pabulum of the vegetable species, 
it may be remarked that the dullest farmer knows sufli- 
cieutly that if he drains, cleans, and manures his land in 
a proper manner, it will yield him as good a crop as the 
soil is constitutionally capable of producing, provided 
Physical circumstances, such as heavy rains, excessive 
droughts, or furious winds do not prevent Nature from 
discharging her usual functions. As we neither have 
the command of the essential elements which minister 
to vegetation, nor can order the Sun to display his 
beams, nor the atmosphere to afford genial gales, nor 
the clouds to drop refreshing showers, little* benefit 
could accrue to the operative husbandman were even 
the curtain of Nature drawn aside, and* our eyes per¬ 
mitted to roam at large over a field which may justly be 
regarded as forbidden to Man. Under these impressions 
we arc inclined to consider all abstruse disquisition, 
respecting the Chemical properties of Mutter, the Physio¬ 
logy of plants, and the stnicture of their several organs, 
as rather out of place in a Treatise on Practical Agricul¬ 
ture. Regarded as a Science, indeed, there is no absur¬ 
dity in connecting it with every other branch of investi¬ 
gation which has the analysis of matter for its object. 

Nay, in a certain sense it might be made to derive light 
and assistance from Astronomy, Anatomy, Mechanical 
Philosophy, and Pharmacy; for the cultivator has to 
study the seasons, the corporeal qualities of the horse, 
the composition of forces in the application of its 
strength, and the effect of drugs in repelling its disease. 

But it is obvious that similar argument might be used 
for the necessity of scientific knowledge in ail the other 
departments of human industry, inasmuch as every 
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Agriculture. Art that is practised, even by the most ignorant opera- 
■V-"*' tive, ha* a dependence more or less remote upon Philo¬ 
sophical Principles. Desides, Agriculture, above all other 
Arts, is founded on experiment, and has unilbrrnly de¬ 
rived its most important improvements from trials judi¬ 
ciously made and carefully repeated. The man of 
Science, in this case, only follows and discovers, or en¬ 
deavours to discover, a reason for the successful result 
which has been already ascertained ; and, by generalizing 
the truth implied in some particular fact, lie perhaps aids 
the application of it to a greater variety of objects. If 
there be any branch of Physical research which has a 
peculiar claim to tile attention of the Agriculturist, it 
may be conceived that this distinction belongs to Che¬ 
mistry ; the means supplied by which are so efficacious 
for analyzing soils, detecting the qualities of manure, 
and determining the composition of the vegetable pro¬ 
ducts. But it is well known that very little reliance can 
be placed on the best-conducted Chemical process for 
ascertaining the properties of land, or its fitness for par¬ 
ticular crops. The eye of an experienced farmer is much 
more to lie relied upon in the selection of a field, than the 
report of the ablest Lecturer who ever used a test, or pre¬ 
sided over a crucible. In many instances it would not 
be more hopeless to undertake the estimate of a man’s 
temper and talents from the weight of his body or the 
tint of his complexion, than it is to fix the precise quali¬ 
ties of the several portions of a farm, by subjecting a 
specimen of the soil to the operation of an acid or ail alkali. 
Causes of We mean it not to be inferred from these observations 
Hu. failure that the Principles of Science are inapplicable to the 
t**“d'aucetnent of Agriculture. Oil the contrary, we are 
satisfied that every step which is gained by the Philoso¬ 
pher m his acquaintance with the composition and powers 
of Matter, whether in its solid or gaseous form, will ulti¬ 
mately produce an effect in extending the empire of Man 
over the elements of Nature, and thereby add to his 
wealth and comfort. Our remarks have no other object 
than to establish the important maxim, that the labours of 
the husbandman are directed by Principles so simple that 
bis success will never he found impeded by his ignorance 
of the refined disquisitions of the Physiologist or Chemist. 
Pur example, were he at a loss to determine the effect of 
bone-manure, of rope-cake, of nitre, or of kelp on a 
piece of land, he could not have his doubts resolved by 
consulting the most learned Work on the Philosophy of 
Agriculture* because the action of these substances de- 
pciuls entirely on circumstances which canuot be brought 
under any general description or reduced to one rule. 
The rape-cake might suit one part of the field, and the 
nitre might answer belter for some other part of it; and 
yet so far as Chemical analysis could proceed in deciding 
the question, the soil of the whole would probably be de¬ 
clared homogeneous and fitted for one system of manage¬ 
ment. The points which give the distinguishing cha¬ 
racter to a section of arable ground, must in general be 
sought for under the surface. The subsoil has a great 
influence in aiding or counteracting the effect of manure, 
and in requiring a greater or less quantity of labour; 
perhaps the Geological structure of thejsurrounding plat¬ 
form interposes an energy which may assist in defeating 
or promoting the intentions of the cultivator; and the 
mineral bodies which lurk in its recesses may contri¬ 
bute their share also in covering the face of the country 
with a plentiful harvest, or in lilasting it with sterility. 
Hence it is universally admitted that no man is so 
unlikely to prosper as a speculative farmer. The failures 
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which have almost constantly ensued among Scientific Agriculture, 
projectors, who set at naught the lessons .,f experience V-✓ 
have created in many parts of the country an umlne 
prejudice against ull change, even when It Wlfar< ,t ie 
aspect of a manifest improvement. To the same 
cause must be ascribed the little success which in im.-i 
cases attends the processes of gentleman-farming ; lor, 
besides the greater expense incident to the different -Ulc 
of living among the servants, there is a natural tendency 
in every educated mind to promote the Arts bv the aid 
of experiment. 

The safest Theory of Agriculture, therefore, i* that w Inch Three w!V,t 
comprehends those Principles only which have been Maaeq-i^. 
confirmed by observation and long practice; such, for 
example, as that the soil should lx- well drained, or kept 
free from all superfluous moisture; secondly, that it 
should be kept dean or free from all noxious weeds ; and 
thirdly, that it should be kept rich, or in other word*, * 
that every particle of manure winch can be collected 
ought to he applied, so that it should lie retained in a 
state capable of yielding good crops. 

In the first place, the necessity qf preserving the land 1.Draining, 
in a dry state is so obvious, that few arguments,will lie 
required in support of this preliminary Principle. When 
ground is allowed to remain wef, which may be occa¬ 
sioned by springs in the undersoil, or by rain-water 
stagnating on the surface, the earth becomes sour and 
thereby extremely unfavourable to the growth of plants; 
and often in the first instance prevents either ploughing 
or harrowing Trom being successfully accomplished. 

Under such circumstances the young plants, whether of 
corn or grass, appear yellow and sickly, and never 
assume that vigorous aspect which they exhibit in fields 
properly drained. Besides, manure fails In produce its 
wonted effect when the laud is drowned bv water from 
above or from below. In fact, without attention to this 
essential operation, neUher»ean arable land be perfectly 
managed, nor can good crops be raised. Perhaps the 
progress of farming in any particular country may lie 
more correctly estimated by the care bestowed upon 
drainage than by any other mark whatever. 

In the second place, the benefit derived from keep- 2.Wc«ling. 
ing the soil free from weeds is equally beyond dispute. 

Weeds, it has been remarked, whether annual or peren¬ 
nial, may be regarded as preferable creditors of the land, 
who will reap the first advantage of manure if allowed 
to remain in possession; their lemoval, therefore, forms 
an important object of the husbandman's attention. Witn- 
out detailing in this place the most effectual means for 
effecting that purpose, it inay be asserted, that in propor¬ 
tion to the success which follows the u*e of the means 
employed, so will the goodness or badness of the crop 
be determined. If the nutritive powers of a field be ex¬ 
hausted by weeds, or by such plants as the *oil naturally 
produces, it is impossible that the aitifieial plants can 
prosper. It rarely happens indeed that the natives aie 
altogether extirpated, even by the most -editions l.o mer ; 
but it is true, nevertheless, that upon the smallness of 
their number depends the amount of the return which 
the Earth makes to Mail fur the toil bestowed upon it* 
cultivation. 

In the third place, the necessity of restoring to the llanur- 
land, in the shape of manure, the /virility or power* of mg. 
production, drawn from it by a succession nl crops, is 
acknowledged by every one, except the disciple* of 
Jethro Tuli, if there be any of that School non remaining. 

Manure, in tact, is the most powerful agent in the bands 
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^culture, of the farmer: and the attention bestowed upon collecting, 
preparing, arul applying, constitutes an important branch 
of the Art which he practises. Perhaps in the practical 
details connected with fliis general Principle, Agricul¬ 
turists are more deficient than in the duties which re¬ 
spect the two others; and here the advantages of Chemical 
knowledge will be recognised by many who, on the 
whole, are not friendly to its more speculative tenets.* 
Obvious In these fundamental Principles we have omitted the 
necessity of operations of tillage, because the vet test Savage is aware 
tillage. jj lal f] lu s m(' ; iee of the ground must be scratched Indore 
the seed is deposited into it. An expert farmer is con¬ 
vinced that before it piece of land can he exacted to put 
forth its strength, it must be well pulverized, and ex¬ 
posed to the action of the sun and air; but as this is one 
of the processes which must be taken for granted, aud 
belongs rather to the Practice than the Theory of Agri- 
* culture, we shall proceed at once to discuss the more im¬ 
portant parts of the subject on which we have entered, be¬ 
ginning with a consideration of the dliferent kinds of Soil. 


Sail. 

• 

Compos!- Soil may be defined to lx* that layer of loose earthy 

■tion and matter which constitutes tiic upper covering of the 

loiinatiMi. (Jloljc, a (fords a stratum to the roots of innumerable 
tiibcs of icgetables, aud supplies them with nourishment 
to promote their growth and bring them to maturity. 
It consists of the primitive earths which enter into the 
composition of the prevailing strata or rocks, from the 
disintegration of which it is obviously formed. The 
succeeding layer cm which llie vegetable Soil reposes, 
whatever lie its nature, whether it be composed of less 
coherent or of more solid materials, is usually distin¬ 
guished by the name of undersoil or subsoil. VVe have 
said that the upper coaling, which ministers to vegeta¬ 
tion, is derived from the decomposed ingredients of the 
rocks or strata on which it iwsts, or of those in the im¬ 
mediate neighbourhood, the debris of which is conveyed 
by means of water. The formation of Soil is, indeed, a 
beautiful process carried on by Mature, and is accom¬ 
plished by the combined influence of moisture and tern- 
puat'ure on the rocky giidle of the Earth. The changes 
Winch take place in this Physical metamorphosis succeed 
each other with more or less rapidity, according to the 
nature of the rocks and the power ol the agents which 
operate in their decomposition. In a warm country and 
moist climate where vegetation is vigorous, it proceeds 
with astonishing celerity ; but m the colder regions of the 
Earth it advances with slower ami more progressive steps. 
Hut whatever may be its progress, the hardest rocks, as 
well as tito.se of less durable and less coherent materials, 
are subject to disintegration uml decay, contributing, as 
they dissolve, to the formation and increase of Soil. 

Progress. By observing what is daily taking place around us, 
it is not difficult to trace at least the first steps of this 
process, by which in the course of Ages the hills arc 
lowered and the vallgys are exalted. A hare rock when 
it is uncovered, or a mass of stone which has been lately 
dug from the quarry, when fully exposed to the air, soon 
loses its fresh appearance and assumes a different aspect. 
When this change is investigated it is found that the sur¬ 
face of the stone is covered with a thin crust, of a sub¬ 
stance very rliflerent from the stone itself. A closer 
inspection shows that this crust is a vegetable production 
belonging to the tribe of plants known by the name of 


lichens, ami supposed, perhaps from ignorance or the Agriculture, 
want of means to examine them, to be less perfect than 
other plants. The seeds of course arc extremely minute, 
easily wafted about by the wind, and floating in the 
atmosphere attach themselves most readily to those bodies 
which are somewhat moist. Porous rocks, which are 
most apt to absorb moisture from the Earth or from the 
Air, are the first on which lichens make their appearance. 

By means of this vegetable covering, a larger portion of 
moisture is absorbed, and a smaller jwrtion of what rises 
through the rocky substance from the Earth is lost by 
evaporation: this affords additional nourishment and 
increases the power of vegetation. % thin layer is soon 
detached from the surface of the rock and seduced to the 
earthy form. The first vegetable productions, in the 
change of the seasons, decuv; and hence the first thin 
stratum of Soil is fnrmdU by the decomposition of (he 
vegetable matter and the disintegration of part of the 
mass of stone iu which it was produced. Plants of a 
larger size and more vigorous growth, whose seeds 
arc carried about in the air, find a fit receptacle in this 
mixed mass for their vegetation and growth. They 
in their turn decay, and contribute a fresh portion of 
vegetable substance, while another accession of earthy 
particles, derived from the stone, is made {!> the general 
mass. Insects and worms which make their abode in the 
earth or in plants, iu the progressive changes to which 
they are subject and in the various stages of their exist¬ 
ence, deposit animal remains iu the places which they 
frequent; and these also serve to increase the quantity of 
orgam/.ed matter in the new Soil. Tracing the operation 
of these causes iu tile production of fertilized earth, we 
seethe manner in which the suiface of the ground is pre¬ 
pared lor the reception of innumerable species of plants. 

Every kind of rock even of the hardest and densest n (w rega- 
nature is subject to this change. The purest rock crystal Uted, 
when exposed to the weather is deprived, in no long 
period, of its brilliant lustre and fine polish ; but the ex¬ 
tent and rapidity of the change, we need not rtmark, 
correspond with the nature of the rocky substance and 
the heat and moisture of the climate. In the warmer 
regions of the Earth the surface of a hare rock is soon 
converted into friable earthy matter, covered with verdure 
and clothed with trees; but in colder climates, as has 
been already remarked, the process is slower as well as 
more limited. The vegetables which spring up are of 
smaller size as well as of more tardy grovvthsuud thus af¬ 
ford a more scanty contribution to the. formation o< Soil. 

It is obvious from what has been just stated, that the Different 
diversity of earthy mutters contained in the Soil must moilifica- 
depend on the constituent parts of the rocks from which *“ m * 1 
it is derived. Rucks iu which the prevailing ingredient 
is silitious earth, afford a sandy Soil; those rocks, again, 
in which alumina, or pure clay, predominates, yield a 
cl.icy Soil; while calcareous earth abounds iu the Soil 
which is formed of the detrition or decomposition of 
limestone locks. But the Soil formed by this process of 
disintegration and Chemical affinity, does not always re¬ 
main on the spot where it is at first deposited. On the 
contrary it is carried by floods from the higher to the 
lower grounds, where it is gradually lodged, and on 
which, in a succession of Ages, it forms a thick lied. 

W hen the earthy matters are swept away by rivers with 
a slow current, they are deposited on their flat hanks or 
at wide estuaries. In this way some of the richest Soils 
have been formed. The fertile lauds at the mouth of 
the Nile, of the Po, of the Thames, aud the Forth pre- 
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Agriculture, sent examples of this result. Gravelly soil, on the other 
hand, draws its origin from those rocks whose lofly 
precipices are exposed to the weather; but especially 
from such rocks as have many fissures and cavities, and 
thereby retain wuter in their bosoms. This water when 
it is near the surface is frozen in Winter, and by its 
expansive force when passing into ice, separates and 
throws down immense fragments. These masses, broken 
in their fall, are reduced to pieces of still smaller magni¬ 
tude by the current of rivers, or the agitation of lakes 
through which they are sometimes carried by tty? rush 
of a mountain streiyn. In the progress of those changes 
which the face of the Earth every where exhibits, the 
river changes its course, the sea recedes or advances 
upon the land, the lake is dried up, and the bank of 
grand becomes dry ground. The seeds of vegetables 
fall on its surface, grow up, and decay; these are suc¬ 
ceeded by other generations which run the same course; 
a portion of earthy matter is obtained from the stones 
on which the vegetable remains arc deposited, and, 
being mixed with the loose fragments, form at length a 
Soil which invites the culture of the husbandman. 

Ktk'cH juo- A moist climate and water stagnating in low grounds 
ilnmlliy have a powerful effect in modifying the Soil. In elevated 
water. situations the chilling influence of cold permits only 
plants of a coarse and hardy character to come to malu- 
tily ; when they die the same causes prevent or retard 
their decomposition ; and in such places the Soil consists 
of a ntnss of half-decayed roots ancl stems of different 
species of heath and sedge-grass, with which it is almost 
entirely occupied. This is the origin of moorish Soils. 
In places, again, where water lodges permanently, a dif¬ 
ferent race of plants is produced. The Itog-moss, or 
Sphagnum palvstrr, first makes its appearance ; a new 
race of the same species succeeds ; other species and 
plants of a different character find a convenient station 
in the floating mass; and from the accumulation of in¬ 
numerable generations of various kinds of vegetables in 
a state of imperfect decomposition, peaty or mossy Soil 
dentes its origin. 

< tension'll Resides the ingredients already mentioned, which may 
mgudicatj he considered as the base of different Soils, other sub- 
el Sell. stances enter into their composition. Some of these 
(as magucbia, which is sparingly met with in Soils, and 
contain other metallic substances with which they 
are impregnated) are understood to have originally 
existed in tl.t rocks from the disintegration of which the 
land has been formed. Saline minerals, too, which are 


sometimes found in cultivated grouuds, have the same 
origin, though they are occasionally deposited by the 
water of springs as it filtrates through the Soil. The 
stratum which immediately supports the surface, layer in 
which vegetables grow, is distinguished, as we have said 
above, by the name of subsoil. It sometimes happens 
that this undersoil is composed of the rock which fur¬ 
nished the materials for the Soil itself; but it more fre¬ 
quently consists of a bed of gravel, or clay, or sand. A 
knowledge of the nature of the subsoil is of no small con¬ 
sequence in conducting improvements in Agriculture. 
It is often the. best guide in draining; and in the opera¬ 
tion of tillage, when it is within reach of the plough.it 
may be avoided or partially turned up, ns the ingredients 
of which it is composed when mixed with the Soil are 
found to be beneficiul or otherwise. 

Classifies- Ilence it appears that Soils may be classed under the 
tieu. several heads of clayey, sandy, gravelly, and peaty or 
mossy. There is a fifth, which, from its quality, has 


been denominated loam, and from Us history or ori.ri,, Agriculture, 
has got the name of alluvial. The principal of lluse^is N —v—-' 
we have already suggested, are from the depositions *,if 
rivers or of the sea, and are generally rich elms | u |] y 
impregnated with animal matter in a state of complete 
solution. Peat, by good management, has sometimes 
been brought to the condition of loam, and rendered ex¬ 
tremely well suited to tile culture of what are called the 
tuberous-rooted plants. It is dark in its colour like the 
richest vegetable mould, and to the inexperienced ex c may 
passassuch; but still, unless greatly corrected in its tex¬ 
ture by the application of the firmer earths, it is found 
upon trial tube porous and loose, too easily saturated with 
moisture and too easily freed from it. In this improved 
state, however, it will yield bulky crops of oats and barley, 
although the quantity of grain does not always correspond 
to the weight of the stem or the quantity of the straw. . 

The simple nomenclature just given is perfectly intcl- IVlessnes* 
ligihle to the practical former, although, perhaps, in a u f a more , 
Scientific point of view, it might be rendered more com- 
plete by adopting the language of the Schools. The ‘ ’ 

clayey, sandy, gravelly, and peaty «>ils might be termed 
genera, and again divided into specks and varieties. 

But it is thought better, in the mean time, not to disturb 
the ordinary speech of the fields and farm-yard. As our 
knowledge of the composition of Soils increases, we may 
hope to attain a more scicutitk nomenclature founded on 
that knowledge ; but nothing of this kind that has yet 
been attempted can be regarded in the smallest degree 
as a substitute for the apparently inartificial division® of 
the practical husbandman. He chietiy regards Soils 
with reference to their fertility and the means of culti¬ 
vating them ; and if they are not classed conformably io 
these views, the arrangement will fail in the main pur¬ 
pose contemplated. Some continental writers of emi¬ 
nence have adopted a very complex system of terms as 
applicable to the different liiuds of land; but they are. 
such as the practical farmer will at once perceive to 
afford no assistance so far as regards the details of his 
business. What, for example, should we think of a boil 
said to belong to the class Secondary ; of the older llarths 
with organic remains ; of the genus Coal; ol the species 
Pyrilic; of tile variety Black; and of tile sub-variety 
Moist ? Such a nomenclature may amuse in the Stuilv, 
but can direct to no useful practice out of it. Some 
writers on English Agriculture, more practical than -pc- 
culative, have, on the other hand, deviated into an error 
not less perplexing than that now alluded to : for, by ail 
unnecessary mixture of local descriptions and phrases, 
they have rendered their Works almost unintelligible to 
those who live beyond the confines of a particular dis¬ 
trict. They have moreover confounded genera, spot ies, 
and varieties. Garden-mould, lor instance, is given a- a 
distinct division of Soil, in the same sense in which chiv s 
sands, and gravels are said to be so. But gaideii-nmuid 
is merely loam, which, as has been already ole-crvid n 
included in one or other of the classes ubovc-incut mud. 

Chalk, too, is described as a separate class, liioiiialk, 
as every one knows, is the subsoil and not the t'ml: ami 
we may assert that in Countries where tin- loimmini 
exists.no Soils are tol>o met with which innv not Ivioin- 


prehended in the divisions already given, aeeoi 
clay, gravel, or sand predominates in their rompo 

We have said that Soil's are principally ivai; 1 '■ d ol 
the comminuted earths, which form tile mu stamen! the 
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Agriculture. rocky masses which are observed to encircle the Globe. 
v m- y -n ' These are silica, alumina, lime, and magnesia, which arc. 

sometimes found in a pure state, but more frequently 
combined with acids, alkalis, and oxygen, one of the 
component parts of atmospherical air. Vegetable and 
animal matter, too, in n state of decomposition, forms 
an essential ingredient in all good Soils. The tiirmer 
exists in very different states, containing a large propor¬ 
tion of carbonuceous substance, and yielding no vola¬ 
tile alkali. It is the chief ingredient in peats, and is 
abundant in all rich moulds. The slate of animal matter 
in the Soil is as different as the substances from which 
it is obtained. It usually contains less carbonaceous 
matter than vegetable substances; and when exposed to 
heat, ammonia or volatile alkali, and carbonic acid. It 
is abundant in Soils to which manure has been lately 
, applied. 

Minuter" It is evident, therefore, from what has been said rc- 
distiuclions. spccting the production of Soils from rocks, that there 
must lie at least as many varieties of Soil as there are 
species of rocks exposed at the surface of the earth. In 
fact there are many ifiore. 1 ndcpendcntly of the changes 
produced by cultivation and the exertions of human 
labour, other materials of strata have been mixed toge¬ 
ther and transported from place to place by various great 
alterations which have occurred in the system of our 
Globe, and by the constant operation of water. The 
term sandy, however, should not be applied to any Soil 
which does not contain seven-eighths of sand: sandy 
Soils that effervesce with acids, should be distinguished 
by the name of calcareous sandy Soils, to distinguish them 
from such ns are silicious, and which do not effervesce 
with acids. The term clayey should not he applied to 
any land which contains less than one-sixth of impalpa¬ 
ble earthy matter, not considerably effervescing with 
acids; while the word loam should tie restricted to Soils 
containing at least one-third ^if impalpable earthy matter 
copiously effervescing with acids. A Soil to be con¬ 
sidered as ftenly, ought to contain at least one-half of 
vegetable matter. In cases where the earthy part of a 
Soil evidently consists of a decomposed matter of one 
- particular rock, a name derived from the rock may with 
propriety be applied to it. Thus, if a line red earth be 
found immediately above decomposing basalt, it may be 
denominated basaltic Soil. If fragments of quartz and 
niica be found abundant in the materials of the Soil, 
which is often the case, it may he denominated granitic 
soil; and the same principles may be applied to other 
like instances.* 

Varieties “ In general,” says Sir II. Davy, “ the Soils the ina- 
alluvial tcrials of which are most various atul heterogeneous are 
Seik those called alluvial, or which have been formed by the 

depositions of rivers; many of them are extremely fer¬ 
tile. J have examined some productive alluvial Soils 
which have been very different in their composition. A 
specimen from the hanks of the river Parret in Somerset¬ 
shire, afforded me eight parts of finely-divided matter, 
and one part of silicious sand ; and au analysis of the 
former gave the following results: 


Parts. 

Carbonate of lime... 360 

Alumina. 25 

Silica. 20 

Oxide of iron.’.... 8 


Vegetable, animal, and saline matter... . 19 

* Agricultural C/uwstnj, p. 134. 


“ A rich Soil from the neighbourhood of the Avon in Agriculture, 
the valley of Kvesham, in Worcestershire, afforded me W / W 
three-fifths of fine sand, and two-fifths of impalpable 


matter. This last consisted of 

Parts, 

Alumina. 35 

Silica. 41 

Carbonate of litne. 14 

Oxide of iron. 3 

Vegetable, animal, and saline matter ... 7 

“ A # specimen of good Soil from Teviotdale afforded 
five-sixths of fine silicious sand, and one-sixth of impal¬ 
pable mailer; which consisted of * 

• Parts. 

Alumina. 41 

Silica. 42 

Carbonate of lime.. t. 4 

Oxide of iron. 5 * 

Vegetable, animal, and saline matter ... 8 


“ A Soil yielding excellent pasture from the valley of 
the Avon near Salisbury, afforded one-eleventh of coarse 
silicious sand; aiul the finely-divided matter consisted of 

Parts. 


Alumina. 7 

Silica. 14 

Carbonate of lime. 63 

Oxide of iron. 2 


Vegetable, animal, aud saline matter ... 14”* 


The knowledge acquired by this analytical process Knowledge 
of the component parts of Soils, possesses its chief value of Soils 
as it suggests the readiest menus lor the improvement famishes 
of bad land, as well as for the successful management of 
that which is good. In ascertaining the composition of cutttL ‘' cs ' 
sterile Soils, for instance, any particular ingredient which 
is the cause of their unproductiveness will probably 
attract the notice of the Agricultural Chemist; whom in 
this case, the farmer should employ exactly on the same 
principle as he calls in (he Farrier when bis horses are 
sick, or the Physician when a disease has found its way 
into his family. If, for example, in analyzing a portion 
of barren Soil, it be found to contain the salt of iron, or 
any other acid matter, it may be ameliorated by the 
application of quick-lime. A Soil of an apparently good 
texture vvas put into the hands of Sir II. Davy, as re¬ 
markable for sterility. On examining it lie found that it 
contained sulphate of iron, and accordingly recommended 
the obvious remedy of top-dressing with 4ime, which 
converted the sulphate into a manure. If there bean ex¬ 
cess of ealcareotis matter in the Soil, it may be improved 
by the application of sand or clay. Soils, again, too 
ahundant in sand are benefited by the use of clay or 
marl or vegetable matter. Peat as a top-dressing has 
been found to answer well for correcting the delects of a 
light sandy Soil; while a deficiency of vegetable or 
animal matter must be supplied by the richest species of 
manures. Au excess of vegetable matter, on the other 
hand, is to he removed by burning, or to lie remedied 
by the application of earthy materials. The improve¬ 
ment of peats, or bogs, or marsh lands must be preceded 
by draining ; stagnant water being injurious to all the 
nutritive classes of plants. Sott black peals when 
drained, are often made productive by the mere applica¬ 
tion of sand or day as a top-dressing. When peals are 
acid, or contain ferruginous salts, calcareous mutter is 
absolutely necessary in bringiug them into cultivation. 



* Agricultural CAemutry, p. ISO. 
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When they abound in the branches and roots of trees, 
or when their surface entirely consists of living; vege¬ 
tables, these must either be removed or destroyed hy 
burning. In the latter case, their ashes afford earthy 
ingredients fitted to improve the texture of the Soil on 
which they were formerly an incumbrance. In a word, 
the best natural Soils are those of which the materials 
have been derived irom different strata of rocks; which 
hnve been most minutely divided hy air and water, and 
are intimately blended together; and in improving Soils 
artificially the farmer cannot do better than iinital/ the 
processes of Nature^ The materials necessary for the 
purpose are seldom far distant; coarse sand is often 
found immediately on chalk; and beds of sand and 
gravel are common below clay. The labour of improv¬ 
in' 1 ' the texture and constitution of the Soil is repgid by 


moved into the shade where the temperature was 62°, Agriculture, 
lost in half an hour 15°; whereas the chalk Soil in the • r-,-i ■* 
same situation sank only -1°. A cold, fertile Soil ami 
cold, barren clay, being previously dried, were heated to 
the temperature of 8b°, and afterwards exposed to the 
air in a place in which the thermometer stood at 5*°; in 
half an hour the former lost 9°, while the other was de¬ 
prived of no more than 6°. An equal portion of the 
clay containing moisture was heated to bb°, and then 
exposed to a temperature of 55° ; in a quarter of an 
hour its heat became equal to that of the room. In con¬ 
ducting these, experiments, which were made hv Sir II. 

Davy, the Soi's were placed in small tin-plate trays, two 
inches square and half an inch in depth.* 

The temperature of the Soil, or its power of com bin- Ofahsorp- 
ing with and retaining heat, is in all cases greatly modi- tiun. 
fieri by the property it possesses of absorbing moisture ; , 


a "real permanent advantage, for its fertility is thereby fied by the property it possesses of absorbing moisture ; 
placed on n lasting basis; and while the annual outlay and this latter quality depends in a great measure on the 
is lessened the yearly produce is increased. degree of comminution to which its pails are reduced ; 


Moiliis of 

examining 

bulls. 


In whatever way a Soil is to bo examined, specimens 
of it should be taken from different parts of the field. 


for the more they are divided the more active is their 
power of absorbency. This property is greater in vege- 


and a few inches below the surface; and it should be table than in animal substances; £rtid these last possess 
carefully ascertained whether these portions so selected it in a higher degree than compounds of the earths, and 
possess similar properties. On extensive plains the a considerable diversity prevails in the different propor- 
vv hole of the Soil is found to Ik; rather uniform in the tions of the eat lbs themselves. It has been already sug- 


nature and proportion ol the ingredients of which it is gested that the fertility of a Soil has a close connection 
composed; but in valleys and near the beds of livers with its power of drawing moisture from the atmosphere, 
which are supplied with the materials of the Soil from Experiments to ascertain the extent of this property can 


the higher grounds, there is necessarily a greater variety. 
One part of the field presents a calcareous Soil, and ano¬ 
ther a silicious. The specific giavitv in all cases is an 
indication of the quantity of organized matter which it 
contains; for such matter is most abundant in lighter 
Soils. To ascertain the specific gravity of any given 


Soils. To ascertain ttie specific gravity ot auy given tnc most icmic ooiis. jy mousanci pans oi a ceieurwcu 
laver'of earth, an equal bulk of it mid of water may lie Soil from Ormiston, in East Lothian, which contained 
introduced into a phial of a determinate capacity. If a more than half its weight of finely divided matter, of 
bottle containing four hundred grains of water be half- which 11 pans were carboifale of lime, and 9 parts re¬ 
filled with that liquid, and it'the remaining half be tilled getable matter, when dried at 212\ gained in an hour, 


be easily made, and a very simple method of determin¬ 
ing the relative productiveness of land is obtained by 
them. “ I have,” says Sir II. Davy, “ compared the 
absorbent powers of many Soils with respect to atmo¬ 
spheric moisture, and 1 have always found it greatest in 
the most fertile Soils. A thousand parts of a celebrated 
Soil from Ormiston, in East Lothian, which contained 
more than half its weight of finely divided matter, of 


filled vvitli that liquid, and it the remaining ball De tinea 
with the Soil to be examined, and if the bottle gain two 
hundred grains of weight more than when it is entirely 
filled with water, the specific gravity of the Soil is double 


by exposure to air saturated with moisture at temperature 
62°, IS grains. 

41 1000 parts of a very fertile Soil from the banks of 


tint of the water. The colour, feel, and some other the river l’arret in Somersetshire, under the same cir- 
Pbvsiial nronerties of Soils may, to a certain extent, cumstances, gained 16 grains. 


Influence 

tempera¬ 

ture. 


Physical properties of Soils may, to a certain extent, cumstances, gained id grams. 

lead to a knowledge of their composition. For example, “ 1000 parts ot a Sod from Mersey, in Essex, worth 
a silicious Soil is rough and har.l to the touch, and when 4.V«. an acre, gained 13 grains 

rubbed on glass scratches it. A red or yellow colour “ 1000 grains ol a fine sand from Essex, worth 2bs. 
denotes a ferruginous Soil, while softness in general an acre, gained 11 grains. 

denotes one that is calcareous. “ ol a coarse sand, worth la*, an acre, gamed 

The power of absorbing and retaining heat and mens- only S grams. . . , „ 

tnre seems to be closely connected with fertility of Soil. “ 1000 ot the soil of Bagshot-heath gamed only 3 
Certain Soils are more easily heated than others, and grains. 

when brimn-ht to the same degree of temperature, cool Water and the decomposing animal and vegetable 

•"*’ . .M « X I.i -.1 ...111. .1 , visilllie fit I Iwt «V I 1 f*r\1 I S. f iflll/X tl-lil 1 rilfl 1llVlirt.lt. 


also is heated with difficulty, 


proportions 


also is lllMltu wnu UIIIIVI4II.J, ..-. n « » • .... . ...I 

the warmth is not so soon expelled. A black Soil m which in producing the proper distribution ot the animal amt 
soft vegetable matter predominates is most freely heated vegetable matter to the expanding fibres ot the orga- 
by the sun and air Deeply coloured Soils, and such as nixed bodies, or plants, which go in search ot it, as their 


nossoss n lar<n- proportion of carbonaceous and ferrugi- natural sustenance. 

nous matter, "acquire, when exposed to the sun, a higher Soils which repose immediately upon a stratum ot 
temperature than Soils of a paler complexion. A rich rock become much sooner dry by the process ol ei aim- 
black mould, containing nearly a fourth part of vegela- ration than w hen the subsoil is ot clay or murk * ^ 
ble matter when under the influence ot sunshine, had contiguity ot the strata to the supermen,nE. t <ay ‘ 
its temperature raised in the space of an hour from 6f»° earth is supposed to be one ot the pnm .pal u' -«->» of 

to 88° of Fahrenheit; while a chalky soil under a si mi-- 

lar influence rose only to 69°, The mould being re- * .^,uuii„r,,i Chnmnrj. v in.*,. 
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Agriculture, the remarkable fertility of the land in the humid climate 
of Ireland. A subsoil in which clay predominates is 
sometimes extremely beneficial to a sandy field in aiding 
its deficient absorbent power, and supplying the moisture 
which is lost by the action of the atmosphere and the 
process of vegetation ; while, on the other hand, the ex¬ 
cessive degree of absorbent power in a Soil is often cor¬ 
rected by a subsoil of a sandy or gravelly nature. Ill 
calcareous Countries, where the surface appears to be a 
species of marl, the limestone is only a tew inches from 
the Soil; but the contiguity of (he rock impairs uot its 
fertility, although a less absorbent Soil in such circum¬ 
stances would Lie rendered sterile. This is finely exem¬ 
plified in the appearaucc of the sandstone and limestone 
hills in Derbyshire and North Wales during the summer 
season; the grass of the former usually exhibits a brrnvn 
and parched aspect, while the latter are clothed with a 
rich anil beautifully verdant covering. 

Leaving all the considerations which respect the im¬ 
provement of land until we come to the subject of 
manures, we shall now proceed to the theory and prac¬ 
tice of draining ; following herein what we consider the 
natural order of events iu the improvement and culture 
of land. It is obvious, indeed, that to whatever purpose 
the Soil is destined, whether pasture or tillage, it is neces¬ 
sary that it should in the first instance be relieved from 
superfluous moisture. Even the temporary stagnation 
of water ou arable land may interrupt the usual opera¬ 
tions of the husbandman at the most important season 
of the year, while it can hardly fail to counteract his 
labours in weeding and manuring, and, in the end, blast 
all his hopes of a remunerating crop. The produce of 
grass-lands, too, in which water is redundant, is always 
coarse and deficient in nutriment; and hence every intel¬ 
ligent farmer directs his first cares to the draining of his 
fields. 

Of Draining. 

Geological The successful practice of Draining depends in a great 

Principles. measure on a proper knowledge of the Geological struc¬ 
ture of the Earth’s surface, or of the various strata of 
which the outer crust, so to speak, is composed, as well 
as of their relative dpgrees of porosity, or capability of 
admitting the passage of water through them, and like¬ 
wise of the manner in which water is collected in the 
higher grounds and conducted to those of a lower level. 
In whatever way the elevations which present them¬ 
selves on the surface of the Globe were originally formed, 
it has been clearly shown, by sinking large pits, or by 
opening quarries in the sides of hills, that they are for 
the most part composed of beds having an oblique or 
slanting direction downwards. Some of these strata, 
from their peculiar properties, allow water to percolate 
freely through them ; while others, so far from admit¬ 
ting a passage, force it along their surfaces without pene¬ 
trating them in any degree, and tliertby compel it to 
seek an outlet iu the grounds below. There, in general, 
it is obstructed or dammed up, by meeting with imper- 
\inus materials of some ,kind or other, by means of 
which it is raised into the superincumbent layers, ifthey 
happen to lx- open or porous, soon rendering them too 
wet for the purposes of Agriculture : but where they are 
of h more tenacious and impenetrable quality, they only 
become gradually softened by the stagnant water below 
them ; by which, however, the surface of the ground is 
rendered equally moist and swampy, though somewhat 
more slow ly than in the former case. It may also be 


observed that some of the strata which constitute such Agriculture, 
hilly or mountainous tracts are found to lie continued 
with much greater regularity than others ; those which 
are placed nearest to the surface, at the inferior parts of 
such elevations, being mostly broken or interrupted be¬ 
fore they reach the higher parts of them; while those 
which lie deeper or below them at the bottom, show 
themselves near the summit. Thus, that stratum which’ 
may lie the third or fourth, or still deeper, at the com¬ 
mencement of the valley, may form the uppermost layer 
at tht; top of the hill; an arrangement which may have 
been produced partly by the circumstances attending the 
original elevation of such mountainous regions, and 
partly by the fact that the materials of the Exterior strata, 
being dissolved by the action of the atmosphere, by suc¬ 
cessive frosts and rains^ have been carried down into 
the valleys, and thus left such as were immediately below 
them in an exposed condition.* 

These elevated strata frequently prove the mrans of Kir.c u 
rendering the lower grounds wet and swampy; for the dirti-e-i.t 
general moisture of the atmosphere being condensed in strata, 
much greater quantities in such elevated situations, 
the water thus formed, as well as that which falls in rain 
and sinks through the surface, insinuates itself and thus 
passes along among the inferior strata which compose the 
sides of such elevations, until its descent is retarded by 
some impenetrable substance, such as clay ora very com¬ 
pact rock. It is there collected in a body, and ultimately 
forced to filtrate slowly over it, or to rise to the light, 
and to constitute, according to the diilereut circumstances 
of the case, swamps or marshes in the contiguous valleys. 

The appearances are more commonly coring springs, 
weeping rocks, or sometimes a considerable rivulet 
formed by the union of small currents under the ground. 

This is obvious from the sudden disappearance of mois¬ 
ture in some parts of lands, while it stagnates, or remains 
till removed by the effect of evaporation, on otheis; as 
well as from the force of springs being stronger in wet 
than in dry weather, breaking out frequently after the 
laud has been impregnated with much moisture in higher 
situations, and as the season becomes drier, ceasing to 
flow except at the lower outlets. The force of springs, 
or proportion of water which they send forth, depends 
likewise in a great measure on the extent of the high 
ground on which the moisture is received and detained, 
furnishing extensive reservoirs or collections of water by 
which they become more amply and regulafly supplied. 

On this account what are termed bog-springs, or such as 
rise in valleys and low grounds, are considerably stronger 
and more regnlur in their discharge, than such ns 
burst forth on the more elevated situations or sides of 
eminences.t 

In Draining land the first thing to be considered is the Modi a ,,f 
source of the wetness ; whether it be surface-water which nwciuin 
from coirm obstruction is not permitted to pass off freely, 1 j.'"' 
or whether it be thrown up, as has just been described, ° n,oll,lua '* 
from some of the inferior strata. If a hollow piece of 
ground be covered with water, or if it should he only 
wet and spongy during great part of the year and even 
during the dry season; and, when this ground has been 
for some time retained in pasture, if the common rush 
begin to shoot up and thrive on the edges of the wet 
spot where the soil is somewhat more solid, and if it 
stretch upwards on the sides of the declivity, and more 


* Darwin, Fhy/otoyia, j>. 2f>3. Loudon, p. G91. 
+ Klkiiigton, AJoile of Oraininy, p. 12. 
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\gvIcnHnre. particularly to a greater height on one side—then the to think of applying an auger as a proper instrument in Agriculture 
conclusion is pretty certain that the water proceeds from sueh cases. Thus did the discovery mute | rul)1 . 
the underground strata, from abed oft gravel or other chance, the parent of so many useful Aits'. t„ ( |,j s 
porous matter, at some depth under he surface, and manner he not only accomplished the Drainage of this 
supported by an impervious bed, such as a mass or layer field, w hich soon rendered it completely sound, but hhe- 
of clay. If a pit be dug at the tipper edge of the place wise all the other wet ground on his farm."'* 
occupied by the rushes, to the depth of two or three feet The success of this experiment soon extended Mr. IPs three 

_ w hjch must vary according to the thickness of the Elkington’s fame, as a Drainer, throughout the whole 

different strata and the depth of the porous bed through Kingdom. From long practice on grounds of every 
which the water filtrates—as soon as the latter stratum variety of character and situation, he acquired a great, 
is penetrated the water will rise in the pit, and pyHiaps facility in judging relative to the nature ol the concealed 
in a short time oversow and run along the surface. But strata and the sources of the hidden springs. The rules 
If a cut, of sufficient dimensions to convey the whole on which he acted may be reduced to three : first, 
of the water to the nearest ditch, be made, it is probable finding out the main sjtring or cause of the evil, wilh- 
the wet ground will be relieved from the witter, the out which nothing ellectual could be done ; second, 
rushes will disappear, and planjs of a very different cha- taking the level of that spring, and ascertaining iU 
meter lake their place. In case no water should appear subterraneous bearings, a measure never practised by , 

in the pit, after digging to a moderate depth, or if it any till Mr. Elkinglon explained the advantages to be 
should not he convenient to penetrate deeper than a font derived from it; for if the Drain lie cut a yard beyond 
anil a half or tw o feet, recourse may be had to the borer the line of Lite spring you can never reach the w ater that 
or auger; an instrument employed (or the purpose of issues from it, whereas by ascertaining that line, by 
forming a communication with the porous stratum means of levelling, you can cut off t#ie spring effectually, 
which contains the water, to the depth of many feet or and consequently Drain the land mtlic cheapest and most 
fathoms. VVtjcn the borer reaches the porous stratum complete manner. And third, making use of the atieer 
and is withdrawn, the water will be seen to burst up with to reach or top the spring, where the depth of the Drain 
considerable force and soon fill the pit; and if the com- is not sulficienl for that purpose. 

inuniention thus formed continues uninterrupted, the In proceeding according to this method of Draining, Tlu>ir appli- 
ground becomes dry, and is quickly rendered fit for all the neighbouring high grounds are to he examined, to cutieu 
tiie purposes of tillage. ascertain precisely the nature, composition, and inelina- 

Mr Filing- To Mr. Elkington is usually attributed the merit of tion of the strata, and their relative position with the 
inn's disco, having invented this process of Draining, the origin of land to be improved; from which an opiiiiou can be 
“ T- which is explained by Mr. Johnstone, the author of the formed of the nearest point at which the water may be cut 
Account of the most approval System of Draining Land, off and discharged by the level of the spring. To obtain 
“ In the year I7G3, Mr. Klkiugton was left by his father this necessary information, the beds of the nearest 
the possession of a farm called i’rinccthorp, in the parish streams, the lace of steep banks, pits, wells, and quarries 
of Stritton-upon-Dunsmore, and County of Warwick, are to be nicely surveyed. Having discovered the main 
The soil of this furm was very poor, and in many places spring, the next object is tb determine accurately the 
so extremely wet that it had been the cause of rotting line of level in which the Drain is to be conducted. This 
several hundred sheep, which was the first means which is one of the most important parts of the operation, and 
determined him if possible to Drain it, which he began requires particular attention. The last part of the opera- 
to do in 1704. The field in which he began was of a wet tiou is the application of tiic auger, which is employed 
clay soil, rendered almost a swamp (and indeed in some in all cases where the outlet, or the expense or the dilfi- 
ploces a shaking-bog) by the springs issuing from a bank culty of execution does not admit the Drain to be cut so 
of gravel and sand adjoining it, and overflowing the stir- deep as to reach the spring. 

face of the clay. In order to Drain this field, he cut a Tile Principles now explained will not, we think, be illustrated, 
trench aliont four or five feet deep a little below the found difficult in application when all the circumstances 
upper side nP the bog, or where the wetness began to are fully considered. Suppose there is an extensive flat of 
make its appearance ; and after proceeding so far in this swampy land, lying i n the bunk of a river, anil from an 
direction and at this depth, lie found that it did not examination of the appearances it is concluded that the 
reach the main hotly if subjacent water from whence the water is collected from numerous springs, indications of 
evil proceeded. On observing this Mr. Elkiugtou was which are distinctly observed on the declivity of the 
at a loss how to proceed. At this time while he was adjoining bank which forms the boundary of the bug on 
considering iv hat was next to be done, one ol’ his ser- one side: nnd suppose at the same time that all tne 
vants accidentally came to the field where the Drain was springs arise along the upper edge of the wet ground, 
making, with mi iron crow or bar, which the farmers in then, it ts very probable, that a single drain conducted 
that couutiy use in making holes for fixing their sheep in the direction of these springs will effectually carry off 
hurdles. Mr. Elkinglon having a suspicion that his the redundant water. But let it lie supposed further. 

Drain was not deep enough, and a desire to know what that on examining the surface from which the springs 
kind of strata lay under the bottom of it, took the iron issue, they appear at different levels; that the upper 
bar from the servant, and after having? forced it down series of springs is exhausted in the dry season, while 
about lour feet below the bottom of the trench, on pull- those in the lower part of the declivity continue to (low; 
ing it out, to his astonishment, a great quantity of water the conclusion in this case is pretty evident. that the 
burst up through the hole he hud thus made, and ran whole springs are derived from the same sonriv. The 
down the Drain. This at once led him to the knowledge lowest are to be considered as the elliel springs, and the 
Of wetness being oflen produced by water confined fur- line of the Drain accordingly is to he earned m their 
tiler below the surface of the ground than it was possible 

for the usual depth of Drains to reach, and induced him * Elkington, MvJrrf />n i>. <’• 
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Agriculture. direction, by which the run of water is completely inter- 
■ m- , -» * copied. If the Drain were carried in the direction ot the 
upper line of springs, it would also answer the purpose, 
but it would require deeper cutting, and therefore a greater 
expense would be incurred ; or the use of the auger 
might be required, which by the first method would be 
entirely superseded. It is scarcely necessary to add that 
extensive bogs or swamps may require subsidiary 
trenches in different places to carry olf the whole of the 
water. 

Indications The irregular distribution of the strata of which lulls 
from the are composed, frequently produces alternate portions of 
•»>*• W et and dry ground on the surface. The general aspect 

of the soil, the nature of the plants, and the degree of 
wetness which prevails, may, in many cases, indicate the 
arrangement of the rocky beds, unu hence the proper 
direction of the intended Drain. When the stratum is 
horizontal or.only slightly inclined, all the springs may 
derive their water from the same source, and when this 
is exhausted the object will be attained. But in cases 
where the rock is nearly in a vertical position, and con¬ 
tains partial collections of water in fissures and cavities, 
it is necessary to carry a Drain to each outlet. 

“ In many hills composed of alternate strata of rock, 
sand, and clay, (he surface of the latter is commonly wet 
and swampy, while that of the former is dry and pro¬ 
ductive, and therefore requires as many cuts to Drain it 
completely as there arc divisions of wet and dry soil. 
The highest parts of the hill being for the most part com¬ 
posed of porous soil, receive the rain-water which 
descends through it till it meet some impervious stratum, 
ns clav, which obstructing its percolation any further 
downwards, it then rises to the surface and forces itself 
a passage over that impassable stratum. After it has 
thus overflowed the upper clay surface, it is immediately 
absorbed by the next porous stratum, and descending 
into it in like manner us\bovc, it again issues at the 
lower side of it. and injures the surface of the next clay 
bed as it did that of the lirst. In this manner, the same 
stream will affect the other similar strata of which the 
hill is composed, down the whole, declivity, and form at 
lust in the hollow a lake or bog, if there is not a proper 
outlet ot descent to carry off the water. To Drain a hill 
side of this description, it is necessary to begin by 
making » trench along the upper side of the uppermost 
rushy soil, which will have the effect of cutting off the 
highest spring; but as the rain falling on the next porous 
sod subsides to the lowest part of it and forms another 
spring, a second cut is necessary there to prevent that 
water from injuring the surface of the next clay bed. 
Thus, similar cuts will be requisite down the descent so 
far as the same springs and appearances continue to in¬ 
jure the ground .t See 11 'g- 4, 5, and 6. 

The Drain- The borer used in Draining is near y similar to that 
jag Borer, made use of in searching for coal or other subterraneous 
minerals. The auger, shell, or wimble, as it is variously 
called, for excavating the earth or strata through which 
it passes, is funn two and a halt to three and a half 
inches in diameter ; the hollow part ot it one foot four 
inches in length, an«l constructed nearly in the shape o 
the wimble used by carpenters. The rods are made in 
separate pieces, of lour leet long each, which screw into 
one another to any assignable length which the depth of 
the hole requires. 


• Elkiugton, Mode of Draining, p. 19. &C. 
f Ibid. ji. 43. 


To judge when to make use of the borer is a difficult. Agriculture, 
part of the business. Some who have not seen it made ——v— 
use of in Draining have been led into a mistaken notion, Mode of 
both ns to the manner of using it, and the purpose for 
which it is applied. They think that if by boring indis¬ 
criminately through the ground to Ik* Drained, water is 
found near enough the surface to be reached hv the Drain, 
the proper direction for it is along these holes in which 
water has been found; and thus they make it the first 
implement that is used. But a process directly opposite 
ought to he followed, and the auger should never be used 
until after the Drain is cut; and then ij should be employed 
for the purpose of perforating a retentive or impervious 
stratuu , lying between the bottom of the Drain anil the 
reservoir or htruta containing the spring. The maimer 
of tisipg it is simply thus : two men above, one on each 
side of the Drain, turn it round by means ot the wooden 
handle; and when the auger is full they draw it out, 
and a man in the bottom of the trench clears out the 
earth, assists in pulling it out and directing it into 
the hole, and also gives occasional aid in turning with 
the iron handle or l,oy, when the depth and length ol 
rods require additional force to perform the operation. 

In one word, the auger may he described ps bearing the 
same relation to dropsical land that the tapping instru¬ 
ment in the hand of a surgeon does to a human patient* 
labouring under anasarca; and in both cases the suc¬ 
cess of the operator is in proportion to his theoretical 
knowledge of the subject, and the extent of his actual 
practice.* 

Tlie honour of this discovery, although usually eon- Thenivcn- 
ferred upon Elkiugtun, Ims not been undisputed. In 
Dr. Nugent's Travels through Germany, printed in the v 
year 17t>S, there is an account of a inode of Draining 
land on principles in some respects ot a similar nature, 
not indeed by the use of the auger but by making pits. 

And in a publication by Dr. James Anderson, entitled 
Jlstays on Agriculture, mid Rural Affairs, and healing 
date 1775, the author, after describing a mode of tapping 
by sinking small pits, adds, “ I have often imagined 
that the expense of digging these pits might be saved by 
boring a hole through this solid stratum of clay, with a 
wimble made on purpose; but as I have never expe¬ 
rienced tllis, I cannot say whether it would answer the 
desired end exactly." There seems to he no doubt, how¬ 
ever, that Mr. Klkington made use of the auger, prior to 
the date of either of these publieations, or *> any hint lie 
could possibly derive from any Work in the English 
Language, though it is probable that as regards boring 
the ground tor wells, the use of the said instrument was 
long known in various Countries, especially in Italy. It 
is proper to observe, at the same time, that although llr. 
Anderson’s Essays were not published (ill 1775, the ex¬ 
periments which he describes were made in 1701, and 
more i\ cr that the account of Mr. Elkington’s operations 


* A correspondent of the Quarter!g Journal of Agriculture writes 
as follows: •• Boring with augers and digging wells formed the 
peculiar feature* of Elkington's mode of Draining, joined to that of 
deep cutting J but,the latter part only of his mode has been care¬ 
fully preserved and practised, while the former unit has Wn to., 
much neglected. In one instance of my own ill Draining, uf which 
I have had considerable experience, the digging of a well nlsnit 
eight feet deep eaved the expense of making a Drain two hundred 
vards long. Bad the well not been attempted ot alt, that length ot 
Drain must have been cut along a fall of only twenty inches I la* 
well terminated in a thick bed of gravel, which easily alreirU-d .ill 
the water that could possibly have passed through all the llr .ms 
connected with it." No. XIII. p. 82. 
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r A^ricul(tire. was not. committed to the Press till the year 1196. The 
v'-"*'' decision of Parliament, which granted to the latter a riw 
ward of £1000, settled the question in a very important 
. .• point; leaving nothing but empty honour as the subject 

.• of controversy.* 

Surface As surface Draining, the second department of this 

IPaimng. brunch of husbandry, is conducted on the very obvious 
principle of having ditches on the lower sides of a held, 
into which the furrows discharge the superfluous mois¬ 
ture not absorbed by the soil, there will not be occasion 
for any lengthened remarks. In extensive flats, jfiow- 
ever, which are cowered with water a great part of the 
year, a more expensive operation becomes necessary. A 
main Drain, cin dueled from the intended outlet, must be 
formed with such, a slope and of such a depth as shall 
be sufficient to relieve the land.fvoin so injurious «n in¬ 
cumbrance. The course of a Drain of this description, 
when the inclination of the ground is not perceptible, is 
formed by the ordinary process of levelling, and in most 
cases by the use of the spirit-level alone, But without 
any instrument, those who are familiar with practical 
Draining cuti discover the declivity and the course of the 
water even in land which appears nearly flat, by examin¬ 
ing the ditchoa when'they are almost dry in Summer, and 
by observing to what point the leaves of aquatic plants 
are directed. When the extent of ground to be freed 
from water is considerable, a single Drain ought not 
to be held sufficient. In this case branches from differ¬ 
ent parts of the field uniting with the main Drain 
are absolutely necessary; and the number and direc¬ 
tion of these branches must be determined by the extent 
and inequalities of the surface. The Subordinate-Drains 
or branches should form a junction with the main Drain 
in the direction of the current, to avoid the danger of 
sand or earth accumulating and creating obstructions 
when they enter it transversely, 

Sli.ii*: of We need scarcely observe that the declivity, of the 
ground iu many cases must regulate the slope of Drains ; 
but where the outlet and other circumstances afford an 
opportunity for marking its limits, it should neither, on the 
one hand, be too great, in which case.the sides and bottom 
exposed to the rapidity of the current might be apt to 
receive injury ; nor, on the other hand, should the in¬ 
clination of the Drain be too small, by which the current 
becomes sluggish and stagnant, and the land is not fully 
relieved from water, A similar discretion must be ex¬ 
ercised in tile dimensions of open Drains, as such are 
necessarily varied according to the nnture of the soil, the 
situation, and the quantity of Water to be carried off. 
The width at the bottom of the Drain must be regulated 
by the proportion of water to be discharged; and it may 
be stated aa a general rule, that the width at top should 
be at least three time* greater, to admit of sufficient slope 
and solidity to the sides. Rut in soil and mossy soils 
even a larger slope is requisite ; and wherever the Drain 
is not meant for a fence as wefl as a channel for convey¬ 
ing water, the earthy matters thrown out should not be 
left on the sides to form an elevated bank, but spread on 
the field or altogether removed. In -marshy grounds 
where the Drain is also required to be la fence, the soil, 

* See Elkingtou, Sfodt of Draining, ji. 10, when) the following 
notice is iiwvilvd. 11 Button status that, in the city of Modena and 
fiir ini leu round, whatever part is dug, when we reach the depth of 
nixty-thiee feet, and bore five feet deeper with an auger, the water 
tprings out with such force that the well is filled in a very short 
■}u>ce of time. The water flow* continually, anil neither diminishes 
uor increase* by the train or drought." 

vob. vi. :, 


which should always be thrown out on the lower side, Agriculture, 
should be allowed to remain; and a .small parallel cut ‘ r- -u ' 
may be opened to receive the surface-water irom that 
side, and to conduct it to a convenient place where it may 
be udmilted into the larger Drain. 

In all cases where there is much risk of surface-water Open 
being greatly increased in the time of rain, open Drains Uraius. 
should always be preferred, to avoid the danger of being 
entirely obstructed, a casualty to which covered Drains 
are very liable. Rut as such Drains, constructed in the 
usual way, would disfigure an improved field and inter¬ 
rupt the accustomed operations of tillage, they ought to 
have a greater slope, and a greensward should be per¬ 
mitted to form on their sides. If the direction of the 
ridges be parallel io the Drain the cultivation of the field 
is uninterrupted; and when it is in pasture, it presents 
no obstacle to the free passage of cattle. Rut the farmer 
should remember that whatever may be the slope of such 
Drains, the sides should never be ploughed; ibr any 
increased flow of water in that event would carry off the 
loosened soil. 

When smooth pasture-ground Is Subject to the col lee- j| o! j uw . 
lion of surface-water, the evil maybe remedied by means Imres' 1 
of a sfmple operation with a common plough. Let a * ‘ li ure8 ‘ 
deep furrow be turned up through the hollow parts of 
the field where water stagnates, pare off the earth from 
the inverted sod, leaving it about three inches thick, and 
return it to its natural position. In this way a small 
hollow Drain of three or four inches is left iu the bottom 
of the furrow, which is fomul sufficient to discharge a 
considerable quantity of water. By this easy process a 
great extent of Drain can be executed in a short time ; 
and when auy part is obstructed, it can be repaired at a 
small expense. Lands, again, which ure appropriated 
to woods or plantations, am equally benefited by Drain¬ 
ing as those devoted to the production of corn crops, or 
to the feeding of cuttle. For such grounds, open Drains 
are by far the most suitable; for in covered Diains the 
roots of the trees, stretching along horizontally, insinuate 
themselves among the stones, interrupt at first, and 
finally obstruct the progress of the water. 

The skill of the Drainer is frequently put to the test Drains in a 
when he is called upon to remove the superfluous mois- Hat toil 
lure Irani land which is at once flat and possesses a very w, ' h C J‘*- V, T. 
retentive or clayey soil. The upper layer of earth being su 801 ' 
porousTcadily permits the rain to sink through it while 
the impervious subsoil prevents it from descending fur¬ 
ther, and hence the ridges arc usually saturated with an 
excess of water. Land thus circumstanced is described 
by farmers as being wet-bottomrd. When the field to lie 
Drained has only a slight declination or slope from the sides 
towards the middle, one Drain cut through the porous su¬ 
perficial materials into the clay in the lowest part of the 
ground mav be sufficient to bring oil’the whole of the 
water detained in the porous soil. This effect may like¬ 
wise be greatly promoted by laying out and forming the 
ridges so as to accord with the direction of the laud, and 
by the use of the plough or spade iu removing obstruc¬ 
tions and deepening the furrows. In such situation*, 
where the Drain has been formed in tiiis manner, the 
Water will flow into it through the porous surface-mate¬ 
rials as well as if a number of small trenches wcie cut 
from it to each side, as is the practice in Kssex and some 
other parts of the country; but which is often an 
unnecessary labour and expense. The Drain made in 
the hollow may frequently serve as a division «>l the 
field, iu which case it may be open, but tn other 
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.Agriculture, circumstances it may be more proper to have it 
covered. 

When a field of this description has more than one 
hollow in its surface, it will obviously be requisite to 
have more than one main Drain; but when it is nearly 
level or only inclined slightly to one side, a trench or 
Drain along the lowest part, and the ridges and furrows 
formed accordingly, may be sufficient for effecting its 
Drainage. There may, however, be coses, as where a 
field is large and very fiat, in which some side cuts in the 
principal Drain may be necessary, which must be dug a 
little into the clay, and as narrow as they can be wrought, 
and then filled up with stones or other suitable materials. 
What is called the Esses method of Draining in ploughed, 
springy lands, where the surface soil is tenacious, is 
described by Kent, and consists in substituting small 
under Drains for open furrows; or in some coses having 
a small under Drain beneath every second or every third 
furrow. These Drains lead to side or fence -ditches 
where they discharge themselves 

Draining a Where the clay constitutes the surface and the porous 

cajey sur- j s un derncath,*tbe injurious stagnant water cannot 
possibly get olf without the assistance of Drains formed 
for the purpose. Soils of this nature are Drained with 
difficulty atnl require a much greater number of trenches 
or cuts than those of any other kind, as they must be 
marked out and disposed in such a way as to collect and 
convey the water every where from the surface; be¬ 
cause it can only force itself oft' into them from above, 
being prevented from sinking in through the clay as in 
jsoils of a contrary kind. Where there happen to be 
hollows or irregularities in the surface of the land, water 
may often be observed to continue standing in them at 
a distance of but a few feet from the Drain. In Draining 
such lands it will always tie necessary in the first place 
to make a large or conducting Drain at the lowest part, 
or the end of the field, for the purpose of receiving and 
conveying away the water collected by the smaller col¬ 
lateral cuts which it may be necessary to make on each 
side of it. Where it suits for the purpose of dividing 
the land, this principal Drain may be belter open than 
covered, as by that means the mouths or outlets of the 
different small Drains that come into it may be conve¬ 
niently examined, and cleared out when necessary. 
Construe • The construction of the ridges in such soils so that 
fiou of they may accord with the declivity is a matter which 

riJiCe*. must be carefully kept in view. They should in all such 

cases have a degree of elevation or round ness in the 
middle, sufficient to afford the water a ready fall into the 
furrows, which likewise should have such a depth and 
fell, as may take it quickly into the Drains. The ridges, 
being well laid up, should have small open Drains 
formed in a slanting direction across them in such a 
manner us to form communications with one another and 
With the furrows; by which means they are made to 
perform the office of Drains; the water coming upon the 
ridges being thus readily conveyed into the furrows 
. along which it proceeds, till impeded in its course by the 
ground or other cause; it then passes through the open 
* cross Drains into others where the descent is greater, 
and ultimately into the ditch or other passage at the 
bottom of the enclosure. The elevation of the ridges 
should probably, too, be made greater for the Winter 
than the Summer crops, as there must be much more 
in jurious moisture at the former than the latter season.* 

* Lou>l»n, p. 704. Marshal on Landed Property, awl Dr. An¬ 
derson’s TreeUie on Drnininy, 
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This may be easily accomplished at the time of plough- Agriculture, 
ing the land. 'v«« v — 

Of the different kinds of Drains Used by Agriculturists 
we may mention those which are formed of stone, brick, 
gravel, cinders, wood, spray, straw, turf, and tile. See 
fig. 1 to 13. 

The first of these, or the common rubble Drain, is KahU* 
formed of rough land-stones of any sort, broken so as Ursi11, 
not to exceed two or three inches in diameter. No good ' » 

drainer uses stones six or' eight inches in diameter in 
any Jjart of a rubble Drain, least of all at the bottom. 

The point kept in view is to use sue]} small stones at the 
bottom as may allow the water a great uiany.chunuels; ( 
so that if a few should become impermeable, there should 
be many others remaining. The nearer the bottom of a 
Draimofthis kind approaches to the character of a natural 
bed of gravel, the more certain will be the free passage of 
the water. Gravel or ashes should be laid on the top of 
the stones, on these a thin layer of straw or haulm of any 
kind, and the remainder filled up with the surface soil. 

The brick Drain is formed in a great variety of ways. Brick 
either with common bricks and bats, in imitation of the * )rain ' 
boxed and rubble, or rubble Draining, or of bricks made 
on purpose, of which there is great variety^ 

, The gravel or cinder Drain is sebloni made deep, 
though if the materials be large they may he made of any 
size. In general they are used in grass-lands; the sec¬ 
tion of the Drain being an acutc-migled triangle, and 
the materials being filled in, the smallest uppermost, 
nearly to the surface of the ground. 

The wood Drain is of various kinds. A very sufficient "* 
and durable construction consists of poles or young fir- Uram ‘ 
trees stripped of their branches, and laid in the bottom 
of the Drain lengthways. They are theu covered with the 
branches and spray. Another form is that oflitling the 
Drain with faggot-wood with some straw over. A variety 
of this mode is formed by first setting in cross-stakes to 
prevent the faggots front sinking; but they arc of no 
great use, and often occasion such Drains to fail sooner 
thhn common faggot Drains. In some varieties of this 
Drain, brushwood is first laid down at its side, and 
formed by willow or other ties into a continuous cable of 
ten or twelve inches in diameter, and then rolled in ; 
which is said to constitute an excellent Drain with the 
least quantity of materials, and to last a longer time 
than any of the modes above mentioned. Some cut tire 
brushwood into lengths of three or four fifrt, and place 
them in a sloping direction, with the root end of the 
branch in the bottom of the Drain. Others throw in the 
branches at random with little preparation and cover 
them with spray, straw, or rushes, and finally the sur¬ 
face soil. 

Tire rpray Drain is generally, like the gravel Drain, Spray 
of small size, and formed like it with an acute-angled Drain, 
bottom. In general the spiray is trodden firmly in; 
though in some caws it is’previously formed into a cable, 
as in the brush-wood Drain. Drains of this sort ore 
much in use in grass-lands, and when the spray of larch 
wood, heath, or ling can be got, they arc of great, 
durability. • 

The riraw Drain, where reeds, rushes, and bean-straw Straw 
nre used, is sometimes made like the spray Drain, by Drain, 
pressing the loose materials down or forming a cable ; 
but in general the straw is twisted into ropes as big as a 
man's leg, by the a id of a machine, and three or more of 
these are laid in the bottom of a triangular Drain, with or 
w Uhout (he protection of three turfs; where some sorts 
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.Agriculture, of moss, as sphagnum or lycopodium, can be got, these 

'“■"V"-' Drains are of very great durability. 

Tin 1'Drain Tile turf Drain may be made of any convenient 

depth, hut it must be at least the breadth of a turf at 
bottom: The Drain being dug out, as if it were to be 
filled with stones or any ordinary material, the operator 
•next, with a spade three inches wide, digs a narrow 
channel along its centre, clearing it out with the Draining 
Bcoop; and over this the turfs arc laid without any other 
preparation or any thing put over them, but the earth 
that was excavated, Tnis is found to be very cheap, 
and, considering th^ materials, a surprisingly durable 
, method of-Draining; answering in pasture-fields espe¬ 
cially all the purposes that the farmer can expect to 
derive from Drains constructed with more labour and at 
a much greater expense. Th^y arc said frequently to 
last twenty years and upwards; but the period during 
which they will continue to prove effectual, must de¬ 
pend on the nature of the soil and the current of water. 

m Cheshire. A mode of turf Draining used in Cheshire is described 
as follows : the surface of the ground, in which the Drain 
is inieuded to be cut, is marked out in parallelograms- 
aliout the size of bricks on one side, while the opposite 
side to the wglth of nine inches, or that of a common 
soil, is left unbroken. These sods are taken out at a 
spade’s depth, and laid carefully by the side of the Drain 
for covers. The other sods, resembling bricks in their 
size and shape, arc then dug, and laid parefully on the 
same side as the sods intended for covers. The Drain is 
then sunk to the proper depth, and the stuff taken out 
is thrown to the other side. The bottom is levelled with 
proper draught for the water, and set with the sods like 
bricks, two in height on each side ; these are covered 
with the larger sods set obliquely, the grassy sides being 
turned downwards. 

Vr'dlgo The wedge Drain is constructed as follows. When 

Drain. the line of Drain is marked out, a sod is cm in the form 
of a wedge, the grass side being the narrowest, and the 
sods being from twelve to eighteen inches in length. 
The. Drain is then cut to the depth required, but is con¬ 
tracted to a very narrow bottom. The sods are then set 
in with the grass sides downwards, and pressed as far as 
they will go. As tiic figure of the Drain does not suffer 
them to go to the bottom, a cavity is left, which serves 
as a water-course; and the space above is filled with 
the earth thrown out. The work is performed by means 
of three spndfts of different sizes. The first may be a com¬ 
mon spade of moderate breadth with which the surface 
clay may lie taken off to the depth of eight or ten inches, 
or not quite so much if the clay bo very strong. The 
breadth of the Drain at top may be from a foot to 
fifteen inches j but it never should be less than a foot, 
as it is an advantage that the sides should have a con¬ 
siderable slope; and the two sides should slope as 
equally as possible. Another workman follows the first 
with a spade six inches broad at the top, and becoming 
narrdvver towards the point, at which it should not exceed 
four inches; The length of the plate of this second 
spade should be fourteen indies, and with it a depth of 
a foot or fourteen inches can easily be gained, A third 
workman, and 1 he should be the most expert, succeeds 
the second, and his spade should be four inches broad 
at top, only two inches broad at the point, and four¬ 
teen or fifteen inches in length. With this spade a 
good workman can take out at least fifteen inches of 
clay. • A sort of hoe or scoop, made of a plate of iron, 
formed nearly into the shape of a half cylinder of two 


inches diameter, and a foot or fourteen inches long, Agriculture 
and fastened at an acute angle of perhaps 7u' J u> a long s —v*"*”' 
wooden handle, is now employed to scrape out the 
bottom of the Drain, and remove any small pieces of 
clay that may have fallen into it. The grassy side of the 
turfs being turned undermost, they are put down into 
the Drain, the workman standing upon them after they 
are put in, and pressing them down with his whole 
weight till they are firmly wedged between the sloping 
sides of the Drain. The ends of the turfs being cut 
somewhat, obliquely, they overlap each other a little; and 
by this means, although there is a sufficient opening 
for the surface-water to get down, nothing else can find 
its way. The open space below the turfs ought to be 
five or six inches in depth, three inches wide at top, 
and an inch and a hajf or two inchest at bottom.* 

The author of the abova communication remarks, 
that wherever' sufficient attention has been paid to keep 
the ditches at the ends of the field clear, so as not to 
choke up the mouths of the Drains, (a point of great 
consequence,) they appear to have succeeded very well, 
and be feels confident that wherevei*thc soil is filled for 
the purpose, the work properly executed, the Drains of 
a sufficient depth, and no improper treatment or neglect 
on the part of the fanner, these Drains will answer the 
most sanguine, expectations. He thinks that they should 
never be less than three feet deep, otherwise they are apt 
to give way, either from moles getting down into them 
in very dry weather, or from the feet of the horses em¬ 
ployed in ploughing, when the ground is wet, sinking 
so far as to injure the turf. 

The earth Drain, called also the day-pipe Drain, is Earth 
better calculated for the purpose of conveyed water al- Dram, 
ready collected than for drying the soil. A Drain is dug 
to the necessary depth, narrow at Ixittom, in which is laid 
a smooth tree or a cylindrical pieee of wood, ten or 
twelve feet long, six inches A diameter at tlie one end 
and five at the other, having a ring fastened in the 
thickest end. After strewing a little sand upon the 
upper side of the tree, the cloy or toughest part of the 
contents of the trench is first thrown in upon it, and 
then the remainder, which is firmly trodden down. By 
means of the ring and a rope through it, the tree is 
drawn out to within a foot or two of the small or binder 
end, and the same operation repeated. A gentleman 
who has tried this experiment says, that this clay-pipe 
hes conducted a small rill of water a considerable way 
underground, for more than twenty yenrs, without any 
sign of tailing'. Pi|* Drains of turf are sometimes 
formed where the surface soil is a strong clay, us it is 
only turfs from such a surface that arc sufficiently dura¬ 
ble. A semicylindrieul spade is used to dig the turfs, 
and hence the turfs themselves resemble a hollow cylinder 
divided in two. The Drains being dug to the proper 
depth, one turf is laid in the bottom of it, wild another 
being placed over, completes the pipe or conduit. The 
same sort of pipe Drain has been formed out of solid 
beds of clay, and has also served lor a time to convoy 
Water. 

The file Drain is used in flat, clayey soils where '■tones T.Ie Drain, 
are scarce, and where the. declivity is small. The tde 
fabricated for this purpose is much more concave than 
that used for roofing houses, resembling, indeed, the 
form of a sugar-loaf or obliise roue; and the price, 
according to the size, varies from twenty-four .■.billings 

* Tmntnctioni of Highland Isx'v !y, w>I. ' >■ F- 
K 2 
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Agriculture, to £3 tlic thousand. Tn laying out the line of Drains, 
where it is intended to cut off springs, the itstuil sys¬ 
tem is followed. Where the removal of surface-water 
is the object in view, the natural inequalities, or in¬ 
dentations on the tiice of the field, are carefully ex¬ 
amined, so us to attain the eml with as few Drains aud 
with as much effect as possible. Where very stiff clay 
exists, a Drain even in every furrow, or division of ridges, 
has been resorted to with much success, and the expense 
is not so great as might appear at first sight. In other 
cases, where, the soil is of u damp, retentive nnturc, 
where the surface is flat and incumbent on a stiff clay, 
in which there are no springs, main Drains may lie run 
in the lowest parts uf the lund to be dried, and smaller 
Drains connected with these, running parallel to each 
other at stated distances. This mode, when properly 
• executed, answers the purpose in view remarkably well. 

’Hie Dram- Jo tlie Transaction * of the. Highland Society there is 

j"K ®* ^ 1111 accoul,t given of this mode of Draining as practised 
ier ^ on the estate of Netherby in Cumberland. The deepness 
has always been suited to the object in view; Drains 
for springs in tnanj cases have been very deep, so as 
to cut through the substratum containing the water, 
whether that has been gravel or sand; surface Drainage 
for (wo feet and a half to four feet and a half deep. In 
all cases (he Drains arc cut as narrow as a man cun 
conveniently work in them, decreasing in width as they 
approach the bottom. The tools used arc the common 
spade, shovel, and pick, or the round-monthed spades 
used in forming canals, which in Cumberland are known 
by the name of navigation Spades., The Drains being 
cut to (he required depth, with all the top-soil laid on one 
side, and nil the subsoil thrown out on the other, a 
narrow-mouthed spade, technically called a spit, corre¬ 
sponding to the breadth of the tile to be used, is then in¬ 
troduced ; and with this instrument a bed for the course 
of the tile is neatly and carefully excavated, the strictest 
attention being paid to preserve a fair equality in the 
bottom, and a regular descent for the water; while a 
frequent use of the spirit-level is most commonly indis¬ 
pensable. But the mode of procedure will be distinctly 
comprehended by referring to fig. 14. 

“ A. the Drain cut to any required depth. B, the 
space for the Draining-tile. C, a bit of slate or broken 
tile, on which the tiles rest at their joinings; a precau¬ 
tion which may be omitted where the bottom is a very 
stiff clay. D, a clean-cut, green turf, the grass side 
next the tile, and clapped carefully over it, to prevent the 
tile from receiving any damage. E, E, the surface soil, 
cut out of the top of the Drain, and put above the turf. 
The remainder of the Drain is filled up, if wished, by 
the subsoil excavated, or what is more general, this soil 
is spread on the adjoining ridges, and the sides of the 
Drain are then sloped in by the sp&de. Straw, furze, 
or smail brushwood, are sometimes placed next the tiles, 
but a clean good turf is preferable. It has in some few 
cases been the practice at Netherby, when the Drains 
happened to be very near the river, and carriage of 
course not expensive, immediately after the tiles were 
placed, to fill up the Drain with the clean blue stones from 
the bed of the Esk. which are here very small, to as great 
n depth as was thought necessary, and then to finish off' 
the Drain in the usual way of closing stone Drains. This 
probably makes tlie best of all Drains; but with tiles 
alone the result has been most gratifying on all the varie¬ 
ties of soil mentioned, where the Drains are carefully 
executed. It has been customary here to use the auger 


where tlie tapping of springs was thought neces- Agriculture, 
sary.”* , „ “ 

Expense of Draining hy three-inch tiles. Kxpvnse. 

. - l*pr rood of SI feet. 

Cutting the Drain, say on average 2 fret 9 inches 
ilrep, laying the tiles on slate or refuse Silt, 
cutting and laying a turf over the tile, reversing 

the surface-soil, anil covering in .... , Q». 4<f. 

Tiles. 21 to the rood, Say at the price paid at Netherby 

- for three-inch tile*, 2tr. per thousand. 0 6$ 

Carriage of tile*, average distance three miles, three 
lend* a day, a enrt carrying 250, and at 5». per 

dsy for horse aud cart... 0 1} 

Refuse slate, broken tile, and carriage.. 0 0$ 

rood 1 01 

Calculating in (lie same way, it is found that the ex¬ 
pense .of Draining by jonr-inch tiles amounts to one 
shilling and three-pence halfpenny the root! of twenty-one 
feet; ami that a similar process with tiles six inches in 
the span will cost one shilling and five pence farthing per 
rood ; the cutting in these cases being from four feet and 
a half to five feet in depth. But it is added that the 
three-inch tiles arc decidedly the most useful for ordi¬ 
nary purposes. The four-inch tiles are able to discharge 
a very considerable quantity of water. «The six-inch 
tiles, unless the spring is very strong, or the Drains of 
great length, arc not so much used ns the two lust sorts; 
while eight-inch tiles are seldom or never necessary, 
unless in very particular situations. 

This mode of Draining answers uncommonly well in Advan- 
the clay lauds of Essex, where the soil is firm ami rcten- '“S** 
live, and where the superfluous moisture does not i*snc 
from below, as in more porous grounds. We ourselves 
are acquainted with a district on the hanks of a large 
river, where the common method of Draining cannot lie 
rendered available owing to the low level of the fields, 
which has been much improved in its productive quali¬ 
ties by tlie use of tile Draining. A small channel is con¬ 
structed in every furrow, supplied with this artificial 
conduit, and covered to tlie depth of fifteen or eighteen 
inches with earth, so as to protect it from the feet of the 
horses when engaged in ploughing. If the tile be made 
of proper clay ana well burnt, it is found to Inst many 
years ; and it is acknowledged by the fanners who have 
had recourse to this expedient, that their crops ore so 
much benefited by it, that they could afford to repeat 
the operation every three or four years. 

There is a method of pipe Draining wlficlt takes its p ears(H .« s 
name front Mr. Pearson, and has been described in pipe D.aio. 
several publications, more especially in the XLVIIlh 
volume of the Transactions of the. Society of Art*. The 
ground is first opened by means of a plough, having 
what is called a horn share. With four horses, a furrow 
nine or ten inches deep by ten inches in width is raised 
or taken out. The horns are then removed, the coul¬ 
ters added, and eight horses attached. This cuts the 
soil to an additional depth of ten inches, and it is imme¬ 
diately removed witlt narrow tfpadcs, and larger or 
smaller Draining scnojis, os may be required. A second 
pair of coulters cuts the soil to the intended depth, in 
which case also*the earth is taken out by the scoops. 

The total depth is now about twenty-six inches, the 
width st top ten inches, and at bottom about one inch. 

A slide Is then dropped to the bottom of the Drain, com¬ 
mencing at its lowest level so as to work up hill. A 
windjass is next placed at the full, length of the rope 

* llighlauil Society Rssayo in Quarterly Journal of Agriculture. 

No. 6. p.399, 
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Agriculture which is attached to the slide. Clay is next rammed 
v-w firmly down on the slide with a heavy rammer, to the 
depth of three or four inches, and the slide is next 
pulled forward; leaving a cylindrical Draiu, three or tour 
_ inches in diameter, according to that of the slide. 

Its nppli- This is, in effect, the same as that described nbove 
cation. under the denomination of, the earth or clay pijfe Drain; 

the mode of forming the excavation and the conduit being 
alone different. It is obvious, at the same time, that 
the efficacy- of this, as well as of the former, depends 
entirely on the nature of the soil, and the source of*the 
moisture which it is the object of either to remove. 

, Surface-moisture is excluded by the very structure of 
the Drain ; fo/no sooner should it penetrate the clay 
than the tube would collapse or crumble down. But 
if the intention of the farmer extends no further than to 
convey water already collected on some particular spot 
to a rivulet or main Drain, the contrivance of Mr. Pear¬ 
son will be found to realize liis views at less expense 
than any other. 

IV heel The u hnl Drain is the last we shall mention, which. 

Dram. though like sonjc of the others limited in its application 
to particular kinds of land, is yet too ingenious to be passed 
over without u«tice. It is accomplished by means of a 
Draining-wheel of cast iron, weighingabout four hundred 
weight. It is four feet in diameter; the cutting-edge 
or extremity of the circumference of the wheel is half an 
inch thick, and increases in thickness towards the centre. 
At fifteen inches deep it will cut a Drain half an inch 
wide at the bottom, and four inches wide at the top. 
The wheel is so placed in a frame that it may be loaded 
at pleasure, and made to' operate to a greater or less 
depth, according to the resistance made by the ground. 
It is used in Winter when the soil is soft; and the 
wheel tracts arc either immediately filled with straw 
ropes, and’lightly covered over with earth, or they are 
left to crack wider and deeper till the ensuing Summer; 
after which the fissures are filled with ropes of straw or 
of twisted twigs, and lightly covered with the most 
porous earth that is at hand. In this way, upon grass 
or ley lands, hollow Drains, which answer extremely 
well, arc formed at a trifling expense. It is said that 
twelve acres may be fully gone over with this Draining- 
wheel in one day, so as to make cuts at all necessary 
distances.* 

Kiilges. These resources of Art are found availing in a great 
number of cllses, and have contributed much to the 
improvement of land which otherwise would have been 
of very little value. Still, in many instances where the 
surface is flat, and the soil of a stiff and retentive nature, 
all attempts to free the ground from injurious moisture 
by means of covered Drains have proved utterly ineffec¬ 
tual. In most of the central Counties of England, and 
in the level plains of Flanders, the land is relieved from 
surfacc-water.by forming high and broad ridges of Jwenty. 
thirty, and even forty feet wide, and having the centre 
three or four feet more elevated than the furrows. The 
bctieficial effects of this method of Draining arc fully 
confirmed by the successful practice of the Flemings; 
for when furrows are kept free from watef, the fields are 
always dry, and the crops abundant and healthy. But 
in some parts of England, from the improper direction 
and flatness of the ridges, ns well as the shallowness of 
the furrows, these good effects have not been obtained; 
for the water, stagnated in all the hollow places, and 

• -IgricvtlMrul Rtfjur! of tht Ct/mly of Etnx. London, i*. 710. 


rendering them useless, has not only brought some Agriculture, 
degree of discredit on the method itself, but has also led 
to the adoption of other less perfect methods of Draining. 

The indiscriminate formation of high ridges has been 
justly censured, for in a dry or loamy soil they are both 
unnecessary and pernicious; but when they are well 
rounded, not too much raised, and the. furrows kept 
clear, they afford the most efficacious means of rendering 
perfectly dry many fine breadths of laud which could not 
otherwise be kept under tillage. 

A device for relieving a retentive soil from water by Draining in 
means of surface-draining, as it is practised in the Carso tiietWuf 
of Gowrie in Perthshire, seems worthy of being recorded <*«««• 
in this place, more especially as it is the only method 
employed in that ricli and extensive district. Large 
common Drains, traversing the farm iu different direc¬ 
tions, and of sufficient capacity to receive the water con¬ 
ducted from the fields by the surrounding ditches, 
discharge their contents into the river Tay. Every fai nt 
is surrounded or traversed by ditches, so as to suit the 
particular situation, all of which are so directed and 
arranged as to form a communication with every field 
belonging to it. The breadth of these ditches is from 
two to four feet at top, and from a foot to a foot and a 
half at bottom, and-with such a stop as to prevent their 
sides from falling in. If the fields be of a uniform level 
surface, the common furrows between the ridges, pro¬ 
vided they have sufficient depth at their extremities, 
serve to carry off the redundant water. But in a field 
of unequal surface, the last operation, after the sowing 
and harrowing are completed, is to draw a furrow with 
the plough through all the hollows which lie in such a 
direction that it can be guided through them, and thus 
form a free communication with any of the furrows 
between the ridges, which last net as conductors of the 
water to the surrounding ditches. When this furrow is 
formed by the plough, it is widened, cleared out, and 
dressed with the spade, that the risk of filling up may 
be avoided. The width is from six inches to a foot 
according to the depth; but the breadth of a spade at 
bottom is generally found sufficient. It often happens , 
that hollows or inequalities do not extend across the 
whole field, or pass through it in any direction to be 
followed by a plough, but arc limited to one or two 
ridges; in which case the cut must be performed with 
the spade, and a communication effected with the nearest 
furrow. 

In the same part of the country, it is still the general Hra.1- 
practice to have head-ridges at two extremities of the ridges, 
field, on which the horses turn in the process of plough¬ 
ing. These are raised considerably in the middle, and 
slope down to a deep furrow on either side ; and fence 
the inner furrow, communicating with those of all the 
longitudinal ridges, receives their surface-water, and 
discharges it by an open Drain, cut through the trans¬ 
verse or head-ridges just described, into the adjoining 
ditches. But it being discovered that the water parses 
off more freely when no transverse ridge is formed, u 
practice has been adopted of laying the earth uniformly 
to the ends of the longitudinal ridges, an operation 
which is accomplished by returning on one side with an 
"empty plough. In this way the depression between the 
longitudinal and transverse ridges is avoided, the longi¬ 
tudinal furrow being carried completely through the 
head ridge. Besides this advantage, it has been found, 
after a long experience, and the trial of different other 
methods, that, by careful ploughing, laying up the land 
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Apiculture, equally, and rounding the ridges so skilfully that they 
shall be neither too high nor too lour, all the surface- 
water is easily removed; and while the summits are not' 
unduly enriched nor the farrows impoverished, the 
whole becomes equally dry and fertile.* 

Tools. The tools peculiar to Draining ore chiefly of the spade 

Draining kind. The Draining- scoop, already mentioned, is a 
scoop. crooked instrument made use In some cases for clearing 
out the loose materials from the bottoms of Drains. It 
is formed of different sires and breadths, according to 
the dimensions of the Drains; and in working, it is drawn 
or pushed along the bottom. Sec fig. 15. 

Shovel. The Draining shovel is another kind of tool employed 
for nearly the same purpose as the scoop now described. 
It is made with a bent or crooked handle; the edge of the 
plate being turned up so as to prevent the fragments of 
t earth or clay from falling off when lifted from the bottom 

of the Drain. See fig. 16. 

Sod knife. The Draining sod knife is an implement employed with 
great benefit in scoring or cutting out the sward, in the 
initiatory process of forming a Drain. Its figure indicates 
that it cuts like the Coulter of a plough, placed horizon¬ 
tally, or after the fashion of a Turkish sabre. Sec fig. 17. 
Sjratles. Draining spadi x are of different sizes in breadth as 
well as in length, so ns to follow each other, and eut 
the Drains narrower and narrower as they approach the 
bottom. An upper and a pointed Draining spade are 
in general use; die one for beginning, the other for com¬ 
pleting the work, while one constructed entirely of wood 
is found to answer very well in peat soils. See fig. 18. 
Straw- The Draining straw-twisting machine is of a very 
twister. simple construction, is easily removed, and is very useful 

for forming straw into ropes for filling Drains- It con¬ 
sists of a small wheel, the prolonged axis or spindle of 
which terminates in a hook on which the rope, is com¬ 
menced. It is commonly fixed to a portable stand, but 
is sometimes attached to a threshing machine. Besides • 
the use already stated in reference to Drains, it is found 
extremely convenient for spinhing ropes of straw, rushes, 
or hay, to be employed in fastening the thatch or stacks, 
or ricks in the barn-yard. See fig. 18. 

Irrigation . 

Keecsiity. The fertilizing effect of water is one of those natural 
phenomena which force themselves on the observation 
of mankind. It is seen, at the first glance, to be abso¬ 
lutely essential to vegetable life. In those climates 
in which evaporation is the greatest. Nature has generally 
provided the most plentiful supply of this fluid in rains 
and dews. But the rains, in many cases, occurring 
only at particular seasons of the year, nre insufficient for 
the nourishment of plants during the remainder; and, 
hence, the art of the Irrigator becomes necessary to 
meet this want, and to secure the means of a more per¬ 
manent fertility. Without the systematic conveyance 
and distribution of water, some of die richest'Countries in 
the World could not have supported their inhabitants, 
and the* earliest husbandmen, accordingly, must have 
known and practised the cultivation of land by means 
Antiquity, of Irrigation. The author of the Book of Ecclesiastes 
informs us that he “ made gardens and orchards, and 
planted trees in them of all kind of fruits; and that he 
made pools of water to water therewith the wood that 

* Ktkingfon, Mode «/ Draining, p. 172. Appendix on Hollow 
Utauiiug by Mr. Johnstone, tlw editor of liis book. 
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bringeth forth tire trees.” In Egypt, where tire regular Agriculture- 
inundation of the Nile soon taught the natives the value 
of this Art, we find it practised on a scale of great mag- Egyptian, 
nitude; and hence the canals and vast lakes excavated 
by that celebrated people are more praiseworthy monu¬ 
ments of their genius than alt the Temples and Pyramids . 
with which they have covered a large portion of their 
Country. From the valley of the Nile, it is believed, 

Ihe knowledge of Irrigation waB extended to the nations 
of Europe. The Greeks and Romans, it is. manifest, Greek ami 
were?.well acquainted with it; and the Agricultural Rom<m - 
writings of the latter, accordingly, ^re found to contain 
many allusions to the benefits arising from the watering 
of land. Rice, which furnishes food to d great part of 
the human race, could not, as .is well known, be culti¬ 
vated .without a constant supply of water collected by 
Art; and tlterefaro over*the vast regions of Central and 
Southern Asia, the Irrigation of the soil from rivers, Asiatic, 
brooks, tanks, and wells, is a labour quite indispensable 
to the maintenance of a crowded population. Even in 
the more Southern Countries of Europe this Art is more European, 
or less practised ; water being conveyed in little chan¬ 
nels to the corn-fields, vineyards, ami olive plantations. 

The mode of conducting it from the rings and canals, 
and the measuring it out indeterminate quantities, ac¬ 
cording to the wauls of the soil, and the nature of the 
crop, forms in several districts of Italy a nice pert of the 
Science of engineering. ■ In Piedmont and the whole 
valley of the Po, Ihe water is frequently paid for by the. 
hour, and the utmost care is shown in economizing so 
precious a commodity. 

The main object of Irrigation, however, in all the Objects 
intcrtropical climates, and even iti the warmer parts of the 
temperate zones, seems to be merely to convey to the 
earth that quantity of water which is necessary for the 
growth and nourishment of the particular plants which it 
is the object of the husbandman to raise. Sometimes, 
as in the case of rice, the land must be saturated for 
successive months, and, in other circumstances it is 
enough if*it be merely watered at intervals, during the 
periods of greatest evaporation. In all these cases, 
indeed, the main purpose is the same, namely, to supply 
tlie deficiency of water in the soil; and this creates u 
remarkable distinction between the Irrigation of the 
tropics, and that to which we apply the term in Eng- in E-iglumf. 
land, with relation either to our watered meadows, <-r 
the process which in some districts of tluf* Kingdom is 
technically called warping. As to the former of these 
it is perfectly certain that the object is not to provide 
against a want of moisture in the soil, for the water is 
conveyed over lire surface at that period of the year, the 
months of Winter, when there is an excess rather than a 
deficiency of the aqueous fluid in the earth. Nay, it is 
held necessary in every well-formed meadow, to drain 
die ground very thoroughly of all subterraneous water. 

Nor is* this the only distinction between the two kinds 
of Irrigation. In the one, the water is generally allowed 
to stagaate until it shall have saturated the soil; in the 
other, it is never allowed to stagnate, but is maintained 
in a constant flow over the Ruriace. 

The theory of this curious process bos not yet lreen Uncertainty 
satisfactorily explained. That the effect is not pro- °f ,w 
ducted by the mere supply of deficient water appears, 
as we have just remarked, not only from the period at 
which the water is .admitted, when in our climate the 
ground is saturated with moisture, but also from the 
fact that the (effect is produced by the current being 
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Agriculture. kejrt constantly running over the meadow, and not 
\—y-w by being allowed to stagnate and sink down into the 
noil. When the water is suffered > to stagnate, there are 
produced carters, jvnei, and other plants of an aquatic 
nature; but when it is kept in motion and drained off 
at intervals, there shoot forth' the finest,gra*ses peculiar 
to the soil and climate. Neither does the fact of the 
deposition of mud explain the phenomenon in question, 
for, however much such depositions may increase the 
effect, it is found that water likewise, without the least 
perceptible sediment, may be employed with /great 
benefit. Jt has bgen supposed that the water acts 
favourably by maintaining the soil at a higher tempera¬ 
ture than it yftiuld retain if exposed to the direct action 
of the atmosphere. Much, however, cannot be useribed 
to this cause in a current so^shallow and constant as 
that which passes over the watered meadow. It has, 
therefore, been suggested that the muin effect is pro¬ 
duced by some Mechanical or Chemical agency, in a 
mariner still unknown to ns, on the plants or the soil. 
In these circumstances of doubt arid ignorance all that 
the irrigator - is culled to do, is to murk carefully the 
effects which are produced, according to the variations 
of his pructiqp, to admit the water at the time and for 
the periods which experience points out rs the best, to 
maintain it in a current, and rtol in a stagnant state ; 
and above all, to attend to the rules and precautions 
which the most enlightened usage has recommended. 
Necessity of We may, therefore, rest satisfied with this practical 
ciicntiice. conclusion, that as land may be injured by an excess of 
moisture, so may it, in certain circumstances, as ex¬ 
perience has proved, be found deficient in its productive 
qualities from the absence of a due proportion of it. In 
all Countries Southward of the forty-fifth degree of 
latitude, the study of the luudholdcr, as has been already 
remarked, is more frequently directed to the means of 
procuring aqueous nourishment to his plants than in 
conveying away, by drains, the superabundant supply 
by w liich the British Agriculturist is almost constantly 
annoyed. The success of the former (luring the hot 
season of the year, dejn-uds iu no small degree on the 
command which he possesses of lakes or rivulets by 
means of which he may irrigate his parched fields, and 
restore life to his decaying crops. In this Country the 
various processes of Irrigation are applied chiefly to the 
improvement of pasture lands, but there are situations 
also where £ deposition of earthy matter from the water 
of a river is esteemed useful for fertilizing a sandy soil; 
on wliich account we shall treat the subject generally as 
applicable to -both these departments of Agricultural 
economy, tillage and the feeding of cattle in the field or 
in the stall. 

Quality of The quality of the water fittest for this purpose must 
•die water, lie-tried by experiment, for it is obvious that the benefit is 
not derived simply from an increase of moisture, but 
more especially, us lias been suggested, from the Chemical 
properties of tile fluid as coo[>eratitig with those of the 
soil on which it is spread. Let a smnll portion of laud 
be fluaied for a mouth ubout the latter eud of harvest, 
and afterwards fir a week or two about the beginning of 
Spring. The effects of this easy experiment will appear 
on the crop, both in respect of quality and qunntity, 
while the temperature of the water may be determined 
by its power of resisting early frosts, a consideration of' 
no small consequence in this mode of improving land. 
The appearance of the water is not of itself sufficient to 
afford a criterion of its properties. Thick muddy rivers, 


enriched in their passage through large towns, will be Agriculture, 
found to reward the labour of the husbandman; while 
clear Alpine streams, on the other hand, will chiu’mstcad 
of fertilizing the soil on which they are detained. With 
regard to those waters, again, which are known to flow 
through beds of ntarl, there is reason to believe that 
much advantage may be gained from the use of them, 
in producing a sweet and rich verdure the most valuable 
for pasturage. Warm rivulets, conlnjnitig a great quan¬ 
tity of spring water, and resisting early frosts, may be 
expected to have the same beneficial tendency. But 
mossy waters, darkened by the tincture of peat bogs, arc 
very unpromising for the purposes of Irrigation ; though 
it may be right iu some cases to give them a trial, for if 
impregnated witii marl, or spread upon grounds abound¬ 
ing with calcareous ingredients, they will be productive 
of certain benefit.* • ' . 

It is observed by Sir H. Davy, that common river sir H. 
water generally contains a certain portion of organizabU* levy's re- 
matter, which is much greater after rains than at other inarks - 
times; and which exists in the largest quantity when 
the stream arises in a cultivated coltntry. But even in 
eases in which (he wgter used for flooding pasture lands 
is pure, and free from animal or vegetable substances, it 
acts by causing the more equal diffusion of nutritive 
matter existing in the land; and in very cold seasons 
it preserves the tender roots and leaves of the grass from 
being affected by the frost. Water is of a greater spe¬ 
cific gravity at 42° of Fahrenheit's scale than at 32°, the 
freezing point; and hence, in a meadow Irrigated dur¬ 
ing Winter, the water immediately in contact with the 
grass is rarely below 40°, a degree of temperature not 
at all prejudicial to the living organs of plants. “ In 
1804,” says he, “ in the month of March, 1 examined the 
temperature in a water-meadow, near Ilungcrford, in 
Berkshire, by a very delicate thermometer. The tem¬ 
perature of the air at seven in the morning was 29°. 

The water was frozen above the grass. The tempera¬ 
ture of the soil below the water iu which the roots of the 
grass were fixed was 43°.” In general, it is added, 
those waters which breed the best fish a re'the best fitted 
for Irrigation. It is, however, a general principle, that 
waters containing ferruginous impregnations, though 
possessed of fertilizing effects when applied to a calca¬ 
reous soil, are injurious on such os do not effctvescc 
with acids ; and that calcareous water, which is known 
by the earthy deposits it affords when boiled, is of much 
use on silicious lauds, or other soils not containing any 
remarkable quantity of carbonate of linic.f 

To pursue the subject a little more systematically, 
we shall consider the effects of Irrigation,,/?^ as it ap¬ 
plies to corn lands, and necondly, as it respects those 
which are used for pasture, as well as for raising crops 
of hay. 

1. The process, as applicable to the former, is com- Irrigation 
manly called warping, a provincial term, the meaning on cw! ‘ 
of which will be best explained by the description which . 
follows. In some districts it is jastly considered us one ’ J 1 
of the principal means of improvement, adding u> the 
value and thickness of the sod every time it is repeated. 

In fact, a new soil is artificially created by tiic o|>crntioii 
in question, and generally one much superior in qualify 
to the surface which it is brought to cover. It is not 
indeed in every situation tiiat warping can lx- used, but 

* Browu an Kura/ Affaire, vul. li. p. -tij. 

f Agricultural Cliemulry, p. 31S. 
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Agriculture. wherever it is practicable it. ought to be employed, if the 
land be not already saturated with the elements of ferti¬ 
lity. The expense, it must be obvious, will vary accord¬ 
ing to circumstances, but even when at the greatest, it 
la not to be compared to the immense benefit which is 
thereby conferred upon thin and hungry soils. 

Originated It was in Yorkshire that warping originated, and 
in York- there it is still carried on to a great extent, especially on 
the banks of the Quse and of the Humber. The former 
of these rivers, from the circumstance of receiving into 
its lied most of the streams which intersect the Southern 
parts of'that County, is constantly stored with all sorts 
of alluvial matter 5 and being kept in motion by the 
tide which flows several miles above York, the floating 
earths are not allowed to deposit themselves, but are 
conveyed by the process of warping over the adjoining 
• grounds, which fur the mdst .part ure flat and easily 

Best flooded. Of all others, low land is tile most capable of 

adapted to being improved in this manner; and while it is enriched 
iow lauds. so s i, n pi e an expedient, no injury is inflicted upon 
such farms as arc placed beyond the reach of the benefit. 
Fittest sea- June, July, aud August arc considered to be the 
sons, best months for warping, on account of their being ge¬ 
nerally the driest months in the year; though land may 
be warped at any season, provided the weather be not 
wet, nor the fresh water in the river very low. When 
the season is wet, and the .rivers full, the operation of 
warping cannot be conveniently executed, as the fresh 
water, mixing with the tide, dilutes .the current to a 
great degree, and consequently renders it incapable of 
depositing the same quantity of sediment upon the land 
as fakes place when the process is performed in fine 
weather; neither is the water got .so readily Off the irri¬ 
gated grounds. There is no advantage in warping land 
in the Spring, in preference to the Summer, as no crop 
can be obtained the year this expedient Is adopted ; 
for the sediment must l?ave time to consolidate and 
dry before the ground can be cultivated with any pros¬ 
pect of doing good. Warped land is supposed to be 
well calculated for producing potatoes, immense crops of 
that valuable root being raised on soils so managed, 
though nalurally of a very inferior order. 

Strict tfefi- From what hap been stated, it will lie understood that 
niuou. warp consists of the mud and salts left by the water on 
thfe surface of the fields which have been flooded ; and 
that the technical expression warping comprehends ail 
the processes necessary to admit the, tide water, and to 
secure the deposit of its sediment upon the laud meant 
to be improved-. The letting in of fresh water would 
not be called warping, but simply flooding. Fresh 
water, though useful at proper seasons, would by no 
means answer the same purpose as river water stirred 
Up by (be tide ; because it never could furnish a suffi¬ 
cient sediment for thickening the soil; neither would 
.the sediment be of so rich a nature as what is furnished 
by tide water. 

Mode of A complete detail of the different operations in the 
operation, process of warping is given in the Agricultural Survey 
of the IFest Riding of Yorkthire, FrOm that Work it 
appears that the land to be warped must be banked 
against the river whence the supply of water is derived. 
The banks are commonly made of earth taken on the 
spof, are constructed in a sloping form, and are raised 
to such a height as to regulate the admission of water 
at the spring-tides. The openings are more or less 
numerous, according to the extent of the land to be 
warped; but in general there are only two sluices, the 


one called Hut food-gate, the other the clough; the ob- Agricnl 
jeet of the first being to admit, while that of the last is 
to let off the wafer gently, during the rise and fall of the 
tide in the river. When the spring-tide begins to ebb, 
the flood-gate is opened to admit the current, the clough 
having been previously shut* by the weight of water 
brought up the river by the flow. As the tide ebbs 
down the river, the weight or pressure of water being 
taken from the outside of the cloiigh next the bank, the 
tide-water which has been previously admitted by the 
floodagate, opens the clough again, and discharges itselt 
slowly but completely through it. , The doughs are so 
constructed os to let the Water run off, between the ebb 
of the tide that vvas admitted and the flow of the next; 
a point to which particular attention is paid, and the 
flood-gates are'placed so high as to be above the level 
of the common tides, and so as to receive the water only 
at the springs. 

It is not unusual to plant willows on the sloping sides Willow 
of the banks, with the view at once of breaking the planting 
force of the stream, and by producing an accumulation 
of mud of defending them from the action of the water. 

But the experienced husbandman avoids alt such plan¬ 
tations on the lop of his bunks, knowing e lhut he would 
thereby give to the winds a great additional power, and 
expose his works to much serious damage. 

We need not remark that the deposit is made by I he Deposit, 
ebbing tide, as the rush from the ocean rather cheeks 
the current which comes down loaded with the spoils of 
the land from the higher parts of the country. Near 
flowden, it is said, onp tide will deposit warp to the 
depth of an inch ; an effect which is increased or dimi¬ 
nished according to the distance from the mouth of the 
Humber. Cherry Cob Sands were originally gained 
from this river by warping, and are supposed to iiossess 
a deposit of alluvial sediment not less than twelve feet 
deep. They were ploughed .fourteen or sixteen years SuW^u 
before they became fitted for grass seeds ; but now the culture, 
greater part of the tract is used for pasture, and yields a 
most nutritive herbage. Grass-land, we ore assured, is 
not warped a second time, until the plants are found 
beginning to wear out; upon which the process is com¬ 
monly renewed, the water is again admitted, the plough 
once more stirs its surface, and a succession of corn crops 
ore drawn Iroin the renovated soil, before it reverts, as 
in the first instance, to the uses of pasture. It is true 
that the best mode of cultivating warpefl lauds must 
depend principally on the nature of the matter deposited 
as well as of the subsoil. _ In the Code of Agriculture, it 
is recommended to sow such grounds with clover, and 
to let it lie under that crop for two years, in order that 
it may be brought into a fit state for corn. Even though 
fallowed, it does not answer to sow land with wheat 
immediately afler it has been warped; but after white 
or rod clover for two years, a good crop of wheat may 
generally be relied on. Nor is it proper, says the same 
authority, when land is warped, to pl&nt it with pota¬ 
toes, or to sow it with flak ; being at first of too cold a 
nature; though if the land be not too strong for potatoes, 
these crops may answer, after it has been two or three 
years under cultivation. In the quality of warped land, we Qualify 0 
need not add, there are inost essential differences ; some kind, 
is found very strong and some very friahle even in the 
same field. The portion nearest the sluices and the 
general run of the water, is commonly the lightest, owing 
to the quantity of sand that is deposited as soon as the 
current enters the enclosure; while .that' furthest from 
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‘Agriculture, the river bank is usually the best, as the deposit takes 
-— v —. > place more undisturbed, and in much greater abundance. 
Sm.tii of The Irrigation of arable land, as we have repeatedly 
Franco and observed, is universal in warm Countries, and even in 
11 ‘“ lv '' the South of France and Italy. It is laid out in narrow 
beds, between which the water is introduced ia furrows 
during the growth of the crop anti absorbed hy the soil. 
The principal expense of the operation is that of pre- 
* Paring the ground by throwing the surface into a proper 
level. The main run, or carrier, as it is called, is con¬ 
ducted to the highest part of tha field, and all the fest is 
easy. In the General Report of the Agriculture of 
Scotland , it is stated, that a field of waste land, which 
* itatl been flooded during Winter with stagnant water, 
was thereby rendered capable of bearing a plentiful crop 
of oats, without the use of any species of manure. But 
this process, it has been justly observed, partakes more 
of the nature of warping than of simple Irrigation, par¬ 
ticularly as the latter is practised in India, and in the 
Southern parts uf Europe, during the course of vegetation. 
SiiWcrrs- There is a species of Irrigation which is denorninsited 
neon* Irri- subterraneous , to distinguish it from that which has Just 
been described. It appears to have been first practised 
in Lombardy, and is mentioned by Professor Thouin, in 
the Annale.rdu Music. As its name imports, it consists 
in saturating the soil with water from below, and is 
effected by surrounding a piece of ground with an open 
drain, and intersecting it by covered channels of smaller 
dimensions. If the field is one level, as happens in 
most cases where this system is adopted in Italy, nothing 
more is necessary than to fill thp drain, and to keep it 
full till the land has been sufficiently soaked. But if it 
lies on aslope, then the lower ends of the smaller drains 
must be closely stopped, and the water admitted only 
•Into the main one on the upper side ; this last must be 
kept full till the land be saturated, when the mouths of 
the lower drains may be opened to carry off the super¬ 
fluous water. The practice is applicable either to pasture 
or to arable lands, under a climate more distinguished 
for heat than moisture. 

In Britain. In our own Country subterraneous Irrigation has been 
applied, in a very simple manner, to drained bogs, mo¬ 
rasses, and fen lands. All that is necessary is to build 
a sluice in the lower part of the main drain, where it 
leaves the fields to which attention is directed, and in 
dry weather to shut this sluice, so as to dtnn up the 
water and throw it back into all the subsidiary drains, 
whether cofered or uncovered. This method has been 
introduced with great advantage in various parts of Scot¬ 
land, and also in Lincolnshire, where extensive drain¬ 
ages have lately been accomplished. 

Irrigation 2. But in these Northern latitudes. Irrigation is much 
«f swing more frequently applied to grazing-grounds than to such 
taints. M are meant for tillage. For the former, the original 
quality of the soil is of little importance; wherever the 
water deposits a good deal of sediment, the natural po¬ 
verty of the surface bping soon fertilized by the enriching 
ingredients with which it is imbedded. This observa¬ 
tion, it is true.'respeets the meadows of England more 
directly than the artificial pastures of Scotland ; for, 
in the latter Country, the streams for the most part de¬ 
scend from barren hills, and, accordingly, convey hardly 
any other deposit than ailicious sand and coarse gravel. 

The author of the Work entitled Rural Affairs, who 
has evidently bestowed much attention on the Irrigation 
of various soils, recommends to his readers the follow¬ 
ing results as the fruit of experience. He has found 
voi. VI. 


that perennial red clover prospers in watered meadows, Agriculture, 
huving a due proportion of inarl or lime the | ;uu | 
itself, or in the water with which it is moistened, while V “* ,1U * 
the common broad red clover speedily dies out • \Hat K nl ' i " ie3 l ,r ° • 
the plants of IIolcus lanalu .«, the soft, vernal, woolly, <5uced- 
meadow grass, prosper in any soft soil, especially if i’ t 
be also watered; .that Port tiivialis, the rough-stalked 
meadow grass, delights in the soils last mentioned, if 
they are possessed of a degree of moisture between loam 
and bog; that Cynosurus cristatus, the crested dog-tail 
grass, thrives extremely well in watered loams, al¬ 
though Botanists seem not aware of this fact; that 
Anthoxanihum odoralum , scented vernal grass, will 
hjrrdly fail in any watered, meadow where it has been 
once established, however coarse may be the soil, adding 
nqt only to the bulk and weight of hay, but communi¬ 
cating the sweetest odour to the whole crop, if made in 
dry weather ; that the genus of grasses, called Agrostis, 
or bent, furnishes two species which are very good plants 
in watered meadows, the Agrostis alba, ami the Agroitis 
slolonifera; that in loams completely broken with the 
spade, and then watered, Trilicimn repens, couch or 
quick grass, forms a valuable plant* tor hay; and that 
for soft peat bogs, no plant yields more hay than the 
common spratt, the June its articulatus, which in richly 
watered meadows comes forward very early, and would 
scarcely be known, if mown before feeding, by those 
who never saw it cut in proper time. 

“ All these plants,” says Mr. Brown, “ are adapted to 
furnish a crop of hay, and also to yield a very abundant 
pasturage; but at present they can hardly be obtained 
in the seed-shops, excepting perennial red clover, which 
is sold under the name of marl grass. A farmer must 
have a portion of good grass, or purchase it trom others; 
leaving it to stand till the seeds are mostly ripe, and then 
taking care to preserve these for sowing in his new 
meadow grounds. I have. n®t often met with perennial 
rye grass in watered meadows, and ain inclined to think 
that it does not prosper there; but as I know that it 
will stand for a season or more, it may be soon inter¬ 
mixed, and will thicken the grass in the mean time.”* 

The water should bo let on early in the month of Season. 
October. The effects of this watering are very import¬ 
ant in strengthening the roots and stalks of plants, and 
preparing them for vigorous shoots in the Spring; and 
the blades that- now rise form a rough coat against 
Winter, protecting the more delicate organs of the vege¬ 
table frame from the severity of that season. It some¬ 
times happens, also, that by delaying the process too 
long*early frosts supervene, and very much impede, or 
even entirely defeat, the main object of the operation. 

If the land be rich, it will generally be found that three 
weeks are sufficient for the first turn ; but if it b? sour 
and eoarse, four weeks may be necessary. The verdure 
will then be fine, aud the soil rich and yielding. 

To apply Irrigation judiciously to meadow land, a Method ot 
stream of water must be conducted to the surface and 
made to flow ov^r it in a constant manner ; it being an- 1 * 
derstood that the grounds to be so treated lie upon the 
banks of the river from which the supply is to be con¬ 
veyed, and forming a, flat surface, or rather a gently 
inclined plane. To the highest part of this inclined 
surface, the water is led in what is termed the mam con¬ 
ductor, either by building a wear or darn across the 
river where the water is to be taken off, or hy bringing 

•. Brown, On Rural AffaWt, vul. ii. p. ShJ. Ae. 
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A "iici.ltr.ro. it by means of a cut from a hi "tier source. Tn fig. 20, 
A represents the main conductor, and B the wear or 
dam. 

From the main conductor, and as nearly ns possible 
at right tingles to it, are taken off the various feeders, 
C, C, C, &c. These consist of small trenches a few inches 
in depth, made widest when they issue from the main 
conductor, and gradually*lessening as they recede from 
it. They may be formed at the distance from each other 
of forty feet or less, being closer where the soil is stiff 
and retentive, and further distant where it is loose and 
porous. By this means the water is conveyed to the sur¬ 
face of the meadow. But as it is necessary that it should 
maintain an equal flow over the ground, and so be carried 
off as quickly as it is admitted, the main drain D, D is 
formed at (he lower part of the meadow, and the smaller 
drains E, E, E pass in the intervals between the feeders, iu 
the manner exhibited in the diagram already referred to. 
These small drains arc of the same dimensions as the 
feeders, hut are larger where they enter the main drain, 
and become graduully smaller ns they recede from it. 
The main drain conveys the water back to the river 
from which it was taken; but in many instances, this 
drain becomes, in its turn, the main conductor to another 
meadow on a lower let el. The water which had floated 
the upper meadow being collected in this drain, is carried 
off from it by menus of feeders in the maimer described, 
and again colleeltd in a drain below; and, iu this man¬ 
lier, various.meadows are successively irrigated by the 
application of the same water. Even where the lower 
meadows are nearly on the. same level as (lie higher, it 
is still expedient to resort to this repealed collection of 
the water in drains ; for, in practice, it is found difficult 
to preserve the equal flow of the moisture, over a large 
breadth of ground. 

fit order to keep the water as it descends through the 
feeders at the necessary left 1 ], and to cause it to overflow 
the surface, it is interrupted in its progress by what are 
termed stops, placed in the feeders. These sometimes 
consist of small pieces of plank, each' resting on two 
little stakes. But oftener they are merely sods thrust 
into lltc feeders and occasionally fastened with wooden 
pins. It is the province of the person who superintends 
the meadows, when floated, to adjust these stops in such 
a way as to maintain an equal current over the whole 
surface. Further, in order to convey the water quickly 
from the feeders tn the drains, the face of the meadow is 
generally moulded into low ridges, the feeders being on 
the top of the ridge and the drain in the hollow, so that 
a transverse section would appear, as in fig. 21 ; a 
representing the feeder, and 6 b the drains. In the lan¬ 
guage of the scientific Irrigator, the interval from b to a 
is termed a pane; and in fig. 20, the space i i, which is 
left for a carriage way above the main conductor, is 
denominated flic main pane, and is watered from that 
conductor.* 

On grounds Such is the most perfect form of the watered meadow. 

«muh ia- jjut when the inclination of the plane of the surface is 

t.i.tcd. considerable, a different principle must be adopted aa 
regards the conveyance and distribution of the water. 
In this case the feeders am not carried longitudinally 
through the meadow, but across the line of the descent, 
ii^the manner represented iu fig. 22. Here the several 
feeders are fillet) as before from the main conductor, but 
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when they overflow their banka instead of discharging Agriculture, 
their water into the smaller drains, they throw it into the 
next feeder lower down; and thus the fluid is conveyed 
from feeder to feeder over the'entire space of the meadow. 

This species of Irrigation is termed catch work } and. as 
it can be applied where the surface is too much inclined 
to admit of the flat meadow, it is frequently practicable 
where the other is not, and is often combined with it on 
the same ground, where there are swells or considerable 
inequalities. 

We Jiave remarked above that the process of floating Periods, 
generally commences in the month of October, being as 
sooft as possible after the later grass is consumed, or the 
second crop of hay removl'd. The water h kept in the 
ground from fifteen to twenty days at a time, it is then 
let ofF, and the meadow laid perfectly dry during fixe or 
six days; and this process of alternate flooding and 
drying is continued generally in the moni hs of Noventhor, 

December, and January; care being taken to remove 
the water whenever it begins to freeze. As the Spring 
advances and the grasses shoot.forth, the periods of 
watering are shortened so that the flooding .shall not last 
above five or six days at it time. In the Southern 
Counties of England, the meadows are marly for the 
reception of stock of all kinds in the middle of Match ; 
but further to the North, where the grasses do not make 
such early progress, irrigation is usually continued 
during the whole month of May. After this it is dis¬ 
continued for the season, and a crop of hay, sometimes 
two, are produced to reward the farmer tor his pains. 

Flooding is rarely practised during the Summer months, 
though the admission of water at that season occasions a 
rapid and profuse vegetation. It is suspected that it is 
by Summer Hooding the fatal disease of rot is intro¬ 
duced ; and accordingly the experienced Agricullurisf 
docs not permit his sheep to graze on the meadows 
which have been covered with water any time between 
May and September. 

England, it has been remarked, is the natural Country Roman 
of the watered meadow ; being perhaps the only one know lodge 
where the practice of the Art is understood and carried frnga- 
on as a regular branch of rural labour. Tltni e is no t,on ' 
room to doubt that this branch of knowledge, like many 
dthers, was derived from the Romans. For though.iu 
modern Italy the Irrigation practised seems merely de¬ 
signed to convey water to the soil, yet from various re¬ 
marks in the writings of the ancient authors, it would 
appear that those illustrious husbandmen were acquainted 
with the principles of that more -artificial process of 
which we now speak. It is well known that a great 
preference was given by many of the Romans to the 
meadow as compared with corn land, as being more 
profitable to the occupier. The maxims of the elder 
Cato on this subject, have been handed down to us, and 
are uftea quoted. He speaks frequently of the watered 
incurious: Praia irrigua, si aquam habebis, potim- 
tnutn J'acito ri aquam non hahrbit, ticca quatn plurima 
facito. “ If you have water irrigate as many meadows 
as possible; if you have not water, make as many dry 
meadows as yoy can." Pliny, Columella, anti Palla- 
dlus express themselves to the same effect. But to 
whatever skill the citizens of Rome may have attained, 
prior to their conquest of Britain, there are circumstances 
peculiar to England which have conduced more to its 
perfection here than even in Italy, where, in our days at 
least, natural meadows are more rare, and where all that 
is required to fulfil the highest purposes of the husband 
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Agriculture, man is to convey a little water, no matter how, to the 
'■‘■"v*"—' parched surface of his fruitful soil. This Country is, in 
particular, admirably suited to the production of the 
common grasses. These appear in a variety of species 
unknown in more Southerly climates, and .grow with a 
closeness and vigour unparalleled in .higher latitudes. 
The rivers, too, especially in those Counties most cele¬ 
brated for this branch of husbandry, are generally turbid, 
and, flowing through fertile and cultivated districts, are 
enriched with the animal and vegetable matters wiiich 
they receive in their progress, and thus not only irrigate, 
but positively manure the lands to which they arc con¬ 
veyed. Gloucestershire and Wilts have long been cele¬ 
brated for t[)eir superior Irrigation ; and there are now 
other divisions of the Kingdom not inferior to them in 
the extent and perfection to which the practice has been 
carried. • * 

Irrigation In the Northern Counties of England, as well as in 
not innih those beyond the Tweed, this mode of improving land 
Wnriiiuf™ * ws ,,ot h' t ^ erto been very generally adopted. Perhaps 
Jlriiain. toe diminished temperature is unfavourable to I rrigation ; 

while the rivers, rushing over a rocky bed and between 
precipitous bunks, do not afford the same facility for in¬ 
undating, in a regular, periodica! manner, the adjoining 
fields or ir#adovvs. An attempt was made in Dum- 
frieshire some years ago ; but the result, owing to igno¬ 
rance and prejudice among the tenantry, or perhaps to 
local peculiarities which could not be controuled, was 
Kdinbargh. very little encouraging. Tiie vicinity of Edinburgh, we 
are informed by Mr, Stephens, presents almost the only 
exception in Scotland to the remark just made in reference 
to want of success in the processes of Irrigation. About 
two hundred ncre.s moistened by the common sewers of 
the city, “ produce crops not to be equalled, being cut 
from four to six times in the year, and the grass given 
to milch cows.” The annual rent of those meadows 
ranges from £20 to iMO per acre, according to the con¬ 
venience of the situation, and the care bestowed on the 
land ; nay, ho mentioned an instance in which the price 
rose so high as £i>7 the acre, for a single Summer.* 

Manures. 

Division. No sooner is land relieved from the deteriorating 
effects of superfluous moisture, than it is fitted for ihe 
application of those aniinai or vegetable substances 
which, whe^ reduced to a putrescent stale, are known 
under the general name of Manures. Our limits will 
not permit us to enter into the minute details which 
might lie desired by the practical Agriculturist; but 
whatever deficiency may appear to arise from the 
abridged nature of our plan will,.we hope, he amply 
compensated by copious references to the best authors 
who have treated this important subject. To assist the 
comprehension of the reader we shall arrange our obser¬ 
vations under the five following heads; Calcareous, 
Earthy, Vegetable, Animal, and Miscellaneous. 

Caleaieon The most common form in which caluarcoos matter 
. lamina,, appears is that of lime, a substance than which there is 
Lime. none niore familiar, whether us an article employed in 
the Arts, nr as used for the purpose of improving land. 
As it exists in Nature, it is always in a state of combi¬ 
nation with an Acid, the carbonic or sulphuric, and not 
unfrequcntly with clay and silicious earth. When lime¬ 
stone is subjected to a strong heat, the gaseous matter 


with which it is combined is expel!.-,I, ,, n ,l is round to Acnoiltum 
have lost a portion of its weight equal i„ that of the ■ 
elastic fluid which has escaped. When the bmm-,1 niu,s 
is exposed to u moist atmosphere, it absorbs v\at,. r 
swells, and falls down into a powdei, di-uimiiuan- I 
quick-lime, and which is more or less pure accouluig t„ 
the nature ofthe stone. It bus, moreover, acquired new 
properties. Limestone, although poumled down to a 
fine sand, has 110 perceptible effect on animal or vege¬ 
table matters ; but burned or calcined lime is extremely 
acrid end corrosive ; and lienee the distinctive characters 
of this mineral in -its two states as mild and caustic. 

As limestones have very different degrees of purity, it Estimate of 
is obviously of the highest importance to ascertain the purity, 
quantity of calcareous matter which enters into their 
composition, in general, then, it may be observed, that 
the greater the loss of weight which they sustain in burn¬ 
ing the larger is the proportion of pure lime. A pietty 
accurate estimate may be made ol the quantity of eul- 
careous matter in any limestone, by observing first, how 
much diluted nitric or mimetic Acid is required for the 
■complete saturation of a deternfinnte portion of the 
purest limestone; and secondly, by ascertaining how 
much of the limestone to be examined will saturate an 
equal amount of the same Aeid. If in the latter case a 
double quantity is found necessary, then the stone con¬ 
tains only half the quan'ity of the calcareous earth which 
is in combination with the purer specimen. But prac¬ 
tical Agriculturists usuully have recourse to a simpler 
and more obvious test; which consists in the measure¬ 
ment of the burnt lime in the unslakcd state, as com¬ 
pared with its bulk in the state of powder after it is 
slaked ; the latter being three times the volume of the 
former when (lie limestone is of a good quality. 

The soils which are most improved by the use of lime Soil*, 
are those usually denominated cold and still', such ns 
strong clays and deep loom*, or such as are combined 
with a large proportion of vegetable matter, but contain 
no calcareous earth in their composition. It may, in¬ 
deed be regarded as advantageous to all lauds except 
such ns display sandy or calcareous ingredients. Con¬ 
siderable diversity of opinion prevails indeed as to the 
time and circumstances in which lime ought to be 
applied. But. in whatever way it operates, whether by 
its mechanical effects on the soil, altering its consistence 
and texture, or by certain Chemical changes on the or¬ 
ganized matter contained in the Globe, there can be no 
doubt that, in older to produce the desired result, it 
must be equally and uniformly distributed over the sur¬ 
face of the field. To ensure this object, the lime must 
be in the form of powder, and in as dry a state as pos¬ 
sible. For this purpose the calcined stones should be 
laid together in considerable heaps; and as they absorb 
moisture from the eartli or atmosphere, they gradually 
swell and fall to pieces. Might it not be suggested as 
a useful and convenient method for the equal appli¬ 
cation of lime to mix it carefully with a quantity of dry 
earth? and if mould of a different nature from the soil 
to be improved could be easily obtained, the increased 
value of the compost as a means of fertilizing the land, 
would doubtless be an ample compensation lor the addi¬ 
tional labour and expense. - ' 

As lime cannot produce its effects without being inti- Mode of op- 
mat el y. mixed with the soil r it follows that it should not phe-moa. 
be applied except when the latter is di v, and in as com¬ 
plete a. state ol pulverization as can In- acconijdi-licd by 
the operations of tillage. Another gencial ' ''.c to be 
r 2 
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Ajr;ci:Uuro. observed in the use of this Manure, is that it should be 
v- "v*-' mixed with the soil near the surface. The most proper 
time for its application, therefore, seems to lie when the 
operations of fallowing ore concluded, when it may 
be either harrowed in, or covered with a very light 
ploughing. On the same, principle lime is best applied 
to lands destined for turnips, wheat, and similar crops, 
immediately before the deposition of the seed, so that a 
moderate harrowing is the only operation which remains 
to be performed. Repeated ploughings are ..recom¬ 
mended by some authors for the purpose of mixing cal¬ 
careous Manure thoroughly with the soil; but there is 
no small risk that a part of it shall be thereby carried 
down beyond the reach of vegetation, on effect very 
frequently produced when grass lands are limed and 
then subjected to a deep furrow. 

Season for When lime is to be used as a top-dressing for pas- 
t»pdress* tore land, it should Iks applied early in the Spring or 
“£■ Autumn, rather than in Summer or Winter; because in 

hot weather the grass is apt to be burned up, while in 
Winter the effects of this Manure are supposed to be 
diminished by the frdst. 

Renewals. It is deserving of notice that great care is requisite in 
renewing the application of calcareous matter to the 
same held, even at a considerable distance of time; for 
it has been found that, on' soils where it produced, in 
the first instance, the very best effects, the repetition of 
it, in the same quantity, has either not been attended 
with any beneficial result, or *with one positively inju¬ 
rious. Hence it has become in many parts of the 
country an established maxim to apply lime in propor¬ 
tions constantly decreasing, and always in the form of 
compost with other earthy or animal substances. . 
Quantity. No precise rule can be laid down as to the quantity 
of this Manure which should be applied to every par¬ 
ticular species of land. The general practice seems to 
proceed on the principle that light, sandy, or loamy, 
require a smaller portion than stiff clays; but in no case 
is the determinate quantity accurately ascertained. The 
quantity employed in some parts of the Kingdom, and 
on certain soils, ranges from five hundred to a thousand 
bushels for the imperial acre; though the average may 
be estimated at rather less than two hundred bushels. 
In the Peak of Derbyshire, the largest proportion just 
mentioned is not unfrcquently expended on the heaths 
and moorlands, by means of which they arc converted 
into excellent pasture. But it has been justly remarked 
that, in many instances, though' an overdose of liine 
does no harm, it is not beneficial to the full extent, and 
therefore can only be regarded as an injudicious expen¬ 
diture. 

Mixture The caution now recommended is more necessary in 
with mag. those parts.of the country where the limestone is mixed 
ncssa. With magnesian earth, which never fails to have a dele¬ 
terious effect on the crops. It communicates to the cal¬ 
cined powder ah extremely caustic quality, whence it 
has usually been distinguished both by the mason and 
the farmer, as hot lime. Mr. Tenmuit was the first who 
traced this corrosive action to the presence of magnesia 
in the form of a carbonate. The quantity employed as 
Manure ought not to exceed thirty bushels the acre, 
except where' there is, in the land, a large proportion 
of vegetable matter not fully dissolved, in which case 
the dose may be somewhat increased. When 0t£ mag¬ 
nesia i$ mild, or in other words, has not been burned, 
it is acknowledged to be a useful ingredient in the com¬ 
position of soils, The Lizard Downs in Cornwall, 


which .bear a short, green grass, and afford an excellent Agriculture, 
pasture for cheep, contain a considerable quantity of v—' 
mild magnesian earth. * 

It is remarkable that, although the good effects of Theory of 
lime properly applied are so obvious as to recommend it operation, 
to the Agriculturist, as one of the most useful Manures, 
its moderof operation, whether on the soil or plants, 
remains still a- secret. Numerous speculations' have 
been indulged in regard to it; but until Chemistry and 
Physiology shall have made further advances in unfold¬ 
ing thh,clia%«i which take place in the qualities of the 
mould, and in developing edme.of the mysteries of the 
vegetative process, we must copsiderlhe whole as only 
doubtful conjecture. “ When lime,” says Sir Humphry 
Davy, “ whether freshly burned or slaked, is mixed with 
any moist vegetable matter, there is a strong action be¬ 
tween tfie lime and the vegetable matter, and they form 
a kind of compost together, of which a part is usually 
soluble in- water. By thi$ kind of operation, lime 
renders matter, which was before inert, nutritive; and 
as charcoal and oxygen abouud in all vegetable matters, 
it becomes at the same time converted into carbonate of 
lime. Mild lime, powdered limestone, marls and chalk 
have no action of this kind upon vegetable mutter ; by 
their action they prevent the too rapid deedfuposition of 
substances already dissolved, but they have no tendency 
to form soluble matters. It is obvious from these cir¬ 
cumstances that the operation of quick-lime, and marl, 
or chalk, depends upon principles altogether different. 
Quick-lime, in being applied to land, tends to bring any 
hard vegetable matter that it contains into a state of 
more rapid decomposition and solution so us to render 
.it a more proper food for plants. Chalk and marl, or 
carbonate of lime will only improve the texture of the 
soil, or its relation to absorption ; it acts merely as one 
of its earthy ingredients; quick-lime, when it liccomes 
mild, operates in the same manner as chalk, but in tin: 
act of becoming mild, it prepares soluble out of insoluble 
matter. It is upon this circumstance that the operation 
of lime, in the preparation for wheat-crops, depends, 
and its efficacy in fertilizing peats, and in bringing into 
a state of cultivation all soils abounding in hard roots, 
or dry fibres, or inert vegetable matler.’’ 

In cases where caustic lime is not found to answer, FomuM 
the farmer sometimes applies pounded limestone, which, limestone, 
as has just been suggested, improves the soil by becom¬ 
ing one ofits earthy ingredients. The scra])jngs or dust 
of roads formed of this rock have been used with ad¬ 
vantage as a Manure, in Yorkshire, Gloucestershire, 
and other districts; a circumstance which leaves no 
doubt, that were machines employed for grinding the . 
carbonate into a powder sufficiently fine, the consistence 
of much indifferent land might be greatly ameliorated. 

On the same principle, the dust of marble-works and 
even the smaller fragments in limestone quarries, have 
been found beneficial, in the absence of more active cal¬ 
careous elements. 

Limeetone gravel has been found an excellent Ma- Limestone 
nure for peat-bogs; its weight consolidating the loose g'»vc-l 
soil while its fertilizing qualities augment the produce. 

It has proved of'iinmeuse benefit to Ireland and also to 
some parts of Scotland. Chalk, we need hardly ob¬ 
serve, is used to a great extent in the Southern and 
Eastern districts of- this Kingdom, where it presents 
itself in great abundance. It.is frequently applied in a 
crude state, spread upon the surface in Autumn, and 
left to be dissolved by the fi<6sl during the Winter. 
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Agriculture. Five or six waggon-loads per acre produce a very benefi- 
' cial effect; though, when calcined, two hundred bushels 
may be allotted to the same extent of ground^ and even 
repeated every three or four years. ’ 4 ~ 

M»il. Of marl there are usually reckoned four j|tinds, rock, 

1 slate, clay, and shell. In’ Lancashire and Cheshire, 

day-marl is very much used by the farmer. Who does 
not griidge a considerable degree of labour and ex¬ 
pense in order to obtain iU Th£ quantity laid .on 
the ground, from time to time, appears enormous * 
amounting, in many cases, to three hundred cartloads 
per acre, which give to the fields the semblance of a 
red-soiled fallow freshly ploughed. Shell-marl Consists 
entirely of calcareous matter, being the broken and 
partially decayed remains of testaceous fish. It may be 
applied as a top-dressing to wjieat and other crops when 
it would be hazardous to use quick-lime. 

Sea-shell* Sea-shells abound in various ports of the British Isles, 
and are frequently collected as a'Manure. They are su¬ 
perior to the usual sorts of limestone in purity, and in the 
proportion of calcareous matter which they contain. 
These shells hnvc not, however, unless when burned, an 
equally rapid and powerful influence on the soil. When 
nut calcined ethey ere much improved iq their effects, if 
broken in a mill resembling that used by tanners for 
bruising their bark ; the air which is thereby admitted 
accelerating their decomposition and consequent mixture 
with the proper ingredients of the field. Sea-saud having 
a mixture of shells is also used with much success on the 
shores of Yorkshire, Devonshire, Cornwall, Caithness, and 
Aberdeen. It is particularly beneficial in strong clays, as 
both its component parts, sand and shells, have a power¬ 
ful tendency to improve a stiff soil. 

Gypsum. Gypsum, or the sulphate of lime, when applied to the 
cultivated, grasses, is generally found to reward the 
labours of tjie husband map. The ashes of sainfoin, 
clover, and rye-grass, when those plants are calcined, 
afford this substance in considerable quantities; and 
hence it has been inferred that it constitutes a necessary 
part of the woody fibre of those grasses. Cultivated 
soils in general contain enough of it for the grasses 
they produce ; but where, there is any deficiency, fields 
which have ceased to bear good crops of clover and other 
artificial grasses, may, it is presumed, be restored to their 
former fertility by a suitable application of this mineral. 

Earthy 2. The Earthy Manures are of a very simple nature. 

Manures and do not*require any scientific explication either as to 
their ingredients or use. We have already intimated 

Clay. that clay is sometimes advantageously employed in im¬ 
proving the texture of a loose sandy soil; the quantity 
being determined by the degree in which the argilla¬ 
ceous properties are absent, in every particular field 
which requires to be so treated. Burned clay has like¬ 
wise been long known as an excellent expedient for fer¬ 
tilising grounds on .which other Manures have exhausted 
their efficacy. In a comparative experiment, made in 
Galloway, of raising turnips by meaus of stuhle-dung 
and of clay-ashes, the crop in the ground manured with 
the ashes sprang earlier, was more vigorous, and the 
turnips were, double the size. In another experiment 
in the same district, a very abundant crop of turnip was 
obtained. The quantity employed varied from thirty to 
fitly cart-loads per acre. Mr. Parsons, near Sherborne, 
applied from fifty to sixty bushels to the acre, on a cold, 
wet, cohesive soil. , Mr. Buckley, in the neighbourhood 
of Loughborough, employed about seventy cart-loads to 
the acre of a stiff soil, in which he thought its effects in 


improving the texture and comimmi<;,tin.r permanent A,-ru-,t„ 1(e . 
fertility were more striking than in any other instance 
which Tell under his observation. The ushes ot lmni, d 
clay have also been applied as a top-dressing t„ 
lands, aud are said, when spread at the rate ol forty tmts 
to the acre, to produce very striking effects. 

Sand, as has also been suggested when treating of Sami, 
calcareous substances, is now commonly used for improv¬ 
ing the composition of stiff clayey soils. But sand, taken 
from the mouths of rivers or the shores of the ocean, as 
it frequently contains a pprtion of animal ami sometimes 
of vegetable matter, is the most likely to promote their 
fertility. The sands of fiat shores, covered with water 
only during higli spring tides, and which are strongly 
impregnated with common salt ami other saline ingre¬ 
dients, are in some places washed for the extraction of 
the salt, and afterwards spread on I lie land as manure. 

Thi#*double manufacture is piclty general ou the 
Northern side of the Solway firth ; and it is manifest that 
the latter practice might be advantageously adopted in 
many other situations. The rubbish ot houses, too, which 
is usually a mixture of sand and brnt*, with other earthy 
and occasionally saline material, constitutes a valuable 
Manure, and in all cases ought to be carefully collected 
and preserved. Loam, mould, orauy mixture of different 
earths with a portion of organized substances, when 
added to a sterile sriil of a different quality, produce 
during a few setren-, the most beneficial effects. 

Peat-ashes have long been celebrated as an efficient lVat-aslu'i. 
■ Manure in several parts of England, especially in Berks 
and Wiltshire. They contain a considerable proportion 
of gypsum, together with calcareous, aluminous and 
silicious earths, the sulphate and muriate of soda, and 
sometimes a little of the oxide of iron. Dutch ashes, 
which are highly recommended by" Sir John Sinclair, in 
his Account of the. Husbandry of the Netherlands, are 
composed of nearly the same ingredients, and are applied 
as a manure to clover which is succeeded by wheat. 

Nineteen bushels to the English acre afford an abun¬ 
dant crop of both. Burned peat is applied as a top¬ 
dressing for cultivated grasses, particularly sainfoin and 
clover, at the rate of from thirty to forty bushels per 
acre. Nay, we find that the dust of dried rotten peat 
is in some soils an excellent manure for potatoes. It 
is cut to pieces as if intended for fuel, and after being . 
exposed to the atmosphere for some time, is laid upon 
the laud. 

Coal-asht *, too, although rarely employed unmixed Coaka*he«. 
with other substances, afford au abundant source nf 
Manure in the neighbourhood of all large towns. The 
ingredients of these ashes vary in thgir nature and pro¬ 
portions according to the quality of the mineral whence 
they arc produced; but they consist generally of alu¬ 
minous and silicious earths, with a small quantity of 
lime and sometimes of magnesia. They are found to 
be highly beneficial in correcting the tenacity and open¬ 
ing the texture of clayey soils. They are of particular 
use in the neighbourhood of London, fur improving 
those lands from which bricks have been dug. After 
Spreading the ashes on the clay bottom, horseheans, 
or some variety of the garden bean, arc planted; aud 
sometimes such grotiuds are laid down in grass. When 
applied'as a top-dressing to clover, March or April is 
the best season, and the quantity should not exceed 
sixty bushels to the acre. 

. Under the head of Earthy Manures, we may class the Ouac. 
ooze, mud, or warp, which is procured at the mouths of * 
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Agriculture. rivers, in ponds and canals. It is of a most, enriching' 
nature, and adds to tile stuple of the soil. It is used as a 
top-dressing in Spring for crops both of grain and grass, 
more especially for the latter; being at the same time 
an excellent material for composts. The late Duke of 
Bridgewater made considerable use of sea-ooze, brought 
op from the Mersey, in barges, by his canal, to lands 
near Worsley. It has been remarked, that wheat raised 
by means of this Manure is little subject to rust, mildew, 
01 any other distemper. Tn respect to the mud of ponds 
and fresh-water streams the value of it depends upon 
the substances with which it is mixed. Where the water 
is resorted to hy cattle or fowl, or receives the washings 
of towns and farm-yards, or even tlie drainage of a rich 
tract of country, it will display considerable fertilizing 
powers, and amply repay the expense of collecting. J 11 
the Netherlands, the gardeners maintain that the mud 
of canals and rivers is much improved in .its quality, 
when it has been exposed, in small heaps, to a Winter’s 
frost and a Summer’s sun before being applied to us«f. 

Vegetable 3. In giving a list of Vegetable Manures, we naturally 
b niivs. begin with that whicSi is produced hy ploughing down 

(Vv'.f m'en ff reen f:r<, P s > s »ch as clover, buck wheat, vetches, heaps, 

' * r ' T ' vcl turnips. When this method is adopted, a portion of 

lime, or of peat and liine mixed together, should he 
spread on the field before the -turulenl plants are 
turned down; a process which ought to be performed 
in the Summer or early part of the \utumn, that the 
decay of the vegetable fibres may be m.-ie speedily pro¬ 
moted. In cases whore Manure is scarce, this practice 
may he found useful ; but it has been suspected that, 
mi the whole, its advantages are doubtful, for although 
the quantity of nutritive matter may be increased, the 
expense of the acquisition seems too great. 

s e :i-iviv,is. Se.'-weeds, in some districts, are a most important 

Manure, and when used with judgment never fail to 
enrich the land, though tftc effects, it is admitted, are 
not very lasting. They may be procured either by cut¬ 
ting them from the rocks, or hy gathering the leaves 
and branches which are cast ashore by the tide ; in both 
cases, they ought to be ploughed dovvu without loss of 
time, as their efficacy appears to depend in no small 
measure upon the degree of freshness which they possess 
when mingled with the soil. The value of this Manure 
in improving old pastures is generally admitted. Both 
cattle and sheep eat with avidity the new grass whicli is 
thereby produced, thrive well, and fatten quickly. 

Weed*. Weeds, taken from rivers, ponds, and ditches, when 

properly decomposed, form an ingredient of a very ferti¬ 
lizing compost. The heaps should be thrown together 
as lightly as possible, and sprinkled with'water in a dry 
season. A small quantity of lime, or of peat earth, mixed 
with them, during the process of solution, not only in¬ 
creases the bulk, but adds materially to the value of the 
Manure. The more intelligent farmers confine the use 
of this material to fields prepared for barley, or for tur¬ 
nips, to be sown broad cast. 

Malt-dust, Matt-du»t has also been found very beneficial to soils 
of a certain description. It is much improved by being 
spread for some time in the bottom of pigeon-houses, in 
farm yards, and also in such tanks as teceive the urine 
of cattle, the moisture of dunghills, and the refuse of 
the kitchen and wash-house. It is usually sown by the 
hand, when in a dry state, to the extent of about thirty 
bushels an acre, and harrowed in with the seed, whether 
barley or oats. 

Rape-take. Hape-cakc has long been used in this Country, espe¬ 


cially in Norfolk and Yorkshire. Half a ton for an acre Agriculture, 
was formerly the amount applied to arable laud ; but '* V w/ 
since the price of the article has increased, the rate is re¬ 
duced to one ton for three acres. Mr. Coke of llnlklmiu 
makes a single ton suffice for five or six .acres, by break¬ 
ing the cake into very small pieces, and ploughing it in 
about six weeks before the time of sowing, that it may 
be completely dissolved in the ground. When ploughed 
in with wheat seed, the effect is very striking in a speedy 
and vigorous crop. This Manure is very extensively 
used ft) the Netherlands. It has been found that, when 
powdered and strewed on the surface of a field, it destroy s 
the Gryllns talpa, so injurious in wet soils; mid it is 
imugiiied that every insect might be exterminated by the. 
same means. A ton of oil-cake, whether from rape or 
auy otjjer seed, mixed with twenty or thirty tons of 
dunghill compost, constittftes an excellent manure. 

Tanners' bark has been recommended by certain Tanners’ 
authors as a substance which may be rendered nutritive bark, 
to plants. For this purpose it must undergo the process 
of fermentation, which is most easily accomplished by ■ 
forming it into a compost with stable dung. The addi¬ 
tion of a little lime cannot fail to assist in the disintegra¬ 
tion of the woody fibres. 

Wood-ashes have been already alluded to, under the Wood 
head of Earthy Manures. They are peculiarly well cal- ashes, 
culated for gravelly soils and loams. Forty bushels per 
acre is the common quantity, and Spring is the pioper 
season for their application. The effect is much increased 
by moisture, whether natural or artificial, which seems 
necessary, either as a menstruum or a vehicle, fur com¬ 
municating the fertilizing qualities, it lias been re¬ 
marked, that whatever passes through the lire acquires 
the power of exciting or increasing the productive pro¬ 
perties of land. 

4. Animal substances arc usually so soluble in their Animal 
nature as not to require any chemical preparation to fit Manures, 
them for the purposes of Manure. The great object of 
the farmer, on the other hand, is so to blend them with 
the earthy constituents in a proper state of division, as 
to prevent their too rapid decomposition. Much of this 
species of Manure is lost in many parts of the country 
from want of puiper attention, or perhaps from ignorance 
of its value. Animals that have died accidentally, or in an g 
consequence of disease, are often suffered to remain ex- mala, 
posed to the air, or immersed in water, till they are 
destroyed by beasts of prey, or entirely decomposed by 
the action of the atmosphere ; and in this case, most of 
their muscular substance is lost for the laud in which 
they lie, and wasted in the production of noxious gases 
which pollute the surrounding air. By covering dead 
animals with five or six times their bulk of soil mixed 
with one part of lime, and suffering them to remain a 
few months, their decomposition, as Sir H. Davy re¬ 
marks, would impregnate the land with soluble matters, 
si' to render it an excellent manure ; and by mixing 
a little .fresh qmck-linic with it, at the time of its re¬ 
moval, the disagreeable effluvia would be in a greut 
measure destroyed, and it might be applied with much 
advantage to any^of tlie stronger species of crops. 

Fish forms a powerful Mufiure in whatever state it Pi.j,, 
may happen to be used ; but, however email may he the 
quantity applied, it cannot be ploughed in too fresh. 

Herrings have been known to produce a very rank crop 
of wheat. . The refuse pilchardsure employed throughout 
the County of Cornwall with excellent effect. They are 
usually mixed with sand or soil, and sometimes with 
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Agriculture* sea-weed to prevent them from communicating an cx> 
y-w ceasive luxuriance to the grain. In the fens of Lincoln- 
shire, Cambridgeshire, and Norfolk, the little fish called 
sticklebacks are caught in the shallow waters in such 
quantities, that they torm a great article of Manure 
among the neighbouring Agriculturists. It ia easy to 
explain the operation of fish in fertilising the ground. 
The akiu is principally gelatine, which, from its slight 
state of cohesion, is reudily soluble in water. -Fat or 
oil is always found in- fishes, either under the skiu or in 
some of the viscera ; while their fibrous matter contains 
all the eqpential elements of vegetable substances. 

••Blubber. Blubber, an artiefe nearly related to that just described, 
has been occasionally employed ns a Manure. It is 
most useful when mixed with clay, sand, or any commqn 
soil, so as to expose a large surface to the air, yie oxy¬ 
gen of which reduces it to soluble matter. It has been 
known to retain its fertilizing power during a succession 
of years. The carbou and hydrogen abounding in oily 
substances fully account for this effect; and their dura¬ 
bility is easily explained by a lefercnce to the gradual 
munner in which they yield to the action of air and 
water. 

Hones. Bones- are now much used as a Manure all over the 

Kingdom, ufld especially in the neighbourhood of the 
Metropolis. After being broken anil boiled for grease,' 
they are sold to the farmer. As their effects'are more 
powerful in proportion to the minuteness with which they 
are divided, the expense of grinding them in a mill 
would probably be repaid by their increased value; 
while in the state of powder they might be used iu the 
drill husbandry, and deposited with the seed in the 
same manlier as rape-cake. 

Morn. Horn, regarded as the means of improving the soil, 

is still more efficacious than bone, as- it contains a larger 
quantity of decomposable matter. The. shavings of 
horn, loo, form an excellent Manure, though they arc 
not sufficiently abundant to be in common use. The 
animal matter in them seems to be of the nature of coa¬ 
gulated albumen, and is slowly rendered soluble by the 
action of water. The earthy principle in horn, and still 
more that in bones, prevents the too rapid decomposi¬ 
tion ot the animal substance, and gives great durability 
to its clfecls in strengthening the soil. 

Hair, &c. Hair, woollen rass, an <\ feathers, which are similar in 
composition, consist chiefly of a substance resembling al¬ 
bumen unitejJ to gelatine. The theory of their operation 
as Manures refers to the same principles as that of horn 
and bone. The refuse of the different manufactories of 
skin and leather,—such as the shavings of the currier, 
anil the offals of the tan-yurd anil glue-maker,—is found 
very serviceable to the Agriculturist. Blow!, too, os it 
contains certain quantities of all the elementary ingre¬ 
dients detected in other animal substances, possesses a 
highly fertilizing quality. The scum taken from U19 . 
boilers of the sugar-baker, and which is used as Manure, 
consists principally of bullock’s blood, employed lor the 
purpose of separating die impurities of the raw material, 
by means of its albuminous matter coagulated by the 
heat. The different species of corals, corallines, and 
sponges, must be considered as substances of animal 
origin. They contain a considerable quantity of a matter 
analogous to coagulated albumen, and might, therefore, 
be advantageously employed us Manure. 

We include under the head of Animal Manures such 
as are strictly exerementilious, and which, if reference 
wete made to their origin, might be regarded as rather 


L T V R E. 

belonging to the class of vegetable siihslnm-os. HeshVs .Vwie.illnre. 
the dung collected in stables ami cmv-hnu ,,,, ;lt " 
attention is paid in some parts to that p r < i,„- t H t n 
Sheep, in certain districts on the Continent, it,,..,, 
are kepU under cover all the year, fur the *■ 

Manure which is thereby created ; and when thev /L . 
along the sides-of roads, young children arc empl.ivcd 
to collect theij droppings. Sheep fed >m linseed cake 
produce an extraordinary fertilizing dung, by which any 
poor laud, whether arable or pasture, may be. speedily 
enriched. -A plan lias lately been adopted of folding 
slicep upon straw in the corner of a turnip field, and of 
carrying their food to them; a method particularly 
suited for such lauds as are too wet and tenacious to 
have (he turnips eaten upon them, or for sloping grounds 
whence the Manure might be washed down. The dung 
(if birds has likewise been held in high importance by 
the practical farmer, and especially of those species 
which live upon fish. This substance is produced in so 
great quantities upon some small islands iu tile South 
Sea, that fifty large vessels ore annually employed to 
convey it to Peru, where it is employed to fertilize the 
extensive plains in the neighbourhood. The dung of 
sea-birds has not hitherto been much used as a Manure 
in this Country; though it is probable that even the soil 
scraped from such of the small islands on our coast as 
are much frequented by them, would prove very advan¬ 
tageous. An experiment was made under the superin¬ 
tendence of Sir H. Davy, which was attended with great 
success. 

Night-soil, it is well known, as being very liable to 
decompose, is a jxiwerful Manure. The disagreeable 
smell may be obviated by mixing it with quick-lime ; for 
if exposed in fine weather to the atmosphere .in thin 
layers, strewed over with that substance, it soon pulve¬ 
rizes, and in this state may be used in the same manner 
as rape-cake. * 

5. Under the head of Miseellaneaus Manures a groat Mist, 'Un- 
variety of putrescent substances might.be arranged, but »«jus Ma- 
we shall confine ourselves to a short uecount of the “ m ' s - 
method of forming composts. All Manures may per- (Wposts, 
haps be considered as compounds ; and hence a reason¬ 
able question might arise whether the benefits they 
afford to vegetation would not lx- increased, were some 
of the changes which they undergo when mixed with the 
soil, previously accomplished by means of Art. Tins 
question, which is avowedly of great importance, mist 
depend for its solution on a more perfect knou ledge of 
the process of vegetation itself Ilian we yet possess, as 
well as of those combinations which arc affected by the 
mutual action of the different substances employed by 
the husbandman to further its progress.- As to com" 
posts, it may be remarked, in general, that they arc 
formed of almost every kind of animal and vegetable 
matter, mixed with earthy and saline ingredients, which 
being thrown together inconsiderable masses, undergo 
4 certain degree of fermentation, and thereby promote 
>the decomposition of such of them as happen to lime 
been organized. 

It is a general practice to make a compost with a portion with lime, 
of common Manure or lime mixed with a certain quantity 
of earth from a ploughed field. In this ease the two 
substances arc placed in alternate layers in the /oral o'a 
lengthened heap or mound, which ought- to be so 1 ov r>cd 
at top as to prevent the rain from washing tluoiigh it, 
and thereby checking the process of fermentation. W hen 
the decomposition is completed, the mass should lie 
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earei'ullv turned, in order that the ingredients may be 
prkvlly mixed together. The quantity may be increased 
by collecting weeds or other soluble matter from the 
ditches and hedges in the neighbourhood, and adding 
them to the heap before the warmth has entirely sub¬ 
sided. When lime is used, it is customary to lay it 
down fresh from the kiln in given quantities along the 
end of a Held, and to cover it with four or five times its 
bulk of pulverized earth, which is immediately beaten 
down with a shovel to prevent the approach of rain or 
nir. The lime is slaked in a few days by the moisture 
of the soil, and when any cracks or fissures appear, they 
ought to be covered up with more earth. Alter a short 
period, the two substances are completely incorporated, 
and the compound may be used for grass or corn-crops, 
either singly, or together with dung from the stable 
yard, the consistence of which it materially improves. 

There is no compost better known in most parts of 
the Kingdom than that of which peat-moss is the prin¬ 
cipal ingredient. As this substance consists chiefly of 
vegetable matter, it constitutes, when entirely decom¬ 
posed, a very valuable Manure. The best authority on 
this subject is Lord Meadowbank, one of the Scottish 
Judges, who about thirty years ago published some im¬ 
portant notices respecting the method of preparation, 
and the soils to which it is most beneficially applied. 
The peat, of which the compost is to be formed, should 
be ilug out some weeks lie fore it is used, in order that 
the redundant moisture may evaporate. When carried 
to a comcnicnt place, it is laid out in two rows, with an 
intermediate row of dung, which should be so near as to 
allow a workman to throw them together with his 
spade. A layer of peat six inches deep and 15 feet wide 
is first fyrrned. A layer of ten inches of dung next Suc- 
ecds. then six inches of peat, then four or live of dung, 
and then six more of peat, and a thin layer of dung. 
Then cover it with pcat*all round and above. The 
height should not exceed feet, otherwise the weight 
may he too great, and check the decomposition. 

In a medium temperature of the atmosphere, seven 
cart loads of stablc-yard dung, in a fresh state, arc 
esteemed sufficient for twenty-one loads of moss ; but in 
cold weather a larger proportion of dung is required, 
iiecause more heat is necessary to secure a prosperous 
result. To every twenty-eight carts of the compost it is 
beneficial to add one load of ashes, wliether from coal, 
peat, or wood ; and when such ashes cannot be pro¬ 
cured, half the quantity of slaked lime, well powdered, 
is a good substitute. By employing the refuse of sham¬ 
bles, six limes the quantity of moss may lie converted 
into Manure. A similar proportion is obtained from the 
dung of pigeons and of domestic fowls. 

• When tiic compost is made up, the temperature in¬ 
creases according to the state of the weather and the 
condition of the ingredients. In Summer the mo--* is 
heated in about ten days, but in Winter, if the cold be 
severe, it requires as many weeks. lathe former season 
there is danger that the temperature shall rise too high 
and consume the materials. WheiUhisis apprehended, 
^ stick should be kept in different parts of the mass, 
which being occasionally examined will indicate the 
varying degree of heat. When it exceeds 180° the heap 
should be watered, or turned over, and cooled by an 
addition of fresh moss. After the process is completed, 
the whole appears like a black, rich mould, and has 
been found, when used either for corn or pasture lands, 
to be equal to the same bulk of good farm yard dung. 


The quantity applied must, of course, be regulated by Agric 
the nature and condition of the soil; but the farmer will 
receive an ample remuneration for thirty or thirty-five 
loads per acre. 

It is properly stated by the writer to whom we have 
referred, that too much attention cannot be given to the 
preparation of the ground to which this compost is to be 
applied. It should be clean, dry, well mixed, and 
friable; for in any other state the Manure does not pro¬ 
duce its proper effect. The addition of a small quantity 
of cothpost has been known to be attended with a won¬ 
derful improvement on a field judiciously fallowed. The 
texture, colour, and other properties *of the soil under¬ 
went a very perceptible change for the better’; a result 
which must have been occasioned by the mutual action 
of the different ingredients in the Manure and land, and 
the new combinations thence, proceeding agreeably to 
the laws of their chemical affinities. It is obvious that 
this process must be greatly accelerated by bringing the 
minute particles of both into contact By an intimate 
mixture. 

There is also a compost of pent, lime, and clay, which 
has been proved to answer welt on lands of a certain 
quality, and more especially for the purpose of raising a 
plentiful crop of grass. But'as wk camfbt enter into 
details, we shall finish this section with a short account 
of some experiments made by the Reverend Mr. ‘"art- Mr 
wriglit, with the view of determining the effect- „f' v, '«h' 
different Manures o. the same soil and for the .mi" 11,1,1 
crop, and particularly of salt used a* the mean nl >i.- 
creasiiig vegetation. Inesoil in question v.-is a kiru- 
ginous sand, which was brought to a proper i oi.-'sd me 
by a liberal allowance of pond Hind. 

In the month of April a portion of the field was hud 
out in beds, a yard wide and forty yaols long t)l these 
twenty-five were treated as follows : 

No. 1. No Manure. 

2. Salt, one peck and a quarter. 

3. Lime, one bushel. 

4. Soot, one peck. 

5. Wood ashes, two peeks. 

6. Sawdust, three bushels. 

7. Malt dust, two pecks. 

8 . Peat, three bushels. 

t). Decayed leaves, three bushels. 

It). Fresh dung, three bushels. 

11. Chandler’s greaves, three pounds. 

12. Salt, lime. 

13. Salt, lime, sulphuric acid. 

14. Salt, lime, peat. 

15. Salt, lime, dung. 

16. Salt, lime, gypsum, peat. 

17. Salt, soot. 

18. Salt, wood ashes. 

Iff. Salt, sawdust. 

20. Salt, malt dust. 

21. Salt, peat. 

22. Salt, peat, bone dust. 

23. Salt, decayed leaves. 

24. §alt, peat ashes. 

25. Salt, chandler’s greaves. 

The quantity of each ingredient was the same as when 
they were used singly. ' On the same day one row of 
potatoes was planted in each bed; and that the experi¬ 
ment might be accurately conducted, the number of sets 
was the same in all. When the shoots appeared above 
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Agriculture, ground,^ their comparative excellence wos carefully merely in the seed leaf. On the 16th of Alienist four Agriculture. 

noted.. 'The best row, at that period, wa# No.'7. from only were alive and in rough leaf, namely, «■ —■> 

malt dust; and the next best was that from chandler’s . e„u _j 

greaves. The most backward, in the Month of May, Wa SSf Tfi „-a 

was No. 6 . which had been, manured with sawdust! }f J2* ™ c ’ ^ s «lphnnc and. 

On the 21st September the potatoes were taken up, lrt ' R „ , 

when the product of each row £s as follows; 16 ‘ 8a,t ’ ,lmc ’ ^P SUm ’ P eat ’ 

• ; ‘ ' '* • These four continued in a sickly state till the middle Kc» u it». 

No. 17. Salt and soot, produced. 240. of September, soon after which they disappeared. The 

11. Chandler’s greaves.. 220 fate of tha turnip and buck-wheat was nearly the same; 

18. Salt, wood ashes ........... 217 * but no certain conclusion could he drawn from these 

16. Salt, gypsum, peat, lime. 199 experiments with regard to the effects of salt as a 

15. Ssdt, lime, dung ............. 198 Manure for such crops, for other Manures of undoubted 

2: Suit.195 ‘ efficacy also failed. The proper inference to be deduced 

25. Stdt/grenvcs...193 from the whole is, that a certain texture and composi- 

4. Soo*.. V..... 192 lion of soil is an essential requisite for promoting the 

10 . Fresh.'dung ■ 192* health and vigour of plants, which was abundantly ob- 

20. *Salt, malt dust. 189 vjous ill the greater luxuriance of those plants where the 

5. Wood ashes. 187 Manure acted in some degree as a substitute for the 

23. Salt, decayed leaves'. 187 ‘ natural qualities of the laud. It has been justly re-. 

24. Salt, peat ashes .. fS5 marked, that these exjierimenta may serve as a model to 

7, Melt-dust. 184 such Agriculturists as have leisure «r inclination to in-, 

14. Salt, lime, peat.. 1S3 vestjgate the effects of different kinds of Manure on the 

19. Salt, sawdust.. ISO crops to which, they are applied; and although many of 

2:1. S#lt, peat, hone dust.. 178 them were made on substances, which are procured 

9. IX’Cayed leaves .. 173 with difficulty, or are to be had. only in small quanti- 

13. Salt, lime, sulphuric acid.. 175 tics, and cannot therefore come into general use, jet the 

21. Salt, peat . *171 t results obtained were curious and interesting, and, if fur- 

s. 1’e.at. 169 fher examined, might lead to the discovery of some vidu- 

1 ! Salt, lime. 167 . able principles as to the constitution aud improvement 

1. No Manure. 157 of soils. 

6 Sawdr t.. 155 While writing this portion of our Essay we have Project for 

‘ 2 . Lime. 150 received a faint notice of a scheme for fertilizing peat- employ mg 

moss by means of sulphuric Acid considerably diluted, dili.twl mJ- 
Ti i« remarked oy the author of these experiments as The project originated somewhere in Germany, whence 
a singular < urumstunce, that of ten different Manures, it was carried into Russia, and reduced to practice it is mob's, 
m-wtol which are of acknowledged efficacy, salt, the effects said with some appearance of success. From the North 
nt which were doubtful, n, with onft exception, superior .of Europe it found its way into Ireland, where it has 
to them all; while in combination with other substances been tried by several Agriculturists, who have expe- 
l'. hiMcv of nrum except chandler's greaves was injured by it. The rienccd much advantage from it in the improvement of 

bPi ’ energy of salt when combined with soot was very strik- • their bogs. It has been recently introduced into the 

jug. But Mr. v’ertwright was disposed to ascribe its Western parts of Scotland, where the soil bears some 

effects rather to the power which it possesses of ailruct- resemblance to that on the opposite side of St. George’s 

11 "i- moisture from the atmosphere than to any chemical Channel; but the dctuilg. which have reached us are 
action between the two substances; for the beds on neither sufficiently ample, nor so accurately described, 
which the salt was used continued visibly moister than > as to justify any opinion as to its ultimate effects. 

•he others, even for weeks after its application. Another The farmer and landowner have long had their alien- Dmilrrsta 
oircu mManc**noticed is, that the plants which grew on tion directed to the subject of Manures, as the only in Manures, 
the b< Is Manured with salt, were of a paler green than source whence any material discovery can lie derived 

the rest, but equally luxuriant; which appearance he to aid their exertions in the production of food. Much 

;tt. first icgarden as an indication of want of vigour, an has liccn done by the Mechanic in inventing and im- 
opiuion by-no means, confirmed by the result, lie proving Agricultural instruments; but the labours of 
found, too, that wherever salt Was applied, cither by the Chemist have not yet, in any essential point, in- 

itself or in combination with other substances, the roots creased the resources of the husbandman. Manures. 

. were perfectly clean.. , generally speakiug, are still as bulky, weighty, and 

Kxpcri- The same gentleman instituted two sets-of experi- expensive as they were, fifty, years ago; pnd hence t lie 

meats with ments with turnips aud buck-wheat, on & soil so .poor disheartening fact that they must be used at no great 

turnipsMd as to produce only dwarf heath and lichen. Of 400 distahee from the place at which they ure produced, while 

wheat grains, 820 consisted of silieious sand, 68 of finely lands further removed are doomed to continue sterile 

' divided matter, and 12 of moisture. Scarcely any cal- arid unproductive. • The desideratum on which practical 
eareous matter appeared. On the 6 lH of July the beds men have uow everywhere fixed their thoughts is the 
selected for each set of experiments were respectively discovery of a substance, so limited in volume and 
sown with turnip.and buck-wheat; being numbered’ weight as to'be ea-.ily conveyed from one district to 
and lilanured exactly in the same way as in the first set ; another—an esseuce, in short, or condensed principle of 
of experiments with potatoes'. On the 20tl» of .Inly fertilization, the carriage of which will not, lil-e that of 
Nos. I, 2. 4 , 5. 6 , 7. 19,. 20, 21, 22. 24, 25. showed bur common Manures, exceed the cost of purchase. It 
little w .no marks of vegetation*; the remainder were tnay, perhaps, be found in some one of the Acids or 
' vox. vi„ ■ ” . VJ ® 
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Agriculture. Alkalis, which in a highly concentrated state might he no way in which clover <;an be sown with Winter wheal, Agriculh.r 
st*iii to it distance tU siitutl expviiftc; on which account in the Spring, to greater advantage, ns the intervals nl ~» _,L 
we are the .more anxious to become acquainted with the . between the drills can be suitably lioed and the seed laid 
experiments mentioned in the last paragraph, Hi regard on a clean bed.. - ... 

the fertilizing properties of the oil of vitriol. ftut of all the apparatus recommended to the Agri- Raping 

cnltnfmt there is'pol one of greater importance to him nmeluue. 
than the Heaping machine, which however has not yet 
Implement* of Husbandry. been brought, to sucjt 'a degree of perfection as to be 

entitled to general nse. .The first attempt of this kind . 

We have already mentioned the great obligations • is said to have been made by Mr. Boyce, who about invented 1 
under which tlie pursuits of husbandry are placed tb thirty years ago obtained •'patent tor his invention. Mr. lioyct 
the ingenuity of our artisans. The inventions of the His instiumciU was’placed in a, two-wheeled carriage 
Mechanic have not unfrequently anticipated the wants of bearing some , resemblance, to. a c®rt, but the wheels 
the Agriculturist; and at this moment, accordingly, all being fixed upon the axle the latter revolved along with 
the nations of Europe look to this Country for whatever then). A cog-wheel within the carriage turned a smaller 

progress is expected in the formation of new inslru- one at the upper end of an inclined*uxis, and at the 

. CI»s ifica- ments, or iu the improvement, of the old. Such tools lower end of this was a larger wheel which gave a rapid 

***“• have usually been classed by systematic writers accord- motion to a pinion fixed upon a vertical axis in the forc¬ 

ing to their use, or the purposes for which they are era- part of the carriage and rather on .one side, so that it 
ployed; and hence Un-y may bo arranged os they went dtffore one of the wheels. , The vertical spindle 
respect ploughing, sowing, weeding, reaping, and descended to vyithin a few inches of the surface of the 
threshing; or, in other words, as they facilitate the rear- ground, and haul there a number of seythes fixed upon 
ing of the crop and the preparation of it for the market, it horizontally. Tjie machine when wheeled along cut 
in which the interest of the farmer in tha produce of his down by the rapid revolution of its scythes alargeipum- 
iand has its natural termination, tity of com; bat not being provided with *ny apparatus 

Under the head Aortcih.tural Implements in our fur gathering it up in-parcels and laying it in proper 
MMetluneou a Division, w<\ have already described the heaps, it proved wholly unfit for the purpose intended, 
chief varieties of Plough* aud. Harrow*, ‘tht- Seatijtrr, ■ Mr. Pluck net of Loudon attempted to improve it. Improved 
the Sc.uffl.er, and the Rolf. ■ but without directing his attention to its nmiti defect. 

Machines Various instruments have been used , from time tb He substituted for the scythes n circular steel plate, made “ t :K ‘ 
for sowing, lime for sowing corn, and more especially turnips, to vciry sharp at the edge, and notched on the upper side 
supersede the clumsy and wasteful method of'seat taring like a sickle. Tliis plate ojierated in the same manner 
the 6eed with the hand. It is certainly-desirable that as a very fine toothed saw, and was found to cut the 
every species of seed should be sown in a regular man- corn much better than t he implements of Mr. Boyce, 
ner and at a proper depth. In the East Indies ma- But neither by this method was. the principal objection 
chines for that purpose have been employed for Ages; removed. 

but their introduction into Europe is comparatively Mr. Salmon of Bedfordshire made a nearer approach 1>y Mr. 
speaking of recent date; and is principally to b* pttri- than auy of bis’ predecessors towards supplying the desi- Salmon, 
halted to the exertions of the tfelebratea Tull. deratum so much felt by the Agricultural community. 

Brill The Drill machine for sowing turnip-seed, says Sir His machine '.was constructed upon totally different 

machines. John Sinclair, cantiqt be too much recommended; .for principles, as it cut the corn by means of shears instead 
it has been the means of bringing the culture of-that ‘.of a circular plate; and it was provided besides with a 
plant to the highest stati of perfection. Art excellent complete 1 apparatus for layiug it down in parcels as it 
instrument for drilling peas aud beans likewise has been was cut. 

constructed. In regard to drills for the several sorts of But a still more successful effort was made by Mr.**r. 
grain, a great diversity of opinion prevails. It seems to • Smith, in the County of Perth, who, about twenty years hini1 ’’ 

be admitted, however, where wheat, Imrlcy, or oats are ago, contrived an implement for reaping which might lie 
.sown in Spring, that, for the purpose of extirpating worked by two Men. He afterwards repeatedly en- 
annual weeds, ♦ lie drilling system is to be preferred; larged the scale till it required the power of two horses; 
but in regard to Autumnal or Winter-sown wheat, and at the same tfme removed an obstacle which applied 
where the land has been fallowed, the broad-cast system to the" action of his machine on an uneven surface, 

may be advantageously adopted. Suffice it to observe that his cutter is circular and ope- 

Drill-fuc Sorae objections to the practice of drilliog eorn have rates horizontally. It is appended to a drum connected 
rovr. been removed hy the recent invention of a IJrin-fnrroMr, with foe f<fa. part efthe structure, and has its blade 
which, though peculiarly well calculated for small farms, psqjecfiiBg sotite inches beyond ;the .eircjWhferenee of the 
might likewise be used with benefit on large ones. * ft lower'end Of fife drum; the .machine being so con- 
is very simple and may lie cnyjloycd ip either of two (rived to communicate, in* moving forward, H rapid 
ways; as a box or barrow attached to the Plough, by abtatory inotion to this drum and cutter, by ,which the 
which the seed is deposited in the furrow, Ok in the sfl£$W> arioufeand falling upon'die drum aril'carried 
hands of & boy who follows the Plough for the eame roimdami thrown ojf in regular, roWs. TKI* ingenious 
purpose. The advantages of this machine,arc; 1. that jrietfe of mnebirtefy will reap about an acre in the hour, 

• the seed being dropped at a proper depth takes a fast during which period (he cutter requires to be three or 
hold ot the ground, and is not affected by the Winter’s fodt tintes sharpened. The delay occasioned by this 
frost; 2. the seed may be deposited by means of it in nebtpfUy might perhaps be obviated oft the principle 
wimly weather, when broad-cast sowing would be at- adapted by Mr. Gladstones, who attached Kf the Pluek- 
tended. with difficulty; 3. any weeds growing hetween net implement a small wooden wheejt covered with 
the rows can be completely extirpated; and 4. there is , Sifhiqh being always in contactyjrith the greht 
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Agriculture.cutter at the back part, ©r opposite side to that where while the work is in all respects better dour Nothinir A L. 

v—the operation of cutting; was performed, kept it con- cohid be more barbarous than the mo.Jt ndimk.,1 bv - V, 

stantly ground to a sharp edg^,.. The expense of Mr. some of the Ancients of separating the gtnin i,,,,,, t |,e 

Smith’s invention is estimated-n't from to £ 4 j ; and straw, either by burning the latter, or by tremhnir One 

if properly managed it will list, for .^rtiilmy years, requir- whole Under the feet of oxen. Even llte Flail was a very * 

. jng only a new’cutter at-certald Intervals. But notwith- imperfect and fatiguing instrument. Tlireshiag-niachin. s 
standing the most promising appearances,'it is doubt- are now common everywhere, and mny.it is well known, 
ful whether the practical'firmer. is yet inspired with be Worked by horses or water, wind or steam. Water 
sufficient canfidence in 'ita-fitness for ail Sorts of work, is by far the best power, but as a full supply cannot at 
-{• to afford, the enedurag^paitht twdessary to bring i{ into all types be had, horses are still employed more gene- 
general ttse. Fig.23. '' rally than any of the other motive energies, 

by Mr. We have to. mention another attempt of this nature The essential parts of the machine will he fully un- 

Bell. ( made by .the Reverend Mr. Bell, a gentleman distrn- derstoodf'rom ait inspection of the engraving. Among 
guished for considerable scientific ottuiptBCols, His in a- the various modifications which are occasionally intro- 
chine was trird at Powrie.fh the County of Forfar,' about duct’d, one of the most useful is what is called the 
three year* agr?, in hutting dowu outs, barley, and, wheat, Travelling Shaker,, the indention of which is to convey the Towelling 
on ground of uneven .surface ind considerable declivity, straw, after it is separated from the corn, to the straw- Shaker.. 
It takes in a range of about five fcpt i cutting within barn, slinking it completely as it goes nlong. Allwell-eon- * , 
three or four iticbes bf theVbrtt; arid depositing the . structed Threshing-mills have one Winnowing in net line 
grain, as it advances, in a very regular, manuer. It is which separates the, chaff from the corn before it reaches 
worked by one hurse, and clears about dnimperial am the ground ; and u second sometimes receives it from 
per hour. Its cost maybe calculated at nearly £§0. the first, and gives it out in a state nearly ready for 
In the opinion of a skilful Agriculturist who witnessed market at the hate of six or eight quarters in the hour, 
the trial of it^powers, it is better fitted than any other to If tfie dimensions of the budding do not admit of this 
supersede the sickle, and thereby to • confer a general last addition, a separate Winnowing machine is soine- 
benefit on the occupiers of land. Fig. 24. times moved by.a belt connected with the mill; saving 

As the process of reaping in onr variable climate is in either case a great amount of manual labour. With 
attended with many interruptions and much expense, no a powerful water-mill it cannot be doubted that corn is 
means have been {eft ’ untried lor facilitating the ojiera- threshed and.dressed for the market at an expense not 
IJftinaiilt tion. 'Die Main null scythe had long been recommended exceeding that which was incurred by the old process 
scythe, as a better implement for this purpose than fh* sickle or for threshing alone. The great advantage, too, of 
scythe in common use; lor which reason two young transferring, forty or fifty quarters • of grain in a few 
men were brought, over from Flanders, under the sanction hours, and under the eye of the master, from the yard 
of the French Consul at Edinburgh, to afford a practical to the granary, is' of itself sufficient to recommend this 
demonstration of the superiority of their instrument, and, invaluable.machine, even though it were pot also more 
at the same time, to instruct the British labourers in the economical. Fig. 28. 

use of it. The trials were made, ©Her, public notice in The author .of the Treatise on Itural Affairs has 
several parts of Scotland, with the different varieties of flirnishett the (oliowing estimate of the profit that might 
grain, and unifer different circumstances as to the stale be derived by the Public were Threshing-mills uuiveraally 
of the crop, as to being light or heavy, standing or laid; adopted. He calculates, 
and the results are said to have been very much in its l.The number of acres’producing grain 

favour. The. straw was cut nearly as close as with the in Brilain ot. . 8,000,000 

common scythe, taken up dean, except where-the crop 2. The average pnidui in quarters at 

was very thin, and laid down regularly in the proper . lhree per a ^ e .•. 24,000,000 

state for binding and threshing. A man with this tool 3< The j ncreagl . t | ( , uanl ity of grain ob- 
will cut about half an acre a day; and the consequent 4ained by Threshingpiills, comper- 

Kiiviiig compared with the common sickle has been cal- 'edwith the Flail, ot one-tweutieih 

euluted at fully one thisd. Fig. 2h and 26*, . . 0 f Uie whole, or in quarters at.. . 1,200,000 

Hm*se _ Wherever com w cut with the scythe the Hone Rake 4. The vtl |„ er> f (| m t increase! quantity 
Kake. is fouiyl. a useful implement* for eavmjf in anna) labour© at forly ^ per t]liarler .... 2,400,01)0 

as it must also be >n the process oT roaklrtg hay, A ^ Xh<J snv |„ s iT1 „pe nse of labour at 

model warrecently broughti ffpin Aiuench by a gifntle- one shilling per quarter. 1,200,000 

man who had visited the Uptted .Slates, and the in- R The total profit urr annum, if all 
strmueut itself is.aow gmerMly uted ut certain d**™* . ' were threshed by machinery, at.. 3,600,000 

of Great Britain. Th* teeth are of iron, l4 or l a inches <7. The actual profit per annum .'on tlte 

in length, and set five pr six inches apart from each . . . SU p pos i tMK1 , llat w ,i y half of the 

oilier; and on the whole, thp cp«.\tr^tfwri» very^mple. ; . . ^ pri>4uoed were tWhed by 

A man and horse arc said U* be able to dear from 20 to , machinefi at. 1,800,000 

30 acres iu nduy* disposing the. grain inline* across . 

the field, by lifting up the rake aniidropjdqg: it from the ""Tu addition to Uie implements already described we M*»l* 
teeth without stopping the horse. We bav« no doubt flkitjgUt mention the Chaff-cutter, the Turnip-sheer, the ^ 
that it wifi heextensi vaiy int rod need'into ail parts oT Uui Steaming apparatusfor preparing the food of cattle, and 
Kingdom as dvery useful inyeuliptv ’ Fig. 27. p Machine far bruising the corn whieA is given to horse*. 

Threshing Among Agricultural implements no one i* entitled to .. This last is of greater value than it is usually imagined, 
machine, higher commendation fo* itH various uses than that which,, -as many ho.sea are known to swallow their o»i» without 
th employed tor. Vhmkhgg whd- clearing bon. . The complete mastication.'while others which have lost their 
saving oftabbUvby mean* oft his invention «Very great teeth derive much advantage from tins artificialaasist- 
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Agriculture, ance. We must pass over with a similar brevity the 
'—■’v™-' various descriptions of wheel-carriages which are used on 
farms, ftomthe Irish car to the Gloucestershire waggon. 
There 1 are besides various mechanical inventions used 
'* for harvesting corn, and depositing it safely in the barn 
yard. Sir J. Sinclair holds the opinion that stacks arc 
greatly preferable to barns, more especially since the 
plan has been adapted of placing the former on stone 
or cast-iron pillars, by which the corn is kept perfectly 


of Autumnal ploughing is confined to strong adhesive Agrhndtu 
soils, which by means of the frost acting on the redun¬ 
dant moisture, unquestionably renders them more‘fria¬ 
ble, and, of course, fitter for the reception of all kinds 
of seed. 

It ought to be especially observed that no land, what¬ 
ever may be its qualities, should be ploughed in a state 
of wetness. Tenacious soils, when subjected to 'the 
operation of ploughing in such a condition, are apt to 


Ground n 
to bo 
ploughed 
whin; wet 


Bosses for dry, and the ravages of vermin are prevented, fn some run together into lumps, which it is afterwards extremely 


corn stacks districts, if the season be wCt, stucks have bosses placed 
in the centre, consisting of a triangle of wood, throtigh 
which the air has freedom to circulate nearly to the top 
of the stack. If the grain has not been quite dry, it 
gains much advantage from this simple expedient. 
Fig. 29. 

On Tillage. 

Having examined the constitution of soils, the modes 
of draining and irrigation, the various kinds of manure, 
and the principal implements which are used in hus¬ 
bandry, we are now prepared to accompany the farmer 
in the more practical branches of his profession, and to 
record his progress in the culture of his fields and the 
growing of his‘crops. It is, indeed, customary before 
proceeding to the actual processes of ploughing, sowing, 
and reaping, to make a scries of observations ou the 
different plans which have been adopted in the Agri¬ 
cultural districts of the Kingdom, for dividing fields and 
erectiug fences. To this is not uufrequently added a 
dissertation On rural establishments, comprehending a 
view of the ‘several buildings wliich may be thought 
necessary to accommodate the tenant, his servants, his 
cattle, as well as his plgS and poultry^ and, at tbe same 
time, supply the means of protecting his crop;* his,corn, 
potatoes, turnips, and hay, from the effects of min' -“■* 


Turning up 
the soil. 


Fittest 

season. 


difficult to reduce; besides being greatly injured by the 
treading of the cattle, whose feet mjke holes which be¬ 
come fiilc'd with putrid water. This observation upplies 
chiefiy to marshy fields, which have been recently brought 
into cultivation, and which, above all others, ought not to 
be endangered by an unseasonable renewal of Tillage. 

In highly improved districts, great uttention is paid 
to the dimensions of the furrow, and the angle at which 
it is made to rest. When the breadth and depth arc 
nearly equal, it turns over very naturally at an angle of 
forty-five degrees; but when the breadth much exceeds 
the depth, it falls over in- nearly a flat position, each 
successive one overlapping a little the preceding. The 
nature and condition of the land determine the prefer¬ 
ence to be given to each of these modes of ploughing. 
The square slice is considered best adapted tor laying 
up stubble land after harvest, to be exposed dining the 
Winter as a preparation for fallow or turnips. The 
shallow slice with considerable breadth is convenient 
for breaking up old pastures, because while it conceals 
the grassy turf, the fertile soil is not buried loo deep. 
No wise farmer approves that style of arntiou which 
makes the depth of the furrow slice exceed the breadth. 

Generally speaking, hi determining the depth of the 
furrow, the quality of the soft, amt the kind of crop to 
be raised, must be attentively Considered. Some shallow 
soils arc extremely fertile, but rest on a substiatmu 
frost. We abstain from such details, not only because ; which is extrejnely injurious to vegetation. In such 
our plait is inconsistent with excessive minuteness, but cases, deep ploughing would be highly improper; but, 
more especially because there is no fixed rule which on the other hand, when subsoil contains ingredients, 
could be made to apply to any number of contiguous such as calcareous "and soluble matter, which serve to 
farms, much less to the whole country. The fences increase ita productive qualities, it may be useful to the 
which are found most suitable in Devonshire would not'• crop to have a portion of them occasionally turned up 
answer iit Cumberland; aud the style of house which by the plough. Mr. Young recommends that one deep 
affords the greatest comfort in Caithness, would be re- ploughing'should be given every Becond year; after 
jected on the banks of the Severn and the Thames, os which, he maintains, that a mere stirring of the surface 
inconvenient and devoid of elegance. answers belter than very deep working. •Even for the 

The first step is to turn up the.soil and prepare it fbr ..purposes of clcauing, it is found .that an ebb furrow, 
the reception of the seed. But before the operation of followed by regular hand-hoeing is much more effectual 
the plough begins, it is of no small importance to con¬ 
sider the nature of the land, the season of the year, and, 
the species oi crop wliich it is proposed to raise. It i^’a 
general opinion that there are feel soils winch are not 
improved by being turned up about the end of Autumn 
or beginning of Winter, as it is understood Unit they 
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tlum any attempt-to bury tbe weeds, 

' For certain crops, indeed, shell as carrots and pars¬ 
nips, deep ploughing is indispensably requisite. In 
soils which can admit of it, trench-ploughing is found 
advantageous ; a process which is accomplished by one 
„ , plough.fbJJowiug another iu‘ the same furrow, aud the 

.thereby absorb a great quantity of moisture to meet the" second throwing ita slice on the top of that which has been 
demands of the following Summer; whereas, if they' turned over by the first. In this way the land fs corn- 
arp not ploughed till the Spring, the rapid evaporation* pletely mined to the depth of twelve or thirteen infches. 
which ensues occasions a deficiency of one of the es^eal'mf -' r- - a.iu v-v——<:— -u. *_ 1 - 

elements* of vegetable life. It is supposed, too, thatUm 
furrow exposed during the cold season becomes mellowj 
and derives, moreover, some beneficial influence fipi^ 
the atmosphere ; au opinion which may be traced bjfclc 
to the days of Virgil, and perhaps to an epoch still m&e 
ancient. But the experience of modem times does not 
altogether confirm the judgment of the Greeks and 
Honiara in this particular point. Tlie principal benefit 


.In ploughing a field some' attention ought to be paid 
to the breadtl) of the ridges, or the distance of the 
vrater-furrows from each other; for upon this arrange- 
jmeat depends "not only the proper draining of the sur¬ 
face, but also the regular application of manure, the 
eqiial distribution of (ne seed, the weeding, reaping, ami 
other.branches of manual labour. It is likewise' recora- 
i mended by experienced farmers that as far as the situa¬ 
tion, of a field wilt aduiit of it, the direction of Uie ridges 
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. Should be North end South. Deviations from this rule, But as Sir II. Davy observes, there issome reason to » 
for the purpose of drainage, or on account of the par-, suspect that the,benefits derived from Fallowing have - ^ 
ticular form of an inclosure, may be sometimes neces- been greatly overrated; and although it maybe ad- 
sary. But it seems always advantageous to bring the mitted as necessary in lands much infested with weeds l>»vy’» Dis¬ 
course of the ridges as near as possible to the line above- and particularly on such as cannot be pared and burned h c,iun » <0 
mentioned; for it appears that in those which have an with advantage, it must nevertheless, on the whole,be 
East and Westerly, direction, even when the elevation pronounced unprofitable as a part of general husbandry, 
is not considerable., the crop on the South side has lie rejects the doctrine that certain principles necessary 
ripened a week earlier than that on the North. to fertility are derived from the atmospheie, and supplied 

Great diversity of opinion prevails as to the proper to the pulverized soil, during its repose and repeated 
breadth of ridges; a point which, it is manifest, depends exposure to the air; as well as the old opinion as to the 
altogether on thc^qualities of the soil. Where the efleets of nitrous salts on vegetation. By the di-com- 
land is o£ &' light* sandy nature, the ridges may with position of the weeds buried under the furrow a certain 
perfect safety be made both flat and broad; whereas on quantity of soluble matter is no doubt furnished to the 
a stiff clay, they should bo more narrow'as well as land; but it may be questioned whether the portion of 
higher and of a rounded form, that the red»ndaqk mois- useful manure in a Held at the end of a clear fallow, is 
ture may be discharged. On%onie such soils a ridge of equal to what it coutained when the operation corn- 
three or four feet is considered sufficiently wide; and in menced. By the action of the vegetable matter on the 
Essex, especially, this method is found to yitld better oxygen of the atmosphere carbonic Acid gas.is formed; 
crops tha» when the water-furrows are placed at more but the greater part of it is dissipated and lost to the 
distant intervals. But as we have already suggested, farmer. The rapidity, of the decomposition of the solu- 
there is no uniformity in this particular, the practice ble substances contained in the soil is greatly promoted, 
being regulated in every County by the properties which and the volatile fluids ure exhaled by the influence of 
distinguish the various farms, as also by the uses to the Sun; but at the very time when a large quantity of 
which the laftd is applied. nutritious matter is produced.there are no useful plants 

There is no subject connected with Agriculture on to derive any benefit from it. 
which there has been a greater change of practice as The whole theory of Fallowing, if we omit the mere Hii gene- 
well as of theory, than the ancient usage of Fallowing, eradication of weeds, rests on the principle that land, tal remarks. 
A vague notion seems to have prevailed in all th? Coun- while not employed in raising a regular crop, may be so 
tries of Europe that the exhausted soil required some treated as to supply food for itself, or, in other wools, 
time for Repose, in order to recover its wasted fer- to improve its productive qualities. This object, us we 
tility. At the present day many authors maintain that, have elsewhere stated, may be in a great measure accorn- 
under good management, and a proper succession of plished by means of succulent vegetables grown for the 
crops, it is hardly ever necessary for most kinds of land; purpose of being ploughed down. But during a Sum- 
while others with equal confidence assert, that Summer mer fallow, properly so called, no crop is produced 
Fallowing forms an essential part of a system of good either for food to animals or for the nourishment of the 
husbandry, aud that on certain soils it is altogether soil itself. Even the texture 3f the furrow is less im- 
indispensable. The avowed object of this process is, proved than during, its exposure in Winter, when the 
to clear the ground from weeds, and toVednce it to that freezing of the moisture it contains has the. effect of 
consistence which is necessary to healthy vegetation, reducing it to a geutle condition. Besides, since the 
The more zealous advocates, of the. practice admit, . drill-husbandry Jms been introduced the land is kept 
though with reluctance, that it may be restricted to clay free from weeds by hand-hoeing, and manure is supplied 
soils, and to those which are of a tenacious quality; such either by the green crops themselves, or from the tiling 
being apt to retain a superabundance of moisture, and of the animals which feed upon them. Il is the peculiar 
to be thereby rendered very often unfit for receiving advantage of the convertible system of cultivation that 
cultivation at .the usual season. Ploughingin Summer, the whole of the manure is employed; those parts of it 
they reining us, reduces the hardened mould to the which are less fitted for one crop being suitable for the 
degree of friability anil minuteness of division which are nourishment of another. Thus the quantity applied to 
essential to the concoction Of the iaanurc, to the ap- turnips affords a sufficient portion of soluble matter not 
proach of the genial atmospheric influences, and .to the only for their growth, but also for that of the barley 
ready nourishment.of the plants. The soil from being which follows in the, regular succession of modern bus- 
brought repeatedly in Contact with the air is supplied bandry. Nay the grass-seeds derive from the .<ame 
witli a larger proportion of oxygen, which uniting with supply an abundant source of luxuriance, while the ryc- 
the carbonaceous matter deposited' by the husbandman, grass and clover remain, w hich draw a very small part 
produces an acid extremely beneficial to all the vege* of their organized matter from the soil, or only consume 
table tribes. According to the-same hypothetical rea- the gypsum, a mineral ingredient of little use'to other 
soning, the water which is alwdrbed by the pulverized plants. These grasses ure supposed to receive a large 
field is decomposed, and Us hydrogen combining vyitlt poJhipu of their nourishment from the atmosphere, and 
the azote of the air forms ammonia, while another por-' their roots and leaves when ploughed down at the end of 
tiun of oxygen uniting with part or the nitrogen fur- two jetirs, supply a pabulum to the succeeding wheat 
nishes one of the ingredients, of potash, anvl thereby crop. At this stage of the course the farm-yard manure, 
contributes greatly, to the improvement of the land, which contains phosphate of lime and other matters of 
Certain vicissitudes of temperature, too, which, no doubt, difficult solubility, is folly decomposed ; mid as soon as 
take place wherever any decomposition or Chemical the most exhausting crop is raised the application oi 
change in the coustitnetit parts of bodies is effected, are similar substances is repeated. 

also supposed to be useful, either directly or indirectly. These remarks were suggested to Sir II. Davy by Mr.Gregg’s 
in promoting the growth ofplanta. - considering Mr. Coke’s plan of cultivation independent system. 
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Agriculture, of Summer Fallowing. Mr. Gregg, whnee ingenious 
system was published by the Board of Agriculture, had 
the merit of first adopting' n similar plan on strong clays. 
Ue *llpws- the ground alter barley to remain two years 
, in gfiws; them sows peasimrl beans; afterwards ploughs 
id'the stubble'of these crops lor wheat-; and, in some 
instances, fallows the wheat by a course of Winter lares 
and barley, which is cut in the Spring before the land is 
sowed with turnips. 

' There can be no doubt that were it possible to devise 
any method of cropping by -which tire produce, fertility,' 
and good condition of the soil could, be maintained 
without the intervention ofaSummo.r Puliow.-th* saving 
w F°nld be very great. Mr. Middleton accordingly, iu his 

vations. R'7 jnr t °f Slate of Agrindtnre in Middlesex, when 

speaking of the advantages to be gained by iv. pro|>er 
succession of crops, very justly remarks, that tlie “ beue- 
tits to be derived from this measure, are not to be esti¬ 
mated. Among’the first of these will stand the abo¬ 
lition of Fallows, and the introduction of green crops to 
supply their place, over an extent of about three mil¬ 
lions of acres of a ruble land which have hitherto, under 
the Fallow system, produced nothing during the Fallow' 
year. -So far as tares arjtf turnips, or potatoes and 
ytat^or turnips and potatoes, or any two good .crops 
j y’an be raised iu one year, in place gif a Fallowq.tbe pro* 

--* duee will be double in quantity what it has been Under 

the former system. There are about nine millions of 
acres in England and Wales in the course of two crops 
and a Fallow; that is, six in crop anil three in Fallow; 
from which it appears that by [wopuring one crop in 
place of the Fallow, one half more is added to the former 
produce.’’ 

Fallows iliv According to a- statement mode hy Sir Jobp Sin- 
uwdinthe elair, in Ftis Hints on the Agricultural State.of the. 
NeUior- Netherlands, Fallows are more rarely practised it) Flan¬ 
ders than formerly, and»ih some districts are entirely 
abolished. 'Die succession, of crops bo strong lands in 
the neighbourhood of Bruges lit the fcjllowibg; Fallow, 
winter barley, beaus, Wheat,bats: sometimes.there is a ' 
Fallow every fourth year, and sometimes wheat and, Fal¬ 
low alternate. But in the Plain. qfFieurua, iu the Wal¬ 
loon Couptry, Fallows are npw i»rely,aeen. At one pe¬ 
riod they were enforced by a clause ini the, leases as an 
indispensable part of husbandry 1* that fertile district. 
M. Mondez, who was. ’Well acquainted with Flemish 
fanning, when he entered .oii the possession af. grounds 
near the town just aamed, having stipulated, with Ids 
landlord that he should be at liberty to. pursue a differ¬ 
ent plan of cultivation, took" the lead in Ibis great (im¬ 
provement ; bud for a period of %ty years he. seldom 
.had occasion to practise Summer Fallow. Hesaper* 
seded tiie old method by introducing a., judicious rota¬ 
tion of crops. Tite culture of .beans, fur example, is 
successfully practised in other partifiWtQsd of a Failow, 
This crop is succeeded, by au ahundbat.one of whealmr 
Winter barley; and it is added by-j&r-JdhU. " that this 
system merits to be encouraged fipvtbe,great sdvaqgige 
derived from it & for Without .any additiooalmanure, 
which however it teadhto, fur«iah',it retain* .the fields 
" in as, high a slate, id - fertility as cati ba done by .the Fal¬ 
low system; it exacts hut a moderate, xtegrew of atten- 
tion, and it . requires neither ahy exteuordiaaryexpense 

nor hazardous, sombiaationa/’. .. r ' v 

Tike same author informs us,. thpl it is now q. maxim 
in the Plain of Fienras that, wherever it is possible to 
manure the laud fully every ninth year,. Fgt&ws are per- 


lanclif, 


fectly unnecessary; and he notices a Paper on this sub- Agriculture, 
ject by M. Burljn of Brussels, who recommends mixing 
sand with the soil, to alter and improve its texture, and 
burning clay in large masses 5 for l he same purpose, as a 
substitute for Summer ploughing. At .one time, we «n<l in 
may remark. Fallowing was- so much practised in 
Swisserlaml that- it idternated with every crop; but at lw “ 1, 
present it is almost entirely given up- the necessity for 
it being precluded by the following rotation, wheat, car- • 
rots, vetches”, barley, potatoes. 

In* Norfolk a kind of Fallow, denominated by the Norfolk 
formers a Bastard summer tilt, is occasionally practised. 

If it shall appear that a piece of ground from which lluraim ‘ t 1 ‘ 
olover or so.tqo other cultivated grass has been cut, is ** 
not sufficiently clear for the reception of the following 
wheat crop, it is ploughed.two or three times, if it can 
be' accomplished, before harvest; and, when it is neces¬ 
sary, the assiduous application of the roller and harrows 
is uot neglected. For die purpose of clearing pea- 
stubble, .it' is also subjected to a similar, operation. 

When the crop is removed from the land, the straw is 
harrowed up, collected, and carried away. A single 
plgaghmg is then given; after which the ground re¬ 
mains in that state till the conclusion of the harvest,' 
when it receives two cross ploughing^, tud finally, a 
fourth as a preparation for the seed. 

* Drill sowing. 

As the improvement now mentioned has arisen chiefly 
from the introduction of green crops cultivated on ih« 
plan of what is called the Drdl Husbandry, we shall 
make a few observations on its history and advantages. 

It has been already stated, that this method was intro- Introduced 
duced into Britain by Mr. Jethro Tull, a gentleman in £} J Ir * 
Berkshire, who upplied. it to his own property about the 1,1 ’ 
year. 1713. Struck with the remarkable effects'which 
the new mode produced, arid ascribing the abundant 
crops which he obtained to the perfect culture thereby 
accomplished, rather than to like fertilizing qualities of 
the manure, he extolled tiie discovery beyond all bounds. ' 
Htdescribed H as calculated to supersede the necessity 
of manure, altogether, the application of which he viewed 
as a waste of time, labour, and expense. By thus over- m, 
rating the advantages of Drilling, and loading ii with tuU». 
erroneous views on points uot necessarily connected with 
H, there is .reason, to believe that lie retarded the pro- 

£ c 8» of his favourite system. In the preset day when 
e utility of manprejis so well hnderstodrJ, there is no 
danger that any (me will be misled by the opinions of 
Mr. TulU.wo4 -weeujoy, accordingly all the benefit of 
his practice without incurring tiie-hazard of his hypo¬ 
thetical conclusions..” it requited the enthusiasm of an 
invpatoi towarm lhe head to Such ah extentas to induce 
a. pysefieut Agriculturist to overlook. the necessity of 
recruiting the energies of tiieaoil, or,to.imagine that the 
beat directed labour would, ever supersede the applica¬ 
tion of. manure-.. r ^ - 

■ The.main advantages derived from the .practice of A«lv»n 
^ruling me understood to he, a saving.of stod ; a more tage*. 
regular a«d, certe«t powtb, fromtkejied being more 
rdgufotjy deposited.}. a more abithpant crop and of u 
better, quality; tliVmote easy and effectual destruction 
of q«*ds; hnrYesiuqr jiie crop at less Expense and iii a 
cleaner state; and toe more perfect iruhivation of the 
soil by means whereof it is left in a better condition for 
the. next sqwing. The obje<dioa*.ta it apply uot to the Objection*, 
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Agriculture, process itself bat to the difficulty of having it well per- luxuriant crop is not to be expected, the distance may Agriculture. 

formed, and tile bad effects which result from awkward be reduced with advantage to the narrower limits of -v~- / 

Mr. Aiikh'i workmanship. But the experiments made-.by Mr. Amos, eight inches. 

rSl" detailed at length in his Trealitt on Drill Hunbatidry , The process of Drilling, or the deposition of Method of 

have removed all doubt as to tha superior excellence of rows by means of a machine, requires consider,tb'e eyre ifollmg. 
-this method. His investigations Werainade On different in the performance. The points which demand pmii_ 
soils ■, and In ail of lliem, two. acres of laud, laid up in cular attention are the keeping the rows straight and ut 

ridges of eleven feet broad, were sown alternately broad- equal distances tiffou ghoul their whole length, the drop- 

cast, and with the Drill machine. We may state one or ping the seed at a proper depth,-and the delivering it in 

two of the results ;• observing that the sum placed oppo- proper quantity according to its kind and the nature of 

site to the name'of the crop denotes .the superior Value the soil. For these purposes the ground oiu>t have 

of that which was Drilled compared with the-produce of been previously well prepared by repeated ploughing-and 

the broad-cast. * harrowing,except in the special case of Drilling beans wiih 

' f - £ , j one furrow. This operation is generally performed in 

Oats on stiff loam .. I 8 0 the course of ploughing, either by a person pushing 

Coleseed after the oats.-.. .., 0 l 0 forward a Drill barrow, or by attaching a hopper ami 

Barley after the coleseed .. .*...1 5 3 wheel with the necessary apparatus to the plough itself. . 

Beans after .the barley . 1 1 3 The mode of regulating the depth of the Drill, and the 

N^hent after the beans.;.1 14 5 quantity of seed delivered, must de]fend on the kind of 

Turnips on sandy loam. 0 S 9 Drill used, and only requires attention in the holder. 

Bariev after the turnips .. 0 17 10 In Drilling-turnips the land is moslcommonly made up 

Red clover after the barley. 0 10 6 into ridgelets, at the distance of twenty-seven or thirty 

Wheat utter the red clover... 19 9 inches from centre to centre, formed by a single bout, or 

. Potatoes on sandy loam, part hand-hoed, double motion, of the common plough. The Northum- 

nud part horse-hoed, in favour of the be riant! machine, which sows two rows at once, is then 

lutter....'. . . 3 IS 10 drawn over them by one horse walking between the 

Barley after the potatoes.. ... T 16 2 ridges without a driver; the holder at once performing 

Bed clover after the'barley. 0 13 6 that otReffond keeping (he instrument steady on the top 

V\ heal after the red clover .!.! . 1 16 0 of the Drills, or ridgelets, as they art sometimes*called. 

Cabbages on stiff loam, part hand-hoed One of the two rollers smooths the surface beioie the 

and part horse-hoed, in favour of the seed is deposited, and the oilier follows to cover it and 

latter. j> 10 9 Compress the soil. In Drilling corn, several rows arc 

' sown at once, and great care is-requisite to keep the 

We ourselves have witnessed experiments on the machine steady mid in a straight line. If only fire rows 

comparative advantages of Drilling and broad-cast, in ore done at-once, die work may be performed with one 

regard particularly to wheat and,oats ; and the'rcaiflt in horse and a plough.nan, but if the implement is m large 
all cases has tended to prove the decided superiority of as to cover nine or ten rows, there must life two horses 
the former. Not only is the quantity greater, but the , in the yoke, and guided by a driver. 

quality is considerably better; nnd if the season-has For the Northumberland Drilling machine, we refer Xorilmm. 

been wet or otherwise unfavourable, the iatter point of to fig. 30. The roller a which goes before the seed I tvl.nvl 

No saving improvement is still more manifest. It deserves to lie lias two concavities, and thus leaves the ridgelets in (lie 

in wi.l. remarked, however, that the saving of seed is quite iilu- very best form for receiving it-; after it is sown, two light 

sory, for the best farmers bestow as much on the land rollers, b b, follow and cover it; 

in the fosiii of Drilling as when it is scattered from the Of corn-drills, Morton’s improvedgrain Drill machine Morion's 

Intervals band. Nor ought it to escape attention that a gixwt deal is undoubtedly the best mid simplest. In it three liop- Drill >na- 

jjiaiT" depends on the distance between the tows or Prill* ; a pers are iucluded ill one box, the seed escaping out of chin,? * 

“ *' branch of the subject which has been well illustrated by all the three by the revolution of three cy linders upon 

111 r. Young, uitiugh fats conclusion* .are not entitled to one axle; nnd Drills of different breadths are produced 

the authority they would have'possessed- had all the ex- by the simple shifting of a nut that fixes a screw* moving 

•jierimcnts been performed off the same soil and under id a groove in the under frame, by which the distance 
the same management;*" Mr. Tull, it is well known, between the two outside conductors and the centra! one 
recommended the Drilling of wheat, barley, and other (which is fixed) can be varied from nine to eleven inches, 
corn crops, at the distance of. three, four, and even five And in order that the two small wheels may be always 
feet between the rows; but »a this part of his practice at the same distances respectively as. the conductors, 
was ’connected with the hypothesis that a well-directed there are two washers, or hollow cylinders, an inch in 
culture might supersede all other menus of fertilizing breadth, in the axle arms of each, which may be trans- 
land, he has not been follow ed, except by a few Indivi- ftrrcd either to the outside or inside of the wheels, so as 
duals who were drterfnirikd to adopt hi* whole systeiti, to make this distance from the outside conductors, muo, 
nod attempt to produce plentiful harvests without the aid tetf,,or eleven inches respectively, 'The small wheels 
■ of manure. It is obvious, that the number of rows in a may be raised or depressed, so as ■ to alter the depth at 
given space should l<e regulated by the* nature of the winch the seed shall be deposited, by the action ot a 
soil and the’species of the plants; strong land requiring wedge which retains the upright part of tin* axle in any ^ 

more room for its rank vegetation, and' that which is one of a number of notches, which are made similarly m 
lighter admitting the Drill* at a smaller distance from both, and wlifeli are cuughi by an iron plate on the upper 
one another. From' ten to fourteen inches is reconi- side of the arms which carry the axle. This machine, 
mended as a sufficient interval, for rows of tjorn where soys Mr. Loudon, may be still further improved by ili¬ 
the field I* In good condition; but ill cases where a creasing Ihe number of conductors from three to live. 
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Agriculture, an improvement, we may add, which has already taken 
x—-v-"*"' place. Fig. 31. 

t System of Cropping 

Modes of The great variety of soil and climate in this Country 
clwsifica- suggests ami cyen renders necessary a considerable dit- 
twa. ferenoe in the kind of crops that mus^ be raised by the 
farmer, who, in this important matter, is frequently de¬ 
prived of nil power of choice. In n systematic point of 
view, the produce of land may be considered under such 
several heads as shall happen to suit the object of the 
■writer; the ■ main distinction being founded on its uses 
and application, as food for Man, or for the lower ani¬ 
mals : the former class comprehends the various species 
of corn, wheat, barley, rye, oats, peas, and beans; 
while the latter may be extended to nil the vegetable 
tribes which fell under the denomination of green crops. 
It is munifest, however, that thisdistribution does not rest 
on any fixed principle, because there is none of the cere- 
alia, or genera of grasses, from which the human being 
derives his subsistence, which tnay not be applied with 
equal success to the tenants of the stable, the cow-house, 
and the ibid. Perhaps 0 clearer distinction might be 
founded on the property of being culmiferous or other¬ 
wise, thus dividing the products oflaRd into such as are 
cultivated for their seeds, and such as are .cultivated for 
their leaves; but as our object is to meet the conve¬ 
nience of the common reader, rather than to comply 
with the requisitions of a theory not well established, 
we shall proceed to give ail account of those crops which 
1 chiefly occupy the attention of the British Agriculturist, 
end supply the ordinary demand of our markets. 

Wheat. Of these IVheat deservedly occupies tile first place, as 
being in these Islands the main stuff of bread. It is uni¬ 
versally admitted that the soils must suitable for this 
species of grain are those of a strong, loamy, and evetj 
clayey description; but it is not denied,.at the same 
time, that where manure cau be had in.abundance, and' 
the climate is not altogether'unfavourable, Wheat may 
be raised successfully on lands of a much lighter nature. 
As far as our own experience goes, we should say that 
not less depends on the subsoil than oh the qualities of 
the pulverized portion which is turned .up by the plough; 
for as the fibres descend to a great depth in search of 
nutriment, the plants sustain a serious injury from con¬ 
tact with ferruginous ingredients, irt die subjacent strata. 
Before the introduction of turnips and ckiver, all lands 
not decidedly cohesive were thought’ quite unfit for 
Wheat; but it is one of the many advantages arising 
from the use of green crops that new powers have been 
thereby added to the soil, ami its capabilities enlarged. 

Till a very recent period, Wheat was hardly ever sown 
but afier a regular summer fallow;.a r method which is 
openly condemned by Mr. Young, in bis Calendar of 
Agriculture. “ If,” says he. “ there be oue practice in 
hti.ihaudry pr.oved by modern experience, to be worse 
than uuother, it is that of sowing Wheat in fellows. If. 
tallows be thought necessary, let them lie sown with 
barley, or oats, or any. thing but Wheat. Hut Wheat 
may. be advantageously cultivated after clover, tares, 
peas, beans, turnips, potatoes, and similar crops, regu¬ 
lating the succession according to the nature of the soil 
and the condition of the land.” Beaus which have been 
under suitable culture, are considered by him as the 
best preparation for Wheat; clover and tares being the 
next in order regarded ns preparatory sowings. But 


Sowing. 


whether Wheat be sown in fallow, or whatever may be Agriculture 
the preceding crop, it is scarcely necessary to observe ^ 

that the land should be iu a friable and pulverized state, 
and completely cleared of weeds. When Wheat succeeds 
beans, the state of the weather, will seldom permit more 
than one ploughing; for which reason, before this be . 
attempted, the operation of cross-harrowing is strongly 
recommended, os well for the purpose of levelling the 
rows, as for clearing the surface from cumbersome weeds 
and straw. To preserve the crop ; from the effects of 
moisture, during the Winter, the ridges should, be ga¬ 
thered up or raised in the middle, and the open furrows 
on each side be kept free from dhstructions. When 
Wheat is sown after clover, a still greater degree of atten- * 
tion to the process of ploughing becomes necessary, in 
order that the grass roots may be completely covered ; 
for when this part of the work is carelessly executed, 
the remaining stems vegetate and scud up shoots, to the 
material injury of the young plants. 

But the cares of the farmer are not confined to the Varieties, 
cultivation of the fields meant for Wheat. >IIe must 
exercise a similar vigilance and discernment in the sc- 
lection of the seed ; and 'this not only as it respects the 
quality of the graiu, but the kind or species which may 
be proved most answerable to his soil and Climate, which 
every day of the year either aid or oppose his exertions. 

The varieties of this grain are too numerous to be spe¬ 
cified here; but the most general distinction is that 
which respects colour, the red and the white compre¬ 
hending the intermediate shades. Wheals are again 
divided into Summer and Winter varieties ; (he former 
lieing usually bearded, while the Iattcr*Sonictimes shows 
a woolly ear and a very thick chaff. The white descrip¬ 
tion affords flour of a finer quality than the red; hut 
this disadvantage, in the case of the latter", is compen¬ 
sated by the property it possesses of coming more early 
to the sickle, and of growing on an inferior order of- 
soils under a less genial sun. Summer Wheat has been 
long cultivated in some parts of England, particularly in 
Lincolnshire, and might probably be /bund to succeed 
in the more Southern Counties; but in Scotland it has 
not obtained any. preference, even when used for a crop 
sown in Spring, 

As Wheat-seed is sometimes prepared with piekles, or Pickling 
steeps and quiclt-iime, as a preventive ofsmut, we shall and stci-p- 
give a short account of a method which is followed in 
some districts with considerable success. Take four 
vessels, two smaller and two larger, the* former with 
wire bottoms and of a size to contain about a bushel, 
the latter .sufficiently capacious to contain the others 
within them. Fill one of the largo tubs with water, 
and pnUing the Wheat in one of the smaller, immerse it 
in the water, stirring and skimming off the grains which 
float above, and renew the water as often" os necessary 
till U ^mes off quite clean. Then raise the small vessel 
in which the Wheat is contained, and repeat the process 
with it in the other .large tub. which is to be filled with 
stale urine j and in the mean time wash more Wheal in 
t!)e water tub. When abundance of water is at hand, this 
operation is by no means tedious; and the Wheat is 
much more effectually cleansed from pll impurities, and 
freed more completely from all weak and unhealthy 
graiffs than can he accomplished" hy the winnowing ma¬ 
chine, When thoroughly washed and skimmed, let it 
drain a little, then empty it on a clean floor, and riddle 
quick-lime upon it, turning it over and mixing it with a 
shovel, till it be sufficiently dry lor sowing. 
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The experiments of M. Prevoet quoted by Sir John 
Sinclair., in a Work formerly mentioned, show in a 
striking liglit the advantage of previous preparation of 
the seed for the prevention of smut. The following 
were the results : 1. infected grain, without nny prepa¬ 
ration. It «d one-third of the crop.smutted; 2. infected 
wheat, simply sraided, gave one-lifth smutted; 3. sound 
wheat, without any preservative, had one-fifth part in¬ 
fected ; 4. infected wheat well moistened in a solution 
of blue vitriol, or sulphate of copper, in the proportion 
of nearly two ounces for three bushels of wheat, had 
only one-hundredlff part affected with smut; 5. infected 
wheal, well moistened with a solution of the same kind, 
in the proportion of about four dunces and a half of blue 
vitriol to three bushels of wheat, gave only one three- 
huudredth part smutted. This solution is described as , 
being equally efficacious in preventing mildew. The 
process maybe more part ic ul arl yxlel u i led in these words: 
take three ounces and two drums of blue vitriol, and 
dissolve it in four gallons of cold water, the proportion 
allowed for every three bushels of the wheat to be pre¬ 
pared. Into another vessel capable of containing sixty 
or seventy gallons, throw from thrc« to four bushels of 
wheat, and jibur upon it the prepared liquid, till it rises 
five or six inches above the corn; stir it well, aud remove 
the light grain from the surface. The wheat alter being 
half an hour in the solution, is thrown into a basket to 
allow the liquid to drain off. The seed is then washed ’ 
with pure water, mid well dried before sowing. It is 
said that it may be kept after this process quite sound 
fur several months. A similar application of blue vitriol 
is practised by Mr. Duller of Derbyshire. He dissolves 
two pounds of it in as'much urine as will moisten twelve 
bushels of wheat, and after it has floated a sufficient time 
it is dried with quick-lime. 

Another preventive of smut recommended to the prac¬ 
tical Agriculturist is kiln-drying; an expedieut, how¬ 
ever, which must be adopted with great care, as the 
slightest excess of heat might destroy the powers of ve¬ 
getation. A practice has likewise been introduced by 
some farmers of passing their seed wheat through rollers, 
by Which means a black powdery matter is separated' 
from the surface of the grain. This also is a method 
which, however successful it may have proved in judi¬ 
cious hands, must not be hastily imitated, there being a 
manifest hazard that part of the corn shall be lacerated, 
or otherwise injured. 

No fixed rule can be laid down as to the quantity of, 
seed which ought to be given to an acre of land suitably 
prepared for wheat; because this is a poinf of practice 
which must be determined in every case by a reference 
to the fertility'of the soil, the nature of the climate, aud 
even the period of soteing. On a rich field brought by 
culture to a good condition and sown early, the quantity 
need not exceed two bushels. In no iustancc should it 
pass three bushels per acre ; although on bean-stubble 
the allowance should certainly be more liberal than on 
fallow or after a green crop. 

In regard to the particular modes of sowing, we have 
already said all that appears necessary! Our reasons 
for preferring the drill-system to the more ancient me¬ 
thod of broad-cast are founded on experiment and long 
observation; and wherever .the land will admit of it, 
the farmer will find the expense of labour and machinery 
amply repaid. -The method of ribbing, as it is called, 
or the making of small furrows at tHe distance of nine 
or ten inches, answers nearly the same end as drilliug. 

MOL. yi . - 


The seed, it is true, is scattered by tin- bund m the usual Aimeullnra. 
broad-cast manner, but as it necessuuly fall, fur the 
most part in the furrows, the crop rises m parallel mus V 
and the ground is levelled by harrowing. ’This p!.i,r 
has nearly all the advantages of the other, so far -,<s 
respects the rays of the suit and the circulation of air 
among the plants ; but as some shoots will unavoidably 
spring op between the lines, it is not so well fitted for 
the operations of clearing, weeding, and hoeing, in the 
County i f Nqrlolk, the Dibbling of wheat is still prac- Dibbiin-. 
tised to a considerable extent; though we do not find 
that it. is attended with any advantage except the sowing 
of seed. An expert dibbler, with the assistance of three 
children to drop the grains, sows about two roods a 
day; the quantity expended being from four to six pecks 
per acre, proving a gain on that mtide to the amount 
of nearly a bushel On four roods. Some attempts have 
been made to introduce machinery for this ptu|x)sc, but 
hitherto without success. 

After the usual operations of culture and sowimr, the 
anxiety of the farmer is' confined to the two essential 
points of keeping the field free from weeds and super¬ 
abundant moisture. No water should ever lie allowed 
to stagnate on the surface of the ridges, or even in the 
open furrows, otherwise the seed rots and perishes, or if 
it escape total destruction, it sends forth sickly plants 
which never come to perfection. W here the broad-cast 
method of sowing is continued, the process of clearing 
cannot be fully accomplished ; being confined to such 
weeds as can be removed by the hand. Hut wherever Hoeing, 
wheat is drilled, the business of hoeing can be effectually 
executed; a species of labour which is not Jess lieneftcial 
to the crop by stirring the soil and dosing it in the 
roots, than by eradicating the intrusive vegetation by 
which it would soon be encumbered. It has been ascer¬ 
tained that by loosening thb enrth and gathering it 
round the stems of plants, tillering . or the production of 
new stalks is greatly promoted, and particularly in the 
drill-huibaudry. Some curious facts are recorded of the Multi plica- 
wonderful multiplication of steins effected by this pro- ,UJiI ul ' 
cess. In a moderately good crop of drilled wheat, Sir k,v ’’ OT- 
II. Davy counted from 40 to 120 stalks springing fioni 
a single grain ; and he quotes Sir Renelm Digby who 
saw in the possession of the Fathers of the Christian 
Doctrine at Paris a plant of barley which they preserved, 
and which consisted of 249 stalks from one seed, aud 
yielded 16,000 grain's. He refers also to Mr. Miller of 
Cambridge, who sowed some wheat on the 2d of June, 
and on the 6th of August a plant was taken up, sepa¬ 
rated into eighteen parts, and replanted. In September 
and October, they were again taken up, and divided into 
sixiy-jaeven separate parts, to remain during the Winter; 
and in March and April they were also taken up, when 
they produced 500 plants. The number of ears from a 
single grain amounted to 25,509, and the grains were es¬ 
timated at the amazing number of 576,640. The produce 
weighed nearly forty-eight-pounds, and measured three 
pecks and three-quarters of a peck. 

In some districts we have observed the piactice of reviling 
taming in cattle into a field of whfeat, to feed it dawn , ,icwn - 
when it appeared too luxuriant at att early part of the 
season. - Some henefit was supposed to lie derived (rom 
the removal of the upright stems by which the growth 
of the lateral shoots become more vigorous ; but it this 
practice be ever useful, it must be confined to cases of 
excessive luxuriance, and where the land is of a firm 
texture. In shots, it can only be regarded as a hazard- 
. u 
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Agriculture, ous alternative, resorted to when the crop would other- 
'“'v*' wise he certainlv lost. 

«; senses The principal diseases to which wheat is exposed are 
lnut . the smut and mildew. The former appears in the sha|te 
of a black ball, which occupies part of the ear, and 
thereby not only so far diminishes the produce, but con¬ 
taminates, more or less, all tile sound grain, rendering 
it unwholesome food, and, quite unsuitable for seed. A 
remedy has been alrendy suggested for this evil, as it is 
understood by all intelligent Agriculturists to be perpe¬ 
tuated by means of propagation, or, in other words, that 
diseased com is always reproduced in an unhealthy state. 
But a more certain preventive will be secured by the re¬ 
solution never to sow wheat which has been even in 
the slightest degree tainted with smut, 

AftWew. The ravages of mildew, in particular cases, arc even 
more destructive than that of the pernicious blight just 
mentioned.. ft is generally imagined to' originate in a 
disordered state of the atmosphere: and when'it takes 
place between the periods of dowering and ripening it 
lias, been known to lay waste tvholc fields in -the-course 
of a week. Nor have any means been discovered for 
puuing n slop to so fearful a malady. As it prevails 
more or less in some situations every season, whatever 
maybe thestate'of the weather, n cause has been sought 
in the vicinity of certain plants, the Aingous substances 
attached to which bear a great resemblance to the straw 
/of mildewed wheat. The barberry und several other 
•shrubs have ; been suspected of extending this evil among 
the cereal frilies; mid various ingenious speculations 
have been formed to account for the modc«of infection. 
The communications of Sir Joseph Books to the Board 
of Agriculture give the fullest view that is anywhere to 
be found of this obscure inquiry ; though it must he 
acknowledged that his researches were not attended with 
any practical advantage to the farmer, or with any new 
• lights useful to the Botanist. * 

’ Aumuit of The amount of the produce raised on an acre of good 

paiuuce. wheat land varies, in every County, and in ev.city season, 
from three quarters to tan. We have known a whole 
field average ten quarters of good marketable grain, a 
return which may ire expressed in another 'form as equal' 
to eighty Winchester bushels per -aere. But perhaps, 
even iu .the present improved state of Agriculture, we 
nought to consider one-third of that quantity as the usual 
return throughout the Kingdom. 

Bailey. We proceed now to Barley, in Regard to which every 
• one knows that it grows beet on light loams,-and even 
Succession, on a sandy soil, if properly manured. It usually suc¬ 
ceeds turnips, potatoes, beam, peas, or tares. But 
whatever may he the crap which precedes it, the soil 
must be brought by repeated ploughing** to a pulverised 
state, so as to ensure an equal vegetation. In tiuff.-’k, 
when Barley follows turnips, it has long been a prac¬ 
tice to drill the seed without ploughing; whereas iu 
Norfolk, where this erop is carried to great.perfection, 
the land is carefully prepared by the .nest assiduous 
Varieties, labour. Of this grain there are several species-culti¬ 
vated in Britain, and even different varieties of these 
" species. The twoWoned species, .or liordeum duttrJton 
of Liimteus, includes sundry varieties, which are known 
by familiar names among the rustics of both divisions of 
the ixlaud. The early and late, nr hot seed and cold seed, 
are distinct ions universally recognised. ,'To the first of 
these bewngs the- Scotch barley, as well na die Rathripe, 

1 lot-pur, and Sprat, which are also denominated the 
Battledore,- Fulham, and Putney, from being cultivated 


iu the neighbourhood of those places. ' The. second ape- Agriculture, 
ciea is the ffordettfh vulgare, or tdrastichon, which is 
likewise descrilied as bear or bigg iu the Northern Coun¬ 
ties, and is found to answer well on elevated situations 
and inferior soils. The liordeum hexastickon, or six- 
rowed Barley, is a species which hat a strong reed or 
straw, grows rapidly, and ripens early, is- very hardy, 
and withstands the severity of Winter; whence it de¬ 
rives its characteristic appellation of Winter Barley. It 
is vet-y generally cultivated in Bussiu, and es far North 
indeed as any corn is raised; .but as the quality is rather 
coarse, and fitter for meal than mlhing, R has not ob¬ 
tained a very favourable reception among ou’r farmers ,' - 
especially in the more fertile peris of the country. 

From the beginning of April to the middle of May is Sowing, 
esteemed the best time far sowing BArley; bear or bigg, 
being an earlier, as well as a hardier kind, may be saw u 
somewhat, later. As it Suffers much from weeds in a 
wet reason, it ought to be' drilled rather than sown 
broad-cast. The quantity of seed varies according 
to tire condition of the land from two to four bushels. 

We may remark that of late years it has becrn i .•mto- 
maryto throw Bariey into the ground at on ear.iw pernm 
than formerly; and hence nothing is morPcommon than 
to* ree our farmers occupied with ibis crop aUw tltr 
middle of March. In some cases, Dm.,y comes u; an¬ 
gularly and ripens unequally. To , 'white tins i . r - 
ntenre it has been recommended to steep the 'nV ■ 
committing it to the soil, not only to pro r-i'. v c lv 
rapid vegetation, but to render it mo. e uniform. Some 
Agriculturists add a little soot to the water, with the vi< w 
of destroying vermin, which sre occasionally found i > 
attach themselves to the ha- k of the grain. 

No crop requires greater attention in iimesi, *■ - - « 
cinllyin bad weal her, than Harley. When it is lidu r > ’ ,i -' 

the -straw becomes brittle, so that the ,'ttiu are es. •.'■,! ' " l ' 1 ’' 
ingly apt to break off, if frequently or ronglib ; .mdied. 

The intelligent farmer, there lore, nits it do-.o, while the 
straw yet retains a certain portion of its sap j.ml the 
grain is not fully hardened. Similar care is necessary 
in threshing, eapecii’iy in separating the spikes, or amis, 
as they are proviueially denominated, from the riir For 
‘this purpose,- some threshing mills arc furnished with 
wlivt. is Called a hsinupelling machine ; and where this 
is wanting, it is customary to put the grain, accompanied 
with a portion of threshed straw, a second time through 
the threfhing apparatus! Where Barley has hoen mown, 
the whole of the straw -requires to be twice threshed, 
independently of the necessity of getting rid of the spikes, 
which sometimes adhere Unaciously to the grain, if not 
completely ripened. 

The produce of Barley, taking the average of England Produce, 
and the South of Scotland, has been estimated i t thirty- 
two bftsbeis ; but when Wales and the North of Scot¬ 
land are included, where, owing to the imperfect modes 
of cultiire! still practised, the cro|is are very indifferent, 
the* general average over the whole will not perhaps 
exceed twenty-eight bushels per acre, ,llestricted to the 
County of MiddU-sex, the average produce is rated at 
four quarters hf grain and two loads of stnr r. 

Bye, although leas used in Britain Jhan other culmi- Rye. 
fiwoua crops, is nevertheless entitled to a place in the 
JBrt of bar-Agricultural productions. It is said to be a . 

- native vf Crete; but it la doubtful whether it can now 
be traced to anyparticukr Country, it has been culti¬ 
vated in Europe from time immemorial, and is considered 
at cotning nearer in its properties to wheat than any 
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AKrietittmwi other grain. In most part* of the Continent Si is more ' of Rye, sixty-one parts of starch and five parts of sin ten Am' u 
s —v—^ common than wheat, being a mott certain crop, and one Professor Timer maintains that Rye is the most lujuri-hi,,, ■ - , 
which Squires less culture and manure. It Is the bread grain next to wheat. It contains an aromatic suliMa,** 

Varieties, corn of .Germany and of Russia. The varieties of it which appears to adhere more particularly to the imo<’ 
are confined to two, the Wilder and die Summer ; but since the agreeable taste and smell peculiar to Rye-bread’ 

. there is so little difference between theip. that if sown at are not found iu that which is made from Rye-flour winch 
the same time and in the same field, they can hardly be has pSssed through a very fine bolting cloth ; while the 
distinguished from each other. Though it- has been fragrance may be restored by a decoction of Rye-bran in 
considered as the most impoverishing.of all crops, it is the warm water used to make the dough This S ub- 
admitted lhat it wilt make a good appearance on a soil stance is thought to facilitate digestion, and to have an 
much inferior to that required for wheat. It will also action peculiarly fortifying ami refreshing on the animal 
prosper in a colder climate, though it is liable to be in- frame. In this Country accordingly. Rye is chiefly used 
**jured by rains during the Winter as well as in the for gingerbread, and abroad in the distilleries, where it 
flowering season-; and* in these respects it. bean some affords a powerful and exhilarating spirit. The best 
resemblance to the finer graid with which we aip now Hollands is made of Rye, well selected and prepared by 
comparing it. • . the manufacturer. The straw, too, is much prized for 

J ™8- Rye is sown either in Autumn or Spring, and either work, resembling that of Dunstable. 

in broad-cast or in drills; two bushels and a half being Next to wheat and barley there is no grain more Oat*, 
the usual allowance to the acre when deposited iti the common in the Northern parts of Europe than Oalt. 
funner manner. No pickling or other preparation is Although its native Country be unknown, the culture of 
gi\en to the seed, there being no reason to apprehend this valuable crop is confined in modern times to dis- 
tiie disc; ses which that treatment is meant to obviate, tricts of which the latitude is higher than the middle 
XV si -if The spur, or mfrrf, is by some considered as a fungus, a Provinces of France. Iu the Southern Departments, 

■-pedes of seterotivm, somewhat analogous to that which as well os in Italy, Spain, and. Portugal, it is almost 
•evasions the smut. It is not peculiar to Rye, though it entirely . unknown; being unsuitable to the climate 

- wldom seen on any other gramineous plant. It is the not less than to the wants of the people. Oats re- 
j.i tlut-.ion of tbo ..rods; is long, horny, and cartilagi- quire ail atmosphere which is at once cool and moist; 

.-mu -. ,« sometimes straight, at others curved; and is for in tiie absence of rain, and' affected by a tempera- 
!-ocas,. hi.. lly .bund more than two inches in length. The tune above'sixty degrees, the panicles become so enu- 
-.cscinbluuce of this substance to the spurs of a cock has traded that they tv use to afford sufficient nourishment 
piocured for it the name by which it is distinguished, to the cars, which thus never become plump, but nre 
t m breaking a spurred seed you find within it a matter thick in the husk, iong.awncd, and unproductive in 

- - . lull while colour, adhering to the violet skin whieh meal. This is very often the case with oats pi Scotland 
. i minds it. live ‘bus attacked can sot germinate; and in a dry year, and in the South of England almost 

. • tnuv I," remarked in regard to other grain, the most every season. 

i””iiy years arc ‘he most productive of this disease; that There are many varieties ttf this corn, which are Varieties, 
high giminds were nearly free from it; and that even known to the farmer.under a corresponding number of. 
the lower parts of the same field were more affected descriptive appellations. First there is the while or 
than the upper parts. In France, a malady called the common Oat, then the black, the red, the Polish, the 
chronic, or dry gangrene has been produced by eating Dutch, the Potato, the Georgian, the Stbeiian, the Angus, 
errot or apuircd rye. The same effect has been mat ked the Riainsley, the dun, and the Winter Oat. ThePofato, 
ir Swibfrrlaud, where, it is added, moi t animals refused whieh is distinguished by having large, white, plump 
to cut the distempered corn. The Royal Society of grains, is now almost the only Out raised on well-culti- 
Mi-dieim- at Paris employed M.Tcssier, a distinguished vated lands, whether in England or Scotland, and usually 
Agriculturist and matt of Seieuce, to go into the Countries brings a higher price in the London market than any 
in whin!, tl;e <4< y gangrene prevailed, and collect a sufli- other variety. It tnny be cemurked, however, that, while 
dent quantity of cock-spur Rye lor the purpose of making the Potato and Polish are the fittest for low situations 
t v.pc'intents. The result confirmed tile opinion of those where the soil is rich and the air warm, the red kind 
who attribute d the human dise..«e to that of the vegeta* answers best on elevated grounds and under a less genial 
bte. Slid: Rye sometimes appears in this Country, but climate. 

no instances are recorded of its producing any ^neh Oats grow well on any texture of land, from the Culture, 
effects; but Dr. Wollaston has stated in the Phiiosophi- stiftlest clay to moss or bog, provided it Ire Miilicicuily 
cal Transactions several cases in which dry gangrene dry. Nor does the soil on which they are cultivated 
was occasioned in one family by eating damaged require any great degree Of preparation. It is generally 
wheat; nod nearly the same consequences were pro* the first crop sown on newly broken-up ground*, at the 
duced in a household in'Wiltshire by the Coliutn lemu- radical fibres do not, asiu the case of wheat and barley, 
lenium entering largely into the composition of bread, depend on that pulverized condition of the mould " Inch 
M. Lngusca relates that the ergot is covered with a. thin results from protracted labour, in regular rotations 'his 
pellicle, and filled with u grey powder. It is collected usually follows grass; sometimes, upon land not rich 
ns a medicine in Spain by women and*chiklreu, who enough for Wheat, that had been previously fallowed or 
wade in the fields of standing Rye for the purpose; but had carried turnips, after barley, but rarely alter wheal, 
ns only a very small quantity can be obtained, it is sold unless from particular circumstances cross cropping 1«- 
,, at a high price as an article of the Materia Medica. conies a necessary evil. One ploughing is generally 
Culture, &c, The culture, harvesting, and threshing of rye doeH given tu the grass lands, count.only in the month oj 
sol diflljt essentially from the same processes as applied ‘ January, so tliat the benefit of frost may he gtfined, and 
to wheat; and the produee, in similar circumstances, is the surface rendered sufficiently friable for. receiving tbo 
nearly eqqtU,' - Sir tl. Davy found in.one thousand parts harrow. Iu some cases a Spring lurrow i» given when 

- ' - - - >t 2 
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Agriculture. Oats succeed barley or wheal, especially when grass- 
“V——' seeds are to accompany the crop. The best Oftts both 
in quantity and quality, are always those which succeed* 

f rass; indeed no kind of grain seems better fitted l»y 
iature for foraging ui>on grass lands, as a full crop is 
usually obtained in the first instance, and the field left 
in good order for succeeding ones. 

Sowing. The season fbr sowing thia corn extends from the be* 
ginning of March to the end of April. About the middle 
of the former month is the time fixed on by the best far¬ 
mers. In some parts of Ireland, the Dutch Oat is sown 
in Autumn ; in consequence of whicjli it is ripe nearly a 
month earlier than such as is postponed till Spring; an 
object worthy of attention in so moist a climate. 

Produce. As Oats arc more carefully cultivated in the Northern 
Counties than in those Southward of Trcut, the produce 
in the former is correspondingly greater, amounting in 
some cases to fourteen or fifteen quarters per acre. It 
is a grain besides which is subject to much fewer dis¬ 
eases than the more delicate species of corn. The’smut 
sometimes, indeed, makes an inroad upon it, but the 
injury which is oftenest inflicted upon it arises from 
Wire- wire-worms, that is, the larva of insects which generally 
worms. abound in lands newly broken up from turf. The best 
mode of obviating this serious evil is to put off the 
ploughing of the field till the period at which it is to be 
sown; for by this means the insect or grub, as it is 
usually called, is turned down, and before it can work its 
way to the surface, the corn has grown up beyond its 
reach. In this way gardeners destroy or retard the 
progress of the gooseberry caterpillar by digging 
under the bushes; fbr it is found that the eggs and 
larva of insects, like weeds and bulbs, when buried 
too deep in the ground, have their period of vegetation 
delayed, and sometimes the vital principle entirely extin¬ 
guished. * 

Value of Every one knows thqt the straw of Oats is ihore 
straw. valuable as forage than that of any other corn crop, and 

. is even advantageously used as a substitute for hay 

during the Winter months, both for farm horses and 
cattle, in some of the best cultivated districts in Ule 
Kingdom. 

Peas and Pea* and Beam were at one time more generally 
Beaos. cultivated than they are at present, being regarded chiefly 

as the means of cleaning foul ground, and preparing 
it for wheat or barley. But since the use of green 
crops has in a great measure superseded the necessity 
of that expedient, Beans are confined almost exclusively 
to clays and strong loams, on which turnip cannot be 
successfully raised. There they succeed wheat or oafs, 
and sometimes also clover or p|sture grass. 

Culture. In preparing ground for Peas and Beans, it ought to 
be deeply ploughed in Autumn or early in Winter; and 
as a second or even a-third furrow must be given in the 
Spring, it is usual to make one of them a cross-plough¬ 
ing. The mode of manuring depends upon that of 
sowing. If the seed is to be scattered in the broad-efast 
• way, the dung should be ploughed down in the fhll of 
the year; but if it is to be deposited in the furrows or 
in drills, the manure should be laid in with .it, so as to 
afford the most speedy and'active cooperation with the 
soil, _ The remarks ‘ which have been made on drill- 
husbandry in general apply to the management of this 
crop, and need not be repeated. Suffice it to add', that 
Beans when sown alone are commonly planted in rows, 
at the distance of nine, eighteen, or twenty-seven inches; 
the last being' the usual interval when they are meant to 


be cultivated by the labour of horses instead of hand- Agriculture, 
weeding and hoeing. *— 

The time of sowing varies from the end of January Sowing, *e. 
to the end of March. Both in the broid-cast and drill 
husbandry, it is common to mix a few Peas with the 
Beans, because the mixture at once improves the quality 1 
of straw when used as fodder, and affords a ready 
means of binding the sheaves in harvest. The mast 
approved method of reaping this crop is with the sickle, * 
but it is sometimes mown, and in a few instances polled 
up by the roots. The amount of produce, as in the case Produce, 
of all pnlse grains, is very variable and even precarious; 
and were it not that it is still esteemed an improving. ‘ - 
crop, it would not be so generally adopted without the 
certainty of a higher remuneration in the market. 

Tarls, which in some farts of the Kingdom oecnpy Tares, 
a considerable share of attention, are found to succeed, 
best on gravelly loams; but they''produce a tolerable 
crop on almost every variety of soil, if properly cultivated 
and manured'. There arc two varieties of the Tare, Varieties, 
dislinguished chiefly by the period of sowing, the Winter 
and the Spring; and although it be difficult to discri¬ 
minate the seeds of these varieties, they should always 
be kept separate, because each thrives dr?idcdly best in 
its own season. Winter tares are sown from August till 
October; earlier on poor soils and exposed situations than 
on richer and more sheltered lands. The plants should 
be fully established in the soil before the approach of 
the cold weather. The Spring kind is sown about the 
beginning of March, when it is intended to ripen the 
seeds ; but when the crop is to be used as green food, 
the process may be postponed.two months Inter. Some¬ 
times the insertion of the seed of Spring Tares is de¬ 
layed till June, when a quart of coleseed is gi\en to 
each acre, for the purpose of supplying weaned lambs in 
Autumn with an excellent food. This method is suc¬ 
cessfully-practised on the Down lands in the County of 
Sussex. - 

Tares are generally sown broad-cast, although, on Sowing, 
good soils, drilling is found to remunerate the additional 
labour by a more abundant return. In Middlesex the Produce, 
produce amounts to about twelve tons per acrc„which, 
when converted into bay, is reduced to three or four tons 
according to the nature of the season. The most l«ne- 
ficial application of this crop is soiling with horses or 
other live stock on the farm; but for tins purpose it 
should be allowed to reach a conskieraole degree of 
maturity. All descriptions of animals thrive upon it. 

A single acre of Tares has been known to maintain four 
horses in better condition than five acres of grass; and 
twelve horses and eight cows have been kept three 
months upon eight acres of Tares, without the addition 
of uay other food.' It is asserted, too. that the milk of 
cows led. with this vegetable is so much improved that 
It yields a greater proportion of butter than can be pro¬ 
duced bji’the be?t ^rass-foeding. 

Some othey species of this plant are recommended to u« e ful spe . 
the attention of the Agriculturist; such as the bush cies. P " 
vetch, which shoots early in the Spring, vegetates late 
in Autumn, continues green all Winter, is excellent 
pasture, and on fertile soils might be converted into hay; 
and sec6ndly, the tufted vetch, which rises to a consider¬ 
able height, and affords abundant foliage, so that it 
might likewise be used as green fodder, or prepared for 
hay. Lean cattle, it 1$ said, have been greatly improved 
by feeding on it. The everlasting pea, or Lathy rm 
latifolius.li likewise ft plant of large growth aqd foliage, 
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Agriculture. and has been warmly recommended as a good material 
s —^ for preen food or hay, being of ft very nutritious and 
fattening quality. Buck-wheat is occasionally cultivated 
for Iheeutrne'purpose, os well as chicory, or wild tuc- 
cory, also a succulent, herbaceous plant extremely useful 
in the dairy and feeding-hauso. . •' 

Potato. There is no production of the soil which the ueccs- 

, shies of life have of late years raised into higher iinpor- 
*'tance than the Potato ; native of a warm climate, add 
yet naturalized in all the Countries of Europe. Its 
history is involved in some obscurity, and the precise 
peri<s] of its in trod action, has not yet been ascertained. 
• From the History of Plaids by Gerard, published in the 
year 1597, there is no doubt that the Potato was known 
in England at a somewhat earlier period. He speaks 
of two kinds, the common amUtlie Virginia, which he 
cultivated in his garden; and yet nearly a oentury and 
_a half elapsed before this valuable root becamfc a general 
article ot food. 

Varieties. The varieties of this plant arc now almost as nu¬ 
merous as that of the dog ; the distinction being founded 
chiefly on the colour of the Potato itself, or of the flower 
which it exhibits when in full growth. In Lancashire, 
where it is cultivated with much, attention, there are 
known no fewer than twenty varieties of the early de¬ 
scription, and fifteen of the late. But this minute sub¬ 
division might be carried to a still greater extent. New 
' varieties are obtained every day by raising a crop from 
seed, by which the quality and productive powers of the 
plant are said., to be greatly improved. When the apples, 
come to maturity and begin to drop from the stem, 
they are collected and preserved among sand till the 
Spring, when, they are bruised either among the sand, 
or fresh mould procured for the purpose, by means of 
which the seeds are separated and mixed with tire earth. 
They arc then sown or scattered on a well-prepared or 
garden soil; uud when the rough leaf appears, and the 
plants have sufficient strength *to be safely handled, 
they are removed to another bed of fresh mould, where 
. they are placed in rows and kept free from weedsjduring. 
the Hummer. In Autumn clustersrof small Potatoes are 
found at the roots; these are planted, next Spring, and 
so on successively three years, at the end of which they 
attain their full size.. It must be noticed, however, that 
the earlier varieties do not bear flowers, and consequently, 
do not produce apples; but by removing the earth from 
the roots, unrf the small Potatoes themselves as they 
began to form, Mr. Knight,*the President of the Horti¬ 
cultural Society, succeeded‘in forcing' the plant into 
blossom, and thus obtained seeds'from the early os well 
as the common kinds. 

Culture. The Potato loves a soil which is rather loose and 
porous; nothing.being more fatal to its success than 
stiff, retentive land. In many parts of Ireland,’ it is 
plauted on what are called lazy-beds; the -sets being 
placed on the surface, and covered with earth deg out 
of a trench formed round them. But good- farmer* pre¬ 
pare their fields for Potatoes uearly in the .same manner. 
as is practised in turnip husbandry. . The land is usually 
ploughed in Autumn,' an operation which is repeated 
once or'twice in the Spring;.end a copious supply of 
manure is deposited with the seed, either in furrow or 
drill. Some Agriculturist* have discovered nn advantage 
in bestowing a plentiful dunging on the previous crop, 
rather than on the Potatoes themselves; for in this way 
tl;e excessive luxuriance bf the stems is'prevented, while 
the quality pf the root is’greatly improved. 


No crop is more benefited.by the care which is Agriculture, 
bestowed oh weeding and hoeing. The eaith ought not v L - 
only to be kept clean, but also to be frequently stirred, Stiring)ba 
and raised round tbe roots of the plants at the several ** rt h- 
stages of their progress. As the Potato is now almost 
universally cultivated in drills, the greater part of the 
labour is performed by horses; but whatever may lie 
the species of industry required, the farmer should not 
withhold it, for nearly in proportion to his exertions 
in that way, will be the amount of his produce. 

It has been found by those who have instituted ex- Planting, 
pertinents on the comparative advantage of planting 
entire Potatoes of a larger or smaller size, cuttings of 
different sizes with one or more eyes, or shoots only, 
that middle sized whole Potatoes, or large cuttings of 
large Potatoes, afford better crops than, smaller Potatoes 
entire, or small cuttings, or the eyes or shoots alone. 
Considerable diversity, too, in the amount of the pro¬ 
duce was occasioned by placing the sets in the rows at 
various distances, from six to twelve inches. With the 
view of saving seed in times of scarcity, tbe shoots only 
are employed; but this economy is counterbalanced by 
many disadvantages. The shoots cannot be planted^so 
early ; many of them being weak afford little or no pro¬ 
duce, and the crop is generally later in reaching matu¬ 
rity. In the use of the eye, or root-bud of (he Potato, 
the success has been various. In some cases the produce 
seems to be equal to what was obtained from ta'rger 
sets; but in others, feeble stems and a diminished return 
have afforded ample evidence that this mode of propaga¬ 
tion ought not to be relied upon by the British farmer. 

The prevailing disease of the Potato is the curl, which Diseases, 
originating in Lancashire in the year 1778, soon spread CotL 
very rapidly, especially in those districts where the cul¬ 
ture of this valuable root was the most extensive. The 
alarm excited by this occurrence* led to numerous inves- 
ligations with the view of discovering the cause. At 
present the opinion on this head, which seems deserving> 
of the greatest attention, is that entertained by some 
members of the Caledoniua Horticultural Society, who 
ascribe the malady to an undue ripeness of the seed. 

To procure, therefore, a souud, healthy stock, it is re¬ 
commended to select seed from a high part of the 
country, whet-e owing to climate, and other circumstances, 
the tubers are never over-ripened. With the same 
view, such Potatoes as are intended to supply seed for 
the following season, should be planted at least a fort¬ 
night later than those which are meant for the table, and 
taken up os soon ns the sterns begin to display a yellow- 
green colour. 

Among the various methods which have been devised p* 1 * 1 *"!? 
for increasing the produce, it has been a practice wait bIos!,0,l ‘ s - 
some Agriculturists to cut away those parts of the plant 
which contain the flower before the blossom appears. 

It has been ascertained by Mr. Knight that this vege¬ 
table possesses two modes of securing its reproduction; 
tbe, one. by producing tuberous roots, and the other by 
the general mode of flowers and seed-vessels; and that 
in both these operations. Hence it has been imeircd 
that if we can prevent the consumption of it in either of 
them, we ahull make it act more strongly in the other. 

On this principle, if a Potato plant is carefully deprived 
of its tubers as soon a9 they are formed, it will be made 
infinitely more productive of blossoms and seed-. On . 
the other hand, if its blossoms are picked otf and 
it is , prevented from forming any seed at all, the 
fluid which would have been employed in that opera 
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A j'v'culuire. tion, will be expended in^ forming an increased crop of 

v **v^"*' tubers. 

Produce. In regard.to the average produce, we cannot form on 
accurate judgment without talcing into account such a 
variety of circumstances of culture, fertility, and climate, 
as would render tbe result inapplicable to any great ex¬ 
tent of country, eveli in the same neighbourhood. It 
has been stated by some writers to vary from five to tea 
tons, according to the nature of the soil, and the skill of 
the. husbandman. In Yorkshire, from 300 to-400 
bushels of the finer variety, and from 400 to 500 of the 
coarser sort, are considered a. good crap. We have 
heard that, in some districts of Kent, more than 600 
bushels have been raised from an acre, and that even a 
much larger amount has been ohtaioed, in a very favour¬ 
able season, and from a soil peculiarly rich. 

Turnip. Next to potato in importance we may place Turnip, 
viewed at least as the m«ans of improving land, of sup¬ 
plying to the Agriculturist a valuable species of food for 
his cattle. The introduction, of this plant, together with 
clover and the artificial grasses, formed a new era in the 
progress of our native husbandry. It is true that Turnip 
does not succeed ou every kind of soil, particularly such 
ns ore stiff and clayey; but on dry loams, and indeed 
on all of a loose texture, managed according to. the 
best courses of cropping, it enters into rotation every 

Varieties, fourth or sixth year. The species usually cultivated in 
the improved districts are the while globe, which ripens 
early, and givcs.a full crop ; the yellow, which has the 
advantage of being more hardy, and is usually meaht to 
follow the other in Spring ; and thirdly, the Swedish or 
r ufa baga, which may be preserved for consumption till 
the end of May. 

Culture. To secure a good return the farmer must have his land 
well pulverized, and cleaned. The manure ought also 
to be carefully prepared,-iwwl in astute of minute division,, 
otherwise the work will be clumsily performed, and 
much of the seed lost. We need not add that the pro¬ 
cess of sowing is usually conducted by means of the 
drill-machine. The time of sowing the-several varieties 
is somewhat different; the Swedish being put in first; 
and the yellow, and both about the end of May. But 
as these kinds are much less extensively cultivated than 
the white, the principal seed-time takes place, in the 
month of June. The quantity of seed allowed to the 
acre does not. exceed two pounds, which, though more 
than sufficient to stock the ground with plants, isr 
thought necessary for securing a good crop on most 
soils. As soon as the rough leaf, as it is called, fs de¬ 
veloped in the young shoot, the hoes must be employed 
to thin the rows, and destroy the most obtrusive weeds. • 
Next follow's the horse-hoe to stir the soil and clean the 
surface ; an operation which it is sometimes necessary to 
. repeat, should the field not have been brought into good 
order by previous ploughing and eradication. 

Injurious So far as labour is concerned there is no ground, 

insects. generally speaking, to dread the failure of a crop in an 
ordinary season. But the husbandman has obstacles to 
encounter which no exertion can remove, and, we may 
add, which no care can altogether obviate. His greatest 
enemy is the Turnip fly, th o.Chrytomela eallatoria of 
Jjiiuqgus, which by preying upon the leaves of the young 
plants very soon destroys them. The. canker, so much 
dreaded in Norfolk, is to he referred to the ravages of 
another insect, the Tenthredo oleracea of the same Natu¬ 
ralist, which is wafted over in myriads with the North- 
East wind from the Continent, and in the course of a. 


L T U R E. 

day or two covers whole-fields. The black caterpillar Agriculture, 
commences its depredations ou the Turnip plants after 
tltey. have made somt progress; tfitd is sometimes 
assisted in its' work of destruction.by the grey slug, not 
less formidable in certain situations than any of the 
others. ■ 

Various means hatfc been devised to prevent the ruin Remedies, 
occasioned by these insects, ’but hitherto without .suc¬ 
cess. It has been recommended to steep the seed in 
water, train-oil, linseed nil, or some similar fluid, 
twenty-four hours, and after mixing it with finely sifted 
earth, to deposit it immediately in' the drill. The strew¬ 
ing of quick-lime, vegetable ashes, soot, or barley chair, 
and the sprinkling of lime-water, tobacco-water, mid 
some other liquids, have been practised for the destruc¬ 
tion of* the fly and slug.. Hulling the ground with a 
heavy roller in the night, when the insect proceeds from 
its lurking place, has been adopted by some farmers, but 
with doubtful success. It has been suggested that as ‘ 
the radish leaf is preferred by the slug to that of the 
turnip, a little of the former should be sown along 
with the latter; and as the radish appears first, the 
chance of an escape is thereby secured tor the main crop. 

-But Turnips are, liesidcs, exposed to a disease in the Other 
root. A large excrescence forms below 'the bulb, which ilUesM-s*' 
after a certain period becomes putrid, and emits a very 
offensive smell; an affection which has been ascribed to 
a puncture made by a grub or other insect in the vessels 
of the tap-root. It occurs most frequently in dry 
seasons; and the only antidote that has been devised is 
to enrich the land by means of assiduous culture and 
good manure. There is another distemper familiarly 
known in the country by the name of finger* and toes, 
when the plant, instead of forming bulbs, sends off a 
number of-separate roots. In some cases the bulb itself 
ia divided into lubes, but very often the tap-root is the 
part affected while the bulb remains untouched. These 
unhealthy indications aTe frequently observed at an early 
period, and sometimes before the appearance of the rougfi 
leaf. All inquiries into the history or origin of this 
disease have failed to discover its true source ; at k-icst it 
cannot Ire traced to tyiy peculiarity in the Iced, the period 
of sowing, or even in the soil. Some writers have con¬ 
jectured that it may be occasioned by a wound inflicted 
on the roots by an insect too smuli to lie observed, or 
which retires alter it has done the mischief. Mori, or 
fresh mould mixed with lime, has been applied to the 
land as the only remedy wlyeh -seemed likely to' prove 
effectual. 

The produce of a. Turnip crop varies to a great degree Produce, 
in different Counties, according to the nature of the soil, 
the management, and, the weather. Fifteen tons are 
reckoned a moderate return, and perhaps the weight 
does not average much higher throughout (he Kingdom; 
but we have known instances where it amounted to 
fifty, apd have heard of others still more abundant. 

The Carrol, though lung grown in our gardens, is Carrot, 
comparatively but of recent introduction into Agriculture. 

It seems to have been cultivated from an early period in' 

Germany and Flanders, and brought over from the latter 
Country to Kent and Suffolk, in the XVIth Cchtury. 

As it requires a deep soif inclining to sand, it can never 
be so generally raised as the potato and turnip, which 
coma to maturity on a greater variety of grounds. On 
other accounts it is less prized, as a regular crop, hy 
Agriculturists thpn it was a few years ago; and even ia 
Norfolk, where it was very successfully culti vated, wa - 
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Agriculture, arc informed tbat.it is sown in much smaller quantities 
■ than it'-was about the beginning of the Century. It is 
said that'thc consumption of Carrot-seed in that County 
alone has diminished from three or four ton* a year to 
, as many hundred'weights. , 

Varieties. The varieties of the Carrot which appear in our gar¬ 
dens are numerous, and may be increased to a great 
extent by the usual means; but the only sort adapted 
for the held is that which is called the long red. The 
• farmer should be aware that new seed is most essential, 
Culture. as it will not vegetate the second year. We have already 
statcsl that the be^ soil for the Carrot is a deep tich 
sandy loam ; and in preparing it for'crop it ought t« be 
ploughed before Winter, in order that it may be pulve¬ 
rised by the frost, and on the Spring well stirred to the 
depth at least of a foot. This # deep tillage may be per¬ 
fectly accomplished either by means of the trench- 
plough following the common one, or by the common 
otic aloue with a good strength of team ; but the former 
method is to be preferred wherever the lands are inclined 
to be stiff or heavy. In Suffolk, the farmers aow Carrots 
after turnips, barley, and peas, set upon a rye grass 
lay ; the crops upon the first have generally been most 
productive; j>ext to that they prefer the last. In the 
former case, they feed off the turnips by the beginning 
of February, and then lay the laud up in small balks or 
furrows, in which state it remains till the -second week 
in March, when it is harrowed down, double-furrowed 
to the depth of alm'it twelve inches, and the seed sown. 

In regard to climate, the Carrot mid turnip require 
nearly the some temperature; but the former, from the 
depth to which the roots .penetrate the soil, thrive better 
than the other in dry warm weather. The season for 
sowing is the lost week in March, or the succeeding 
one in April ; though the flr-t is generally preferred, it 
being found that the early, crop is usually the most pro- 
Munuring. ductivo. According to some authors*'manure should 
not be given to Carrots the year they are sown, as it is 
alleged tiiat when the roots come in contact with it they 
become forked, scabbed, and wormy. This however, 

. will only take place in cases where recent unfermented 
dung has been applied; or where other manure has not 
been properly divided and broken_ into small pieces. 
The Ik- st farmers in England always use manure; fur, 
though it has lieeu found that good crops may tie occa- 
- sioiially raised in a rich soil without it, the general rule 
is, that a lilieoal allowance of the best dung is quite 
essential to ati abundant return in ordinary circum¬ 
stances, , 

The usual preparation of the seed for sowing is to 
. mix it with earth or sand to make it separate more freely; 
but some add water, turning over the mixture several 
times, nud-lhus, bringing the seed to the point of vege¬ 
tation before it is.sown. In France, night-soil is some¬ 
times used 1 instead of earth, and the drainings. of a 
dunghill instead, pf water. The quantity of seed when 
Currots arc sown in drills is estimated at.two pounds, 
while for broad-cast three limes as much r^fbund neces- 
Produce. sary. The produce of an acre, according to Mr. Young, 
averages three hundred and fitly bushels 4 but Mr. Bur- 
rdws states, in ftuiCotmouuieations to the Board of Agri¬ 
culture, (hat his lund yielded eight hundred bushels per 
acre, a produce which considerably exceed? the largest 
crop of potatoes. 

Urn. The parrot is extremely valuable assn article of rural 

economy. 1$. is used for feeding .all kinds of stock, 
serves well ip the dairy, and is equal to outs for the sus¬ 


tenance of labouring cattle. The quantity of nutritive Agriculture, 
matter in this plant, as ascertained by Sir Humphry ■ j- y —r -» 
Davy, amounts to ninety-eight parts iti one thousand, 
of which three are starch, and ninety-five sugar. Owing 
to this circumstance, they yield more spirit to the dis¬ 
tiller than the potato, averaging.it is said, twelve gallons 
per ton. 

The Mangold-wuriel, or fold-bed, has of late yeaTs Mangold- 
been pretty generally cultivated in some of the most im- 
proved districts of the Kingdom. It is sup|iosed to lie a 
mongrel between the red and white beet, though it has 
a much larger bulb than either, which in some varieties - 
grows in great part above the ground. It has beat a 
good dea.i cultivated in Germany and Swisscrland both 
for its leaves and roots; the former are used either for 
spinach or given to cattle; and the roots arc set apart, as • 
well foe the latter purpose as for the distillery and sugar- * 
house. It has been doubted Whether it possesses any 
advantages over turnip for the general purposes of Agri¬ 
culture ; and perhaps the main ground of preference 
consists in its adaptation to more tenacious soils than 
answer for turnip, and in its being less exposed to de¬ 
predation in the neighbourhood of large towns, it has 
been ascertained that any kind of land will suit this 
plant, provided it be rich ; and immense crops of it hate 
been rtfised eveti on strong clays; The variety which is 
most esteemed in derma.ly is slightly tinged with red, 
although for distillation and the manufacture of sugar, 
a selection is made of that particular kind which is dis¬ 
tinguished by a pale yellow colour. 

"The ground should be prepared for it exactly in tiie Culture, 
same manner as for turnip, and the process of sowing 
should be conducted on the system of drill husbandry. 

Some farmers, however, prefer to dibble in the seed, 
as.they are thereby saved the expense of thinning. In 
either case, the work should b* done about the middle 
of April. The produce of this crop, in similar circum¬ 
stances, does not fail short of Swedish turnip ; but the 
nutritive mailer afforded by niangold-wurzel is consider¬ 
ably greater. „ In 1000 parts, that matter amounts to 
136, of which 13 are mucilage, 119 sugar, and 4 gluten. 

Hence it is manifest (hat an acre of it will afford more 
nourishment' than turnip, carrot, or parsnips. As food 
for cows, it has generally been preferred, as it gives no 
bad taste to the milk or butter. Near London, it’is . 

very much used for this purpose; the tops are first taken 
off' and given by themselves; and then the roots arc taken 
up, washed, and given raw. In Britaiu, the abun¬ 
dance of coru and sugar has precluded the use of this 
vegetable from entering into our manufactures; but 
in France the processes introduced during the domina¬ 
tion of Bonaparte have not yet been everywhere relin¬ 
quished. 1 . •’ * 

The Partnip has not yet been so generally received Fursnip. 
into British Agriculture ns to merit much attention in 
an outline of our crops. In Jersey, where it is exten¬ 
sively cultivated, beans are commonly grown along with 
it; the former being first dibbled in, and the latter 
afterwards sown brdbd-cast. For fattening cattle, it is 
considered equal, if nof superior to carrot,.as it gives an 
exquisite flavour and juicy quality to’ the mean It has 
the same good effect on milk and butter when cows are 
Jed^ou it. When sown in drills, the quantity required is 
about, two pounds the acre, and the proper season is the 
month of February. ' But notwithstanding ihc induce¬ 
ments now mentioned to the culture of this crop, it will 
not; it is probable, ever take its place in a regular rota- 



5G 


A Ci R I C U 

Agrit-itUnro. tion ; because while, like carrot, it requires iriuch ma- 
nual labour, the variable nature of our climate must 
ever render the return very uncertain. 

Cabbage. TheCa6fin"c, though a nutritious plant, and quite 
suitable for field cultivation, has not been found profit¬ 
able as an article of Agricultural industry. One reason 
why so much has been said in its favour, by Mr. Young 
ami, oilier writers, whose experience has betui confined 
to the Southern Counties of England, may be discovered 
iu the circumstance that they compare its produce with 
the quantity of turnip raised on an equal space of land. 
But it is well known that from the.nature of the soil, 
the climate, and'the mode of husbandry, the weight of 
turnip raised in those districts fulls greatly short of the 
average amount ns applied to the Kingdom at large ; 
whence it follows that their estimates must be carefully 
examined' by cultivators whose farms are differently cir¬ 
cumstanced, or whose management is directed by more 
scientific principles in respect to the growth of turnip. 

Culture. The Cabbage requires a rich soil inclining to loam. 

The mode of cultivation greatly resembles that which 
proves most successful with potato, the plants being in¬ 
serted along the summit of each ridgelct when there is a 
suitable depth of earth. The usual season is March, 
but they may he planted as late as June with every 
prospect of a fair crop in November; and on thisWncconnt 
they are occasionally substituted for turnip, which has 
given wav, either from want of rain or a defect in the 

Produce, seed. The produce is said to be from thirty-five to forty 
tons the acre; and Sir H. Davy found that 1000 parts 
of cabbage gave 73 of nutritive matter, of which 41 were 
mucilage, 24 sugar, and 8 gluten. 

R.ifc. Rape has of late years claimed fcn*jt«elf a place in the 

catalogue of field productions; being found valuable 
not only for the oil which is expressed from it, but alsq 
for feeding sheep on l^ml not well adapted to turnip. 
It is cultivated on a variety of soils, as a first crop after 
paring and burning, and when old grass-lands are 
brought into tillage. I’pon fields kept under the plough 
it comes into the rotation as a green crop ; aud the pre¬ 
paration and after culture are the same as for turnip, 
A variety of this plant is extensively cultivated in Flan¬ 
ders chiefly for the sake of the oil expressed from its 
seed. The husks in the form of cake or dust, after the 
oil is withdrawn, constitute an important manure, to 
which we have already invited the attention of the 
reader. The following remarks by tho late Mr. Culley 
of Northumberland, comprehend all that are necessary, 
to be said on this subject. 

Ulr.Cniley’s '* llnjie may be sown from the 24th of May to the 8th* 

Reworks, of June, but comes to the greatest growth if sown in 
May. If sown earlier, it is apt to run to seed. From 
Ivvo to three pounds of seed is required per acre sown 
by a common turnip-seed drill. But as Ilape-secd is 
so much larger than turnip-seed, the drill should be 
.wider. When hoed, the Rape should be set out at the 
‘ same distance as turnip plants. The drills should be 
■■from 26 to 28 or 30 inches, according to the quantity 
of duug giyen. - As many ploughings, harrowings, and 
rollings should be given as may be nccefssury to make 
the soil as fine as possible; the produce will lie from 
twenty-five to fifty tons or’ upwards. But it is not so 
much the value of the green crop, as the great certainty 
of g valuable crop of wheat that merits attention. The 
sheep are put on from the beginning to the middle of 
August; they must have the Rape consumed by the 
middle, or at latest by the end of September, no that 
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the wheat may be sown before the Autumnal rams take Agricnltur 
place. The Burwell red wheat is always preferred. The — 
land must lie made as clean as any naked-fallow. There 
Is scarcely au instance known of a crop of wheat sown 
after Rape and eaten oft' with sheep being mildewed ; 
and the grain is generally well perfected." ' . 

In the modern scheme of cultivation by rotation of Cl° vi ' r - 
crops, Claixr enters into the regular succession. Relor.c 
it was introduced, it was thought necessary whenever 
land was exhausted by grain crops, to leave it iu a slate 
of nature and inactivity for several years; after which it 
was again put under the plough, ^t present, however, 
such a miserable expedient is superseded by the practice 
of raising green crops and com crops in a certain order 
on rich soils; while in regard to poorer lands, which do 
not permit so close a succession, Clover is useful as the 
means of converting thehi into excellent pasture. Red Varieties, 
clover, or, ns it is sometimes called, broad clover, is the 
species most commonly grown on fields which bear an 
alternation of w hite and green crops, because it yields a" 
larger produce for one year than any of the other sorts. 

The while or yellow varieties art seldom mixed with it, 
unless it be the intention of the. farmer to lay down lus 
ground in pasturage On rich, clean soilj ten or twelve Cnltme. 
pounds are sufficient for the acre, but on less lertili' soils, 
especially of a still' quality, sixteen or eighteen pounds 
are required. When it is to be cut for hay, thin sowing 
is recommended. It may be put in during any of the 
Spriug months, with the new corn, or among young 
wheat. When it is cultivated with a drill crop, it is 
sown broad-cast, as soon us the grain is drilled, and co¬ 
vered in with a slight harrowing. .Sometimes it is sown 
before the roller, when the barley is a few inches high ; 
and sometimes it is introduced during the operation of 
hoeing, whether with the hand or by means of the hor-c 
apparatus. "When the field is iutended for early past in - 
age, it is usual in some districts to sow ray, rib, and 
similar grasses with the Clover; and in this way a more 
luxuriant herbage is produced, especially on the later 
kinds of soil ; but when the crop is to be cut green, it 
is better to sfttv the Clover unmixed. 

It is admitted that the greatest advantage is derived Cut slide 
from this crop by cutting it iu the green stale, lor feed- growing, 
ing horses and cattle. Applied in this way, it is asserted 
that the Clover supports more than twice the quantity 
of stock, than by pasturing or feeding off in the field ; 
and the additional manure thereby obtained is an ample 
compensation for the expense of cutting and carriage, 

Mr, Kent states the difference in the following terms . 

“ The quick growth of this grass after mowing, shades 
the ground, and prevents the sun from exhaling the 
moisture of the land so much as it would if fed bare; 
consequently, it continues to spring with more vigour, 
and the moment one crop is olf another begins to shoot 
np. Whereas when cattle feed it, they frequently de¬ 
stroy almost as much as they cat; and besides bruise 
the necks of die roots with their feet, which prevents 
the, Clover from springing so freely as after a clean cut 
by the scythe. In hot weather, which is the common 
season for feeding Clover, the fries too are generally so 
troublesome to the cattle, that they are continually run¬ 
ning from hedge to hedge to brush them off; by which 
it is inconceivable what' injury they do to the crop. 

Bht when they are fed in stables and yards, they are 
more In the shade, they thrive better, and at the same 
time consume the whole of what is given to them with¬ 
out waste, 
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Agriculture. 
' Seed clover. 


When clover is intended to produce seed, it is some- .or tenth, unless manure be liberally applied. Coal- Ainiculture. 
times cut for a first crop of ijay, aud the seed is obtained, ashes, peat-ashes, soot, and malUlusl arc employed for *■- , • 

from the second crop; but it is a better practice to eat this purpose; and when the plants are well established 
it well down in the early part of the Spring by ewes and in the soil, top-dressings of this kind, every third or 
lambs, for in this way the land is less exhausted, besides fourth year, retain them in vigour nearly double the 

period. This crop is useful in its green state for all 


Ryc-graa* 
with clover. 


•Choice of 
weds. 


Trefoil 


Sainfoin. 


having afforded the peculiar advantage of early green 
food for the live stock. The crop remains till the husks 
or blossoms become quite brown, and the seeds have 
acquired firmness. After being cut down it is left on 
the field till it is dry and crisp, that the seeds may be 
fully hardened. It is then put up. aod the seed is 
threshed out in thj course of the Winter; a process 
which might be successfully managed by the application 
of a mill or other machinery. 

It is usual to sow rye grass with cloves, whether the 
land lw meant for hay dr pasture; the former commonly 
at the rate of a bushel the acre? or a smaller quantity if 
the soil be fertile and in good order. It may be of cither 
the annual or perennial variety, if it be understood 
that the herbage is to be continued for only one year; 
ami the former produces in general the more bulky crop. 
In .the selection of both these seeds, particular attention 
should be paid to their -quality and cleanness. The 
purple colour of the clover denotes that it has been ripe 
and well saved, aud the seeds of weeds, if there be any, 
will be the more readily detected. Red clover from 
Holland and France has been found to die out in the 
season immediately, after it has been cut or pastured; 
while the English seed produces plants which stand 
over the second, and fcven the third year. Between the 
seeds of the annual and perennial rye-grass the differ¬ 
ence is hardly discernible ; and therefore unless it be of 
his own growth, the farmer can have no certainty that 
he does not labour under deception in this' important 
matter. 

Trefoil is not only a useful plant in pasture lauds, 
but may also be beneficially employed as one of the cul¬ 
tivated grasses. The stem is more slender, and the 
growth less luxuriant than common clover. It is sown 
with oats, or among the wheat crop in the Spring, when 
it is to be succeeded by grain in the following season ; 
by which means a good feed is obtained for cattle from 
harvest till the dead of Winter. Trefoil affords good 
pasturage for all kinds of stock, but more especially for 
sheep. It is earlier than clover, and comes Well iu after 
tlie turnip and rye crops are consumed. 

Sainfoin ul*> is a very useful plant, especially on the 
lighter descriptions of calcareous soils; affording a valua¬ 
ble food in hilly situations, whether as hay or pasturage. 
It is sown with many of the Spring com crops, but it 
thrives best with barley after turnip; add it is recom- 


kinds of stock, although it has been supposed that the 
flavour of milk is injured by it; but it is more com¬ 
monly used as hay, as it affords a very nutritious food to 
working horses as well as other descriptions of caltle. 

Lucerne has for a good many years occupied a part Lucerne, 
of our best cultivated lands. It grows most luxuriantly 
on deep, rich, loamy soils, which must, however, be 
kept dry and well manured. With this view the fields 
are prepared either by means of fallowing, or by a hoed 
crop of turnips, carrots, or cabbages. The plants strike • 
deep into the ground, sending up numerous clover-like 
shoots, which bear blue or violet-coloured leaves. It is 
extensively grown in the South of Europe, and has 
been found to answer well in many parts of England, 
though the principal seat of its culture is Kent. The 
Roman authors-extol this grass very highly and give 
minute directions for its management; reminding the 
practical farmer that it requires a deep, friable soil in¬ 
clining to sand with a subsoil of a similar character; that 
it must be sown early in the season; kept free from 
weeds; arid occasionally supplied with a top-dressing 
of manure. 

' 1 The seed of Lucerne is of n larger sire and paler Sowing 
colour than that of clover. The quantity required in Lucerne 
the brood-cast method is from eighteen to twenty pounds 
per acre; but when drilled iu rows twelve inches dis¬ 
tant, ten qr twelve pounds are said to bo sufficient, 
though our own experience, even on good land, con¬ 
firms us in the belief that this estimate is rather too low. 

When the plants ere to be raised in a seed-bed, the 
sowing should be as early as the frosts admit, that they 
may be fit for transplanting in August. This mode can 
only be practised on a limited scale, and in order that 
where the soil is rich the crop may stand thin and 
regular, and thereby acquire a vigorous growth. Where 
the labour of weeding and hoeing cannot be perfectly 
executed, the broad-cast method of sowing may be 
adopted ; but where suitable attention to the land can 
be bestowed, drilling at-narrow distances should un¬ 
questionably be preferred. 

In a fertile country, there is an obvious advantage in with other 
sowing the Lucerne alone, inasmuch as less time is lost, cro F*- 
while there is a greater certainty of obtaining a crop. 

But the sowing with corn on light and porous soils 
affords "the young plants some protection, and also, .it is 


mended by gome that only half the quantity of barley thought, prevents the ravages of the fly. When Lucerne 
used for a full crop should be used in.such circum- is sown with grain, the quonty of seed used for the 


Its coll 


stances. Much of’the success In all cases, however, 
depends on the after management. While some writers 
advise .that It should be cut for hay instead of being 
pastured; others maintain that it should be neither 
cut «i6r pastured till the Autumn of the first year. 
The diversity of practice here recommended may arise 
from a difference: of the ami, and a greater or less de¬ 
gree of luxuriance in 1 the crop. But in’every in¬ 
stance, a crop of hay. is taken the succeeding Sum¬ 
mer ; and the after-grass is fed down, to a certain de¬ 
gree^ b^„y kind of stock' except sheep till the month of 

Ihue^T It is not tUl the tMrd year that Sainfoin attains its 
perfect growth; and it begins to decline about the eighth 
von. vi. • -■■'■•' 


latter ought to be smaller than for a separate crop; and 
we add that for this purpose oats are considered better 
than barley as they are not so apt to lodge in a moist 
season. 

The culture of Lucerne is attended with considerable Culture, 
expense, but, when it succeeds, it brings to the farmer a 
full remuneration. Being one of the earliest grasses, it 
is sometimes ready for the scythe about the end of May, 
and, in favourable soils, it may be cut every five or six 
weeks throughout the season. Agaiu, besides affording 
n very nutritious food, it is extremely useful tor soiling 
horses and other cattle, and indeed for nil the purposes 
contemplated by the Agriculturist in raising the artfc 
fictal grasses. The failure of clover iu lauds whereon it 
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Tl«x*n<l 

Hemp. 


Hops. 


Afiriculhire. has been too frequently grown, a fact fully established 
' by experience, may therefore induce practical men to 
make a trial of Lucerne in places in which it is hitherto 
little known; and in time it may possibly become so 
imured to our climate as to grow luxuriantly in parts of 
the Islam!, of which the soil and climate do not rank in 
the first class. It is sometimes used for hay; bat un¬ 
questionably the most profitable application of it is in 
its green state, for the soiling and feeding of live stock. 

As Flax and Heinp are very sparingly grown in this 
Country, we shall hold it sufficient to mention that they 
both require good soils, and are, at the same time, con¬ 
sidered so exhausting to the land ss to require a larger 
price than can lie obtained in face of a competition with 
Holland and Russia. Dutch seed is in higher estima¬ 
tion than any othe.r; it being (bund that it raises a 
larger produce than llie A merican, and secures a finer 
quality thau that imported from Riga. In former tiroes 
the process of steeping and bleaching was both tedious 
and precarious, for if the weather became wet there was 
a great risk of losing the whole crop before it could be 
dried ; but this labour and ha sard are now precluded 
by the use of Ilill and Bundy’s Patent machines, by 
which tiie whole preparation of Flax for the mill maybe 
accomplished in the space of six days.' 

The Hop, though largely cultivated in some parts of 
the Kingdom, is by no means a general product of Agri¬ 
cultural labour throughout „tne Empire, because it 
requires advantages of soil and climate which are denied 
to the greater portion of it. In the most favourable 
situations it is n very precarious crop, sometimes .yield¬ 
ing an ample profit, aud at other times not defraying the 
expense of rearing it The plant itself, as Mr. Parkin- 
sou remarks, is extremely liable to disasters, from its 
first»putling up in the Spring until the time of picking 
in September. Snails und slugs, ants aud fleas, are 
formidable enemies in the first instance. Frosts are 
inimical to its growth; and the bines are frequently 
blighted even after they have reached the- top of the 
poles. Certain greeu flies which make their appear¬ 
ance in the months of May and June, when the wind is 
about North-East, often greatly injure them; and they' 
are subject to be damaged by high winds from the 
South-West. The best situation therefore for a hop¬ 
garden is a Southern aspect, well shaded on three sides, 
either by hills or planting, which is supposed to be the 
chief protection that can be given them. 

When it is intended to have a new plantation, the 
.-'best method is to have tlie cuttings from approved stock 
* planted out the year before they are wanted in the 
hop-ground,- as tlie use of plants instead of cuttings not 
, only gains twelvemonths, but they arc more certain to 
flourish, as. many of the latter will not lake root in a 
dry season. A small piece of moist land it> sufficient ti 
raise plants for many acres and at little ex|«nse. In 
’►preparing the ground, it is worked with a spade, und 
set out in ridges about ten feet wide, and two yards ' 
between each; having a strip of grass, called a pillar, 
pe*t every ridge, and an open drain between every two 
pillars, 1 the depth of which varies according to the soil. 
Three rows of plants are made upon each ridge, which 
should intersect each other at. right angles. They are 
generally about six feet distant in the rows, no that the 
number of plants on a statute acre may be estimated at 
thirteen hundred. 

Expense. _ The expense of taking up hop ground is from £& to 
£6 per acre, as the price of planting, varies with the. 


Cultuie, 


made pursued; and if the drains are required to be Agricultur 
deep or the soil is particularly strong, a still greater sum » 

wifi he expended;-to which -may be added £2b per 
SOTe for poles, the rent and taxes, and also the working - 
Ssr ihree yean before many bops can be expected. ■*• The 
fbUtrwiug are termed the annual orders; digging the 
ground completely over, hoeing the earth from the 
plants, and catting off the stock a little above the roots, 
which processes are called pickling and cutting ; poling, 
which is.carrying the poles from the stacks, and setting 
them down to the plants with a round implement shod 
with iron and called a pop, having p. crutch at the top 
and a peg through the middle to tread upon ; tying the 
bides round the poles with rushes and pulling up the 
superfluous bines; hoeing the ground all over with a 
hoe ofdarge dimensions ^ wheeling and laying manure 
upon every plant or hill; covering the manure with the 
sod, which is done by scraping the ground over with a 
hoe end is called hilling ; and flacking, which is carry¬ 
ing and setting up the poles into heaps or stacks, after 
the crop has been taken. The annual expense of these 
orders varies from £&. IBs. to £8. bt. per’Ucve. . 

As to the manure most proper for the hop culture, Manure, 
good stable dung is much used, and is preferred to the 
manure made by cattle, as tlie hitter encourages ants on 
strong ground. Woollen rags arc the best for forcing a 
luxurious bine, and if used with judgment are excellent 
for clay-land; hut they are apt to make tlie hops small 
if too many are employed. Malt, culm, and dove- 
manure are excellent; and one complete dressing with 
lime is very serviceable for strong ground. 

When the crop is ripe, a.proper.number of pickers are Picking, 
procured, for whom are provided light wooden frames, **• 
called bingu ; they are clothed with hop-bagging, into 
which the bops ore picked off the poles bv women and 
children, having them brought by men, who take them 
up by cutting the bines about a toot abqve the ground, 
and drawing up the poles by an instrument called. a 
dragon. Each binge has from four to six pickers, and 
a man attends to one or two binges according to the 
crop; he strips the bines from the poles as they are 
picked and lays them in heaps ready for stacking; he 
also carries the hops to (lie kilns, if mar, or to a cart* as 
they are measured from the binge. It is necessary to 
have a supply of coke in the kilns to dry the hops which 
aCe spread -on hair-cloth, stretched upon an open floor 
of wood over tlie fire, every noon and midnight, «o long 
*«.the picking continues. They, ore stirred repeatedly, 
and when cured arc turned off into the store-room to be 
put iute bugs and pockets, (after they have .been there 
about a week,) which is done by rising each bag in a 
frame and . treading the hops iq, lip mtcise officer, 
who attends during the season,' then wfeig&s them, and 
«harge» twopence per pound for the duty, when they, 
become marketable. 

From the foregoing particulars, continues Mr. Far- Profits, 
kinstm, it will appear that there are scarcely any Jtop- 
grouuds which do, not cost yearly upwards' of £12 
per acre, (exclusive of the picking and dqty, which may 
exceed £20 pftr acre;) and theta are other grounds on 
which upwards of £20 the acre are. expended; so the 
average may be said lobe about £ 1A per acre, without • 
the picking,.drying, and. duty. . If a good plantation 
produces ten hundred weight per acre iifi a qrop year; 
whicb.are soldal£u per liundred.weigbt,th4arinuai«Xr 
ponses being d?2Q f ,aud the labour ant) .duty £20, the pro- 
fitfiillnl'iOj and admitting that the a$n» ground pays, 
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Agriculture. all expenses in » blight year, and supposing this to be 
' exerjithird year, the profits would be nearly £7 per acre 
uucnaily. But, as the forgoing crop cannot be ex¬ 
pected on any ground every other year, the produce of 
the third year may be stated at five hundred Weight 
per sere, at eight guineas per hundred weight; front 
which amount must be deducted the annual expenses 
£20, and the picking and duty «£12, leaving as before a 
profit of about £IQ. 

On a suitable soil, properly managed, a hop plantar* 
don may continue in a state of tolerable productiveness, 
fifteen years or more, but in ordinary circumstances it 
begins to 'deteriorate about the tenth year. The ex¬ 
pense of forming one has been estimated, including ail the 
expenses of cultivation and building, at from £70 to- 
£100 per acre. The. annual .dressing, too, ablorbs a 
great quantity of manure, which, of course, must bo 
withheld from the lands under tillage, and thereby give 
occasion to »• certain degree of loss. It may conse¬ 
quently bq’inferred that the growing of hops, in favour¬ 
able circumstances .of soil anti climate, is.a'profitable 
application of j^grictiUural capital and skill. 

Other Our limits will-pot permit any minute description of 

cro P*' a variety of (filter productions which, in particular dis¬ 
tricts, occupy the attention of the farmer: swfti as florin 
grass, strongly recommended by. the late Dr. Richard¬ 
son ; wood and meld, article* owed for dyeing black and 
yellow respectively ; the spurry,. or Sperguta amentia, a 
plant occasionally sown on stubble fields ; buck-wheat, 
a grain principally used for feeding poultry; maize tit 
Indian corn, lately attempted on a small scale; and kelp, 
a marine product raised for the purpose of supplying 
ait alkali or potash, which is found useful both as a 
manure and in the manufacture of soap and glass. We 
therefore pass on to another brdhch of our subject, 
namely, " 


Cannes in¬ 
fertility,. ’ 


The Succession or Rot-ation of Crop*. 

It is now one of the best established principles in 
Ipf upogr ‘hat land from which the same species of crop 
i$, tjdje't for. a number of years, is more exhausted than 4 
if the sajtne quantity of produce were raised from it, pro- 

- grajp pt plants' were of different sorts. Hence 

■ H .js^i ■ iinpoiUnt inquiry, how the kinds of crop best 

- adapted to different situations should be selected, so as to 
qbtain at th? cheapest rate, and with the most certain 
quceess. thqse vyldch are the most advantageous and 
yrjtich b^st correspond with the .nature of the land and 

^y^pqpduum’s means of raising them; keeping in 
economy and profit, and the full supply of 
ipoqjjrf; r^qqjaUa to support the fertility of the soil. In 
qvery .system qf iqamigtment, a remark made by Dr. 
^qyentjryi ^Jie ■ late professor of Agriculture at Edin- 
jbvtrgh, . sljotfldbe. .remembered; namely, that the fer- 
tjjtjy^qfj.apy soil js, augmented in proportion as it is 

- fiN»4*%tfjlA! op, in other words, that it is more diffi* 
enlt tp r$*8,t.be fertility of lend from the pitch of tear¬ 
ing two qunrte^lo that of throe, than from three let five 
or evepsix. -lt is trUe» as the mum ahthor observes, 
that; the cifCunutonoes ®f situation can. alma'determine 
Vhfit.aW,.l']iP «no»i- proper species of crops for cul- 
ture ^^pjrgg&rtiqn iu which they should he raised, and 

’ tbs best qrder or succession with respect to one another, 
G^^ip'partieutarii in. different cases require the atten- 
Uve eourifcHtjoa of the husbandman, when about to 
settle the mtKfo/qf culture for bis arable fields; some of- 


thetnare of general import while others are more con- Agricalfma. 
necten with local peculiarities of earth and atmosphere. ’ - — r n_ * 

Itt all cases, the main poiuts to be considered are the Alternate 
proper adaptation of'the com crops to the nature and 
state.of the lands, and the judicious intermixture of 
green crops so as to prevent the exhaustion or'deteriora¬ 
tion of the soil; that is, the strict observance of the alter¬ 
nate husbandry. In this. Way the culture of the field 
approaches to that of the garden, and the impoverishing 
effects produced by a succession of grain crops are 
avoided, while the amount of produce is greatly in¬ 
creased. But it ought to be observed that the fertility 
even of the richest land cannot be retained by a con- 
■ slant course of alternate cropping; while such manage¬ 
ment pn a sandy soil, and indeed on alt of a higher 
description, is positively injurious. For the purpose of 
keeping np tlie requifute degree of vigour in such lands, * 
that portion which has produced a herbage crop is 
allowed to remain in pasture, during one or two years. 

According to this system, which, to distinguish it from amteonrer. 
the alternate, is denominated convertible husbandry, the **bk crops, 
same land is at one period under the plough, and at 
.another in pasture grass. In conducting both schemes, 
the convertible and the alternate, the /hrmer must not 
repeat a crop on the same field at too short an interval; 
and this remark applies to turnip and potato os well as 
to wheat or'rye. A too rapid recurrence is certain to be 
followed by a diminution in the extent as well us in the 
quality of the produce. 

It has been recommended by the author of the Sur- Proportion 
vey of Midiite*ex, that where the land is of the best qua- of gwen 
lity an' alternation of green and white crops may be pur- ' m ' l ) ' vh:!e 
sued ; that where the land is of a full medium quality, crt ^’ 9 ' 
three green crops and two corn crops should be taken ; 

• that for ordinary land tlie propoifiou should not exceed 
one corn crop for two green crops; and that for poor 
exhausted land, as that of the Down and Sheep-Walk 
description, one grain crop is sufficient for three of 
potato, clover, or turnip. By cropping in this maimer 
and in the proportions now stated, it is supposed that 
lands may l>e kept in a cleau state and in a proper de¬ 
gree of fertility; or as the author expresses if, under 
such management they might be continued in perpetual 
araikm with a constant succession of large products. 

According to the proportions just staled, the follow- Rotations, 
iug series of crops are .suggested: 

I. Corn, clover, peas; or peas, beans, corn; being 
, two green crops for one of the white kind. 

II. Corn, clover, tares, turnips; or corn,clover, peas, 
and beans; being three green-crops to one white. 

III. Tares, potatoes or cole, turnips, corn, clover; 
being four green crops to one of corn. 

IV. Peas, beans, corn, clover, tares, turnips; being 

. five green crops to one of grain. 

- On lands where the convertible husbandry Is pur¬ 
sued, horse-hoeing practised, and >hc green crops sown 
on ridges at a proper distance from one another, the 
following Rotations are suggested by Mr. Close for dif¬ 
ferent sorts. 

’’ I. On clay soils. 1. Turnips or cabbages. 

2. Oats. 

5. Beans and clover. 

4, Wheat. 

Turnips or cabbages. 

6 . Oats. 

7. Beans uiul vetches. 

$. Wheat. 
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II. On clayey loans. 


III. On rich or sandy 
loams. 


IV, On peaty soils. 


1. Turuipa or cabbages. 

2. Oats. 

3. Clover. 

4. Wheat. 

5. Turnips or cabbages. 

6. Harley. 

7. Beans. 

8. Wheat. 

1. Turnips and potatoes. 

2. Barley. 

3. Clover. 

4. Wheat, 

5. Beans. 

6. Barley. 

7. Peas. 

8. Wheat. 

1. Turnips. - 

2. Barley. 

3. Clover. 

4. Wheat. 

5. Potatoes. 

6. Barley. 

7. Peas. 

8. Wheat. 


V. On a chalky subsoil, • 1. Turnips. 

2. Barley. 

3. Clover. 

4.. Wheat. 

5. Potatoes. 

6. Barley. 

7. Teas. 

8. Wheat. 

VI. On gravelly soils.* 1. Turnip. 

• 2. Barley, 

3. Clover. 

4. Wheat. 

5. Potatoes. 

* 8. Barley. 

7. Peas. 

VII. On light lands. 1. Turnips. 

2. Barley. 

, *3. Clover and rye-grass. 

4, Ditto, ditto. . 

5. Ditto, ditto. 

6. PeaS, •' t. '*■■■■ 

7, Rye. 

.8.* Wheat. 

These examples are sufficient to illustrate the subject of 
improved Rotations asexplaitted by Mr.Brown jh his 2Vto- ! 
Use on Rural Affair*, but as'the best general scheme may 
be occasionally deviated from with advantage, the same 
author adds that cross-cropping in some cases 1 may per¬ 
haps be justifiable in. practice. For instance, we have 
seen wheat taken after oats with great success when 
these last had followed clover on a rich soil, though, as a 
permanent, rule, it cannot be recommended. We have 
heard of another Rotation which seems to come uuder 
the same predicament, were it. not thai, without the test 
of Experience, we must not presume to pronounce upon 
its merits. The method atluded.to begins with a naked 
fallow, and is carried on with wheat, grass for one year 
or more, bats, and wheat again, with which the series 
terminates. The supporters of this plan of cultivation 
maintain that beans are an uncertain crop and raised at 


great expense; and that in no other way will corn, in Agriculture 
equal quantity and of equal value, be produced at so w—vr—* 
little expense. .That the cost is lessened we readily 
admit, because no more than seven ploughing* are giveu 
through the whole Rotntioii; but whether the crops will 
be of equal value, and whether the ground will, be pre¬ 
served in equally good condition, are poipts which re¬ 
main to be ascertained by experience. ' 

In East Lothian', a district in which Agriculture has Rotations 
reached a high degree of perfection, the following Rota-•“ K*** 4 
tions are observed. On lands near the sea where the Lothian, 
soil is a dry gravelly loam, a four-bourse shift, as they 
call it, is adopted. 1. Turnip with or without manure; 

2. bSriey or Spring-wheat with gross seeds; 3. clover, 
used green for cattle, or cut for bay ; 4. wheat, or oats 
if wheat was taken before, manured'on the clover lay. 

On this description of land, the turnips are consumed on 
the ground by sheep. On deeper loams with a dry 
bottom the usual' Rotation is, 1. turnips; 2. barley or 
spring wljeat ; 3. grass ; 4. oats ; b. beans drilled and 
horse-hoed; U. wheat. The manure is applied only once, 
and iu this Rotation is given to the turnip, so that suc¬ 
cess in this mode of cultivation can be obtained only on 
land of the best quality. On heavy loam! with a reten¬ 
tive subsoil the method is somewhat different; namely, 

1, fallow with manure; .2. wheat; 3. beans drilled and 
. horse-hoed ; 4. barley; 5. clover, which is manured on 
the stubble; 6. oats; 7. beans; 8. wheat. The appli¬ 
cation of manure twice in the course of this Rotation is 
found very beneficial. 

Connected with Rotation we may observe that a change Varieties of 
of the variety as well as of the specie* of the plants used in 
husbandry, is found to be attended with great advantage. 

It ia well known thatoftwo parcels of wheat, for example, . 
u much alike in quhUty as possible, the one which hail 
been Iraised on a soil differing much from that on which 
It ia:to be sown, will yield a better produce than the 
. other that grew in the same, or in a very similar 
soil and climate. Tjius farmers too, in one district find 
that wheat from another, although not superior to their 
own, is a very advantageous change; white oats and 
.other grain brought from a clayey to a sandy soil, are 
more productive than seed raised on similar ground. 

No precise rules can be laid down for fixing the pro- DistriW 
. portion of any farm which should be occupied by the *•<»" of 
different crops; for the quantity of lancj, destined to CT °^‘ 

. each must,be varied not only according to its soil and 
climate, but even according to its local situation in 
regard to markets. As, however, a great object in 
every well-regulated system of husbandry is to preserve 
the ground in good condition, add at the same time to 
derive from it the greatest quantity of produce it is capa¬ 
ble of yielding, a certain relation must always be 
established between the extent of land allotted to green 
crops on the one hand and to corin'crops on the other. 

The necessity of this arrshgement yrili appear from the 
fact that, while the return of manure from corn is only 
about (opr tons for the acre, the amount arising from a 
green crop exceeds six tons; and, aa it has been calcu¬ 
lated that a farm cannot be kept at' the proper pitch of 
fertility, unless the crop yield manure at the average of 
five ions, it becomes manifest that i given proportion of 
the land must., be, used for the production of turnip, 
clover, and potato.» . > 

Before we conclude thishranch of the subject we shall Bxpwt- 
add a few remarks oq the Advantage of experiments on "I 
soils and manures, made with the view of ascertaining 
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Agriculture, their influence on each other, and their respective tend-, 
v "“x -111 ' ency to invigorate ihe 'principles of fertility, and in¬ 
crease the amount of Agricultural produce. Mere wo 
do’not allude merely to those trials made by theorists 
and speculative writers on the Geological properties of 
so|I at large, nor to those Ingenious concllisions derived 
by the'Chemist from, a scientific analysis of the various 
substances which are .applied Tor its improvement in the 
great scale. We rather mean those particular experi¬ 
ments which are made by individuals on their own 
larfds, with a reference to the 'several - kinds of manure 
which may happen/o be within their reach. Were this 
plan generally adopted by farmers,'a degree of precision 
and accuraay in their .knowledge of riiral affairs would 
soou be acquired ; which, we venture to predict, would 
place Agriculture as Tar In advance of what it is«t pre-, 
sent, as it Is now in advance* of what. it was fifty or 
eighty years ago#-' The trouble and expense of making 
experiments is, no doubt, considerable; but the value of 
the knowledge thereby Obtained wobld prove an ample 
remuneration, preventing much useless labour and on 
unprofitable outlay of capital. ' 

l>y Mr. To illustrate wnat we mean wc shall give an example 
Oliver. ofthe kind of^xpCriment now recommended; supplied to 
us by an eminent Agriculturist in Mid Lofhian.* The 
object in view was to ascertain,' iii the first place, the 
relative value, in producing potatoes, of dry recent horse- 
manure, of cow-dung, and Of street-sweepings, or rather, 
the aggregate substances which are collected in large 
towns under the direction of the police; and secondly,' 
that particular distance between the rows in a field of 
potatoes which will secure at once the largest produce 
and the best quality. 

For this purpose a portion or land was selected, as 
nearly ns possible of a' uniform character, and extending 
to about two Scotch acres. The plan of proceeding will 
be easily, understood by the subjoined description of 
the field. It was divided into five portions of.thirty-six 
feet broad; each of which again, divided into three por¬ 
tions twelve feet broad. Upop the first twelve feet, begm- 
ning at one side df the field* twelve drills, occupying one 
foot each, were formed, and. cow-manure applied at the 
rate of forty, carts, Weighing about eighteen ..hundred 
weight each; tq. the acre. ? Upon the,second twelve feet 
twelve drills of the same width were 'made, to which .the. 
same quantity of dry horse-ftiatiure.^was applied ; .and' 
on the third twelve feet,, the like quantity of street-ma¬ 
nure was laid,' and the Same; number of drills, were 
planted. In like manner, upon the retraining four 
divisions of thirty : six feet, drills -at the distance />f 
eighteen, twenty-four, thirty; arid thirty-six inches respect- k 


*■ ‘ ^ 

* Mr. Oliver, who through the medium of the Periodical Fm> 
ha* thrown much*light’ on. soma, intending branches of rural 
economy. 


ivelywere formed, and the same kinds and quantities A B ricuUurr 
of manure were applied in the same order ; that is, on . 

every separate portion of thirty-six feet, subdivided into V 
three sections of twelve feet, cow-dung, horse-dung, ap>l 
street-dung were laid successively as has just been 
described. 

The whole field was planted with that description of 
potato known in Scotland by the name of Dons, and in 
England by that of Pinkeyes. It is obvious that there 
were in it fifteen lots or portions ; eaelt of the five prin¬ 
cipal sections being subdivided into three minor sections. 

When the crop was ripe, each division was lifted sepa¬ 
rately, the produce freed frpm earth by riddling, and 
carefully weighed. In order to ascertain the effect of 
the different widths on quantity, the weight obtained 
, from each of the five divisions on which drills of twelve, 
eighteen, twenty-four, . thirty, ' and thirty-six inches 
respectively were formed, was ascertained. For this 
purpose it will be observed, it'was not necessary to make 
'any distinction as to the different kinds of manure 
' applied, because each division received an equal portion 
of the three sorts. 

The result as to ihe effect..of distance between the 
drills is exhibited in the 1st Table, and goes for to 
prove the importance of attending to that particular. 

The lid Table exhibits the result of the experi¬ 
ment as to the relative value of the several kinds of 
manure employed; which, taken in connection with' 
various other experiments on the same subject, leaves 
no doubt that great'benefits would arise from experi¬ 
mental investigations in regard to the means of ferti¬ 
lizing land for different species of crops. It is rendered 
manifest on the present occasion, that street-manure is 
very inferior, for the purpose of cultivating potatoes, to 
that supplied either by the cow or horse; but no 
general conclusion can be established until it shall be 
verified by experiments that its inferiority is equally 
great on all oilier soils. The ascertainment of this sim¬ 
ple fact might perhaps lead to the most important 
-results as to the peculiar food, or pabulum, of the 
potato plant. 

The Illd Table is formed by taking the average pro¬ 
duce per acre, obtained from each of the three kinds of 
manure employed, and at the several distances between 
the rowa, as shown in Table II. In this way is 
brought' iuto One view the comparative values of the 
, manures and the average result of the five experiments. 

In fact, each of the five greater divisions may be regarded 
as a separate illustration of the principles involved, ; 
whether in the mode or material of cultivation ; tin ugh 
when the whole are alternated ami repeated under so 
great a variety of circumstances, they produce a greater 
degree of confidence than when estimated singly. But 
we beg. the attention of the reader to the Tables them- 
■elywi.. 



62 


AGRICULTURE 


Agriculture. 


Sketch of the Field showing the situation of the Lott, their produce, and the manner tn which the different 

kinds of Manure were applied » , - 


Measurement. 

Inches 

between 

row*. 

• 

' ' ■ 

A« 

XU 

V. 


Cow-dung 

12 Rows 

I5£ Falls 

ROLLS 

Produce 4 

G 

V.‘ 

0 

L . , 1 

0 

1 

n 

13 

Horse-dung 

12 Rows 

15£ Falls , 

Produce 4 

2 

0 

• 

416 feel 





Street-dung 

12 Rows 

15£ Falls 

Produce 4 

0 

0 

* 



• 

Cow-dung 

8 Rows 

Iff- Falls 

Produce 6 

0 

0 


0 

l 

7£ 

18 

Horse-dung 

8 Rows 

16 Falls ' 

Produce 5 

3 

■0 

t 





Street-dung 

S Rows 

18 Falls 

Produce 4 

2 

0 





[ 

Cow-dung 

6 Rows 

l&J Falls 

Produce 6 

1 

2 

Jt 

0 

l 

10 

24 | 

Horse-dung 

6 Rows 

16| Falls 

Produce 6 

1 

1 

<U 

to 



# 

l 

Street-dung 

6 Rows 

16£ Falls 

Produce 4 

0 

1 

w ■ 





CoiV-dung 

* 

6 Rows 

18 Falls 

Produce 7 

2 

.Of' 


0 

l 

10|- 

30 , 

Horse-dung 

5 llovys 

18 Falls 

Produce 7 

2 

• 0. > 

■M 

to 





Street-dung 

5 Rows 

18 Falls 

Produce 4 

1 

•0 






Ccw-dung 

4 Rows 

17J Falls 

Produce 6 

3 

1 


0 

l 

f 

CD 

36 

Ilorse-dung 

4 Rows 

14$ Falls 

■ Produce 6 

0 

2 

Jl • 

to 





Street-dung 

4 Rows 

5 

17 Falls 

Produce, 5 

0 

0 

CO 


TablIc I. 

Showing the Profit or Loss upon raising Potatoes at 12, )8, 24, 30, and 36 inches between the Rows. 


Distance 

between 

r<nv*. 

Quantity of 
erountl in each 
let. 

Pnxjnce. 

Quantity per 
neves 

. Price 
per hall 

* „ 

Value per acre. 

1 

Cost af praduo 
tion. , 

Lon per Sere. 

Profit per aero. 

Inches. 

AC. R. V. 

B. K. P. L. 

B< V. P. I.. 


£ . ». 4.' 

1 -£. s.' j: 

*«. - d. 

. «■ ». d. 

i* 

0 1 5f 

12 2 0 0 

43 2 S 1 

8 

17 S 7.J 

24 8 .0 

6 18 4£ 


18 

0 l 7| 

16 1 0 0 

54 1 30 

S 

21 15 3 

' 23,^85.‘0 

1 12 6 


24 

0 1 10 

1.6 3 0 0 

53 2 l 2 

8 

h 8 9 

23-V o. 

fi: .11 s 

A,f » »,« 

: ' 30 ' 

© 

© 

19 1 0 0 

.00 2 3 0 

. 8,. 

Mh 6 

22;13 -O 

i . ,r 

1 12 6 

36 ? 

6 1 8| 

17 a a o 

58 3 2 0 

8 

s 23 'll 6 

*22 i b 0 

".V&S. 

1 10 

* 


' wt. r '-»7. i 




. .*■' .1 * - 

. . ' rf*‘ * , 
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and Street-dung, cock applied at the rale of Forty Carta per Acre. 


Distaora 
between 
, mwe. 

Kinds of 
raauurS 
applied 

Produce 

pw 

sen. 

Value 

a 

Value per 
acre. 

Cost of 
production. 

l'nce of 
manure 
per cart. 

Lons per 
acre. 

Profit, per 
acie. 


. . 

b. r. u 

<. 

£. r. d. 

£ 

9. rf. 

$ d. 

£ .. d. 

£. > d. 

,i 

Cow.' 

42 0 0 0 

8 

10 16 0 

25 

80 

4 0 

8 12 0 


12' | 

Hor eg. , 

47 0 3 0 

8 

18 17 6 

23 

8 0 

3 0 

4 10 6 


| 

‘ Street. 

42 0 0 0. 

8 

16 16 0 

24 

8 0 

3 6 

7 12 0 



Cow. 

60 0 0 0 

8 

24 0 0 

24 

8 0 

4 0 

0 8 0 


18 

Horse. 

61 '2 6*0 

8 

2i 0 0 

22 

8 0 

3 0 


0 12 0 


Street. 

45 0 0 0 

S 

18 0 0 

23 

8 0 

3 6 

5 8 0 



Cow. 

61 0 3 0 

8 

24 9 6 

24 

0 0 

4 0 


0 9 6 

24 

Horse." 

60 1 0 0 ' 

8 

24 2 0 

22 

0 0 

3 0 


2 2 0 


Street, N 

39 0.0 6 

8 

15 12 0 

23 

0 o 

3 6 

7 SO 



Ca*r. 

66 2 2 0 

8 

26 13 0 

23 

13 0 

4 0 


3 0 0 

i 30 , 

Horse. 

66 2 2 0 

8 

26 13 6 

21 

13 0 

3 0 


5 0 0 


Street. 

46 3 2 0 

8 

18 15 0 

22 

13 0 

3 6 

3 18 0 



Cow. 

63 0 3 0 

8 

25 5 6 

23 

10 0 

4 0 


1 15 6 

3 <5 

Horse. 

67 2 2 1 

8 

27 0 7J 

21 

10 0 

* 

3 0 

. 

5 10 7^ 


Street. 

47 0 0 0 

8 

18 16 0 

22 

It) 0 

3 6 

3 4 0 

. 


Table III. 

Showing the average Profit or Lots vpmt Potatoes raised at the ’Distances between the Hokw and with the three 

hinds of Manure in Table H. 


Kindii of 
manure. 

Boll* per 
acre. 

Price per 
boU. 

Value per 
acre. 

Cost of 
production. 

Loss per 
acre. 

Profit per 
acre. 


b. v. p. r.. 

«. 

£. t. d. 

£. *. if. 

£. t. d. 

£. s. <1. 

Cow. 

58 2 1. 8 

8 

23 8 9 

24 3 9$ 

0 15 04 


Horse. 

59 3 1 1 

8 

23 18 7J 

22 3 9$ 


X 14 10 

Street 

• 

48 8 8 8 

8 

’ 

17 11 10$ 

23 8 9$ 

5 11 11 

. 


Results. From the 1st of these Tables H appears that the 
Width of distance of thirty inches between the drills ought to he 
Drills. preferred to any of the others; there being; uniformly a 

loss on all the portions gro^n at narrower intervals, 
and the greatest on that where the drills were only, 
twelve inches apart. It appears, at the same time, that 
ft greater width would not prove, beneficial; for the 
piece of ground where the drills were »t the distance of 
thirty-six inches was not equally productive with llutl on 
which they were onlv thirty inches separated; the profit 
on the latter being £1. 12*1 6d., whereas on the former 
it was only i?l. 1*. "* 

Compare- Front the lid Table it is manifest that dry recent 
*3 ,d ' ^orae-monure is decidedly preferable to either of the 
mamtre. other two > *he loss with it on drills of twelve inches 
beiug considerably less t han with the cow or street-dung: 
while in drills at all the other distances, it yields by &r 
the largest profit. It further results from the facts 
detailed in this Table that street-manure should not be 


used in growing potatoes where either of the others can 
be procured ; and on the whole it is rendered too clear 
to admit of any doubt in the mind of a practical Agri¬ 
culturist, that the width between the rows and the kind 
of manure applied are objects of the greatest importance 
in the management of this particular crop. 

From weighing the foregoing facts it might be in- Oh Potato 
ferved that the growing of potatoes, even with the largest Crops.' 
profit which appears attainable, is not ah object worthy 
of much attention. It is admitted that the profit is 
very small, but it ought to I* kept in mind that, nt cer¬ 
tain intervals, the land must receive a supply of manure, 
in order to compensate for the exhaustion occasioned by 
ft succession of corn crops. It is equally necessary, too, 
that the soil .hall be well pulverized and completely 
cleared from all root weeds; and these operation-, can 
be performed to advantage only when the field is sub¬ 
jected to a Siimmer-lullow, or cropped with drilled 
potatoes or turnips. Besides, in estimating on the cost 
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AgrimHnre. of production in the foregoing Tables we have charged 
’ tbe croj»- will» '♦l»u whole cost of manure together with the 
expcnse-Of sufficiently pulverizing the ground so as to 
warrant the expectation of at least three good crops 
without any more (king, or much outlay on the process 
of clearing. On grounds Ola mnderalefy light texture, 
potatoes are a better preparation tor wheat than Sum¬ 
mer-fallowing; and lienee whatever profit is gained by 
tiie green crop ought to be regarded its in soma measure, 
a gratuitous addition to the fanner's capital. 


CHAPTER If. 
On Lite Slock. 


Divisions of 
the 


gradually superseded all giionfinn to the native specie* Agriculture, 
of .the country. ,Tlte Sheflaud potty, indeed, is some- 'wy 1 * 
times reared ft*,a eurinsily.or for lhe use of children, 
but in no part of the Kingdom for the purposes of tillage. 
This.aueiont race is supposed tolmve been brought into 
Scotland from Scandinavia, when the Northmen first 
gained,a footing )tt .Caledonia; and it is precisely the ' 
same , breed which subsists .at present In Norway, the 
Feroe' IhCs, end Iceland, being totttUy dislhiet .from a}l " 
the varieties, whieh are seen ontho Continent of Europe , 

■ Southward of the.BaKic,.. % 

Xhenudn source ofimprovemeot^n our fitfrm horses Dutch and 
mny be iraced to Holland and Germany, whence pur German 
Agriculturists at an early period imported a breed of hom *'. * 
heayy, large-boned animals, the parents of the finest .,,. ’ 
and Best working animals we at present possess, whether 
in the South or.North. ' The Suffolk Punch is perhaps Suffolk 
better, suited .then any'other to the general purposes of Punch. 

_ ' .1 1 ,• *„, 1 


We have nlrcatly remarked that Rural Economy divides 
Subject, itself into two great heads : first, the cultivation of the rural labour s having a'grcut deal of constitutional hardi 
soil for vegetable productions; and. secondly, for the, c'ombitted with puflUcient. action for cither the 

- rearing of live stock. Tin's last is naturally separated plough or the Waggon, The colour, usually yellowish 
. Into three parts, os it respects the objects which are' .... ■?. - - * 


Animals for 
labour. 

The Hone, 


or sorrel, with a while-scratch or blaze on the face; the 
head large; ears wide, muzzle coarse, fore end low; back 
long, but very straight; Sides flat; sheulders too far 
forward ;hind-quarters rather high about the hips; legs 
round and short-in the pasterns; deep-bellied and full 
in -the flanks, a quality which enables him to retain his 
food long, and undergo without inconvenience a more 
protracted toil then a fitter horse could endure. 

The Black Cart-horse, so well known in most parts of Black Cart- 
England, a fid of which we see the most improved va- horse, 
riety in the streets of London, is not so much esteemed ' 
by the farmer a* by the drayman and. the waggoner. 

, Ha is heavy autlfilpggash, add by no means so capable 
t . . ... . of standing a)ong_day> work ps a much sinaHer animal 

Ron of the animal will admit this nostrils expanded and. ofbetter blood- .The. Cleveland Bay* are a more active Cleveland 
muzzle fine; his eyes cheerful and prominent { hi* gars' - and hardy rads, though it is alleged, they arc no longer Bay. 
small, upright, and, placed near each other.; bis neck so Carefully reared vis hi former times. They are Said 
rising out from between his shoulders with qn easy to have dniWh the}r best qualities from a cross With 
tapenng cone must join gracefutty to the head; his. racers, and, consequently, to have turned out excellent 
shoulders being well thrown back, must alsp go into his hunters, gopd foadsters. and, at the same time, well 
neck, at what arc called the points, onperevived; whiph, fitted, for the duties of. our Cavalry regiments. In the 
perhaps, fiicilitates the going more than the narrow Ngrthera-EounUe^ they jtre to be; seen in a condition 
.shoulder; the arm, or fore thigh should be muspnlar, more orless improved,on almost every-farm, both as. 
and tapering from the shoulder, meet wit h a fine, straight,. plpugh-kojrseth and alsons prepared for the .market, 

'sinewy, bony leg; the. hoof circular, and wide afr tbe where theyare eagerly purchased by coachdiastera and 

.‘ traveller ‘ • •'. " • 

Clydesdale 
of horse. 


kept in view iu the breeding of cattle, whether for la¬ 
bour, the butcher-market, or the'dairy,,, According to 
the order thus suggested, therefore we jihall arrange 
our observations on the subjects,which un usually com¬ 
prehended under, the title placed , at the. head of this 
Chapter. . - ' - ' \ 

On many accounts, tin;Horse deserves to stand.pt the 
head of domestic animals. Viewed qp the assistant of 
Man iu the labours of the field, he fs chiefly valued for 
his strength, activity, and hardiness. Mr. Culling; whose. 
Work On Lite Stock is greatly esteemed, describes tpe 
Horse beat fitted for Agricultural purposes in the follow-, 
ing terms. “ His heatl should be smalt as the projior- 


beel; his chest deep and 


his thighs strong atid muscular; his legs clean and fine-' If e is 1«^ than tilie I neck is 

boned; hts leg bones not round, but what is called lathy someWhaT lojiger - the clWour is black^ browft, pr grey, 
Otnnk. ' and'a^intevi^iha-tW. face 1« estremed a mark of 

^I^MtsM . . If we trace the lineage of this noble animali we shall -bettnjyi" ThknreastvIp broad; the shoulder thick; the' 
HfcWsn* . probably fold the true'type of his ancestors stilt existing :'hq«f^ddi*d, wtilaiJy df ft Wock colour, end the heels 

X'oaie** 2 .. it,. ur.u_i e—» l-.j mi _ikv.i*...!s : *■}. , a a A .4 1 * "’v . ■ * . ' .v. ... r 


>V (1 ihimww y «os*s eifu i«uovt**ui * is ih 

reed ure'^gt^ral. vciy t^w}fo i ^l' < WOrkf : iBBjji remarkably steady in 
. handsomely shaped, Itave tfjijall hqjs, large manes, little,^tftodfiughWyr r : ■' ■>','» 

neat , heads, and are extremely active and hardy. The!' bidingntfi^. rearing we 

Welsh horse Warns oear reseihblatioe;,to. the larger do-'. eaft&ftkhte^Wth-aWfi^ipetitt^aaUifyfog^h* profes- 
scriptioix of ; the Ifighlaml breed, add is still, rime re- 7 k'fns curmsky of suchl 

markable for the ppwer of endtlriftg fatigue. The mor ! 7ns7ttn^bhomfoeUi^j^m^w^>olely for amuseineit£ : 
tlerh system of Agriculture, ho wever,which. has intro- ‘ : ^^lvwlf^jsrit<erehce.Io 
duced almost ovetywhere the two*ho»ed plough, has |*i#e rv, Marshall, Cttlley, Parkinson, Cfark, 
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Agriculture. Coventry, anil to a volume lately published in the Far- 
mer’s Series of the Library of Useful Knowledge, where 
the most accurate information is given relative to every 
thing which respects the history and treatment of the 
Comparison Horse. Confining ourselves to the use of that auimal 
li'iir ■» ml * or Agricultural labour, we may advert to the question 
uxui* '* which has been sometimes started among practical men, 
Whether oxen might not be beneficially substituted for 
horses in all the ordinary processes of Husbandry. In 
point of economy, then, it has been maintained that the 
. ox is decidedly preferable to the horse, for lies ides that 

he can be more cheaply fed, he may, after serving a fe w 
. . years as a labourer, be remitted to the stall and fed for 

the butcher. It is admitted, at the same time, that 
wherever a powerful and steady pull is required, the ox 
perforins the work better tliais his rival, being more 
patient and equal in his movements, and proceeding 
generally at a slower step. On this account a plough 
drawn by oxen would be selected in preference to any 
other by the farmer who has tough swards to tear up, 
or very rough ground to cultivate; and for the same 
reason these animals are yoked in the threshing-machine, 
whenever it is of any consequence to have a sure and 
regulated molftn communicated to it. Hut, on the 
other hand, the. ox is nearly useless for all other kinds 
of farm labour. He is not suited to the cart or waggon 
even on our fields, and tar less on our public roads. 
Besides, he cannot be stirred to any unwonted exertion, 
however urgent may be the wants of his master ; for if 
lie is pushed beyond his natural step, all his energies 
forsake him, and he either stands still or throws himself 
on the ground, fti rude Ages, when only the coarser 
prodn<lions of the* soil are in demand, the cultivator 
lists the animal which cost him least in rearing and feed¬ 
ing ; but whenever the progress of civilization extends 
the variety of commodities rccpiired by the consumer, 
and gives a value to luxuries in proportion to the early 
season at which they can be obtained, he dismisses the 
slow-paced ox, and adopts in his stead the more ener¬ 
getic horse. This is the natural order of things as soon 
us green crops constitute an article in the regular 
course of farming. On the Continent, where oxen 
continued tp be used a considerable time after they 
were generally superseded in Britain, the horse is now 
utmost universally preferred. The French Agricultural 
Writers agree jvitli those of Britain, in perceiving the 
many advantages which attend the employment of the 
latter. A more enlightened experience every day tends 
to confirm the choice ; and iu the course of a few years 
the labour of the ox will be altogether iftiknowu, except 
ill particular situations where the greater vivacity and 
swiftness of the horse might prove hazardous. We 
conclude this section by remarking that the care bestowed 
upon the keeping of the horse is always well repaid. 
The manure replaces the expense of litter; and his eon- 
staiit aptitude for work is an ample equivalent for the 
carrots, potatoes, and grain, which constitute his best 
food. 

a 

Of Cattle. 

There are now numerous varieties or breeds of cattle 
in Great Britain, but perhaps all of them may be traced 
more or less directly to that singular one which is still 
preserved as a curiosity in the parks of several Noble- 
men, more especially Lord Tankcrville and the Duke of 
"ild cattle. jj illn iiton. It is usually distinguished as the wild, or 
VOL. VI. 


original breed, and has been described by Mr. Pulley in Agriculture 

the Work already mentioned. Their colour, says he, is ■ _ 

invariably of a creamy white ; muzzle black ; the whole 

of the inside of the ear, and alwiut one-thinl of the oni - 

side from the tips downward red ; horns white with 

black tips, very [fine, and bent upwards; some of the. 

bulls have a thin, upright mane, about an inch and a half 

or two inches long. The weight of the oxen is from thirty- 

five to forty-five stone, and of the cows from twenty- 

five to thirty-five stone, the four quarters, fourteen pounds 

to the stone. At the first appearance of any person 

they set off in full gallop, and at the ;distanec of about 

two hundred yards make awheel round and come boldly 

up again, tossing their beads in a menacing manner. 

On a sudden they make a full stop at the distance of 
forty or filly yards, looking wildly at the object of their , 

surprise; but upon the least motion Ixing made they all 
turn round and fly o(T with equal speed, but not to 
the same distance, forming a shorter circle, and again 
returning with a bolder and more threatening aspect 
than before. This time they approach much nearer, 
probably within thirty yards, when they again make 
another stand, and again fly olf. They repeat this 
movement several times, shortening their distance, and 
advancing nearer ami nearer till they conic within such 
a short distance that most persons think it prudent to 
leave them, not choosing to provoke them further. 

Tile mode of killing them was perhaps the only of 
modern remains of the grandeur of ancient hunting, kii'.m:; 

On notice being given that a wild bull would be killed 
cm a certain day, I lie inhabitants of the neighbouihood 
came mounted and armed with guns sometimes to the 
number of one hundred horse and tour or five hundred 
foot, who stood upon walls or got into trees, while the 
horseman rode off the bull from the rest of the herd, 
until he stood at bay, when a muitc-man dismounted and 
fired. At some of these huntings thirty or forty muskets 
have been discharged before he was subdued. On such 
occasions the bleeding victims grew despotately furious 
from the smarting of his wounds and the shouts of 
savage joy that were echoing from every side. But from 
the number of accidents that happened, this dangerous 
mode has been little practised of late years ; the park- 
keeper alone generally killing them with a rifled gun at 
one shot. 

■When the cows calve they hide their young for a week K.thiU of 
or ten days in some sequestered situations, whither s after 
they go to suckle them two or three times a day. If'"" 
the calves are approached by any person, they clap 
their heads dose to the ground, and lie like a hare in 
form to conceal themselves. This is a decided proof of 
their native wildness ; and if they are actually disturbed, 
they attack the assailant with the utmost fury, pawing 
and bellowing like an incensed bull. It is remarkable, 
too, that when any one of the herd happens to be 
wounded, or has grown weak and feeble through age or 
sickness, the rest set upon it and gore it to death. 

The Devonshire. breed is sail! to be directly descended 
from this race, of which the best specimen is seen at C'liil- 1111 
lingham Park in Northumberland. The resemblance in 
in some points is very striking ; but the animals arc of a 
light red colour and rather small in size. The Hercfmd 
and Sussex cattle arc nearly of the same colour, and in 11,1 
other respects possess similar properties, but are di\ idedlv 
better milkers. The Dutch, or short-horned description, Dutch, 
which are much esteemed in the Eastern Comities yield 
a large quantity of rich milk and butter, faicci readily. 
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Agriculture, though they are on the whole of a delicate constitution. 

The Lancashire breed is distinguished by long horns, 
Lancashire, thick hides, long close hair, coarse necks, and large 
hoofs; they are of various colours, but generally have 
a white streak along the back, and though they arc not 
remarkably productive, they enjoy a hardy constitution. 
Ditchley. The celebrated DitdUey breed is an improved variety of 
the Lancashire, being smaller and cleaner boned; they 
fatten well, but are not very highly valued by the dairy¬ 
man as milkers. 

Besides the varieties now mentioned, there is the 
polled or hornless kind, the most esteemed of which are 
Galloway, found in Galloway , a district in the South-West of Scot¬ 
land. The true Galloway bullock is straight and broad 
on the back, nnd nearly level from the bead to the 
rump; broad at the loins, not however with hooked 
bones or projecting knobs ; so that when viewed from 
above the whole body appears beautifully rounded like 
the longitudinal section of a roller. He is long in the quar¬ 
ters, deep in the chest, short in the leg, and moderately 
fine in the bone. The prevailing colour is black or dark- 
brindled. Like the Devonshire ox, he is rather under¬ 
sized ; though when well fed he has been known to 
weigh about a hundred stone. 

< tors of the Dr. Coventry alleges that it is not more than seventy 
Galloway, or eighty years since the Galloways were all horned, 
and very much the same in external appearance nnd 
character with the breed of black cattle which prevailed 
over the West of Scotland at that period, and which 
still abound in perfection, the large-sized ones in Argyle- 
shire, and the smaller in the Isle of Skye. The Gal¬ 
loway cattle at the time alluded to were coupled with 
some hornless bulls, of a sort which do not now seem 
to be accurately known, but which were then brought 
from'Cumberland ; the effects of which crossing were 
thought to be the general loss of horns in the former, 
and the enlargement of their size ; the continuance of 
a hornless sort being kept up by selecting only such for 
breeding, or perhaps by other means, or by the practice 
of eradicating with the knife the horns in their very 
young state-. 

Suffolk The Suffolk duns are, according to Mr. Culley, nothing 
duns. more than a variety of the breed now described, and 

Ayrshire, differing only in colour. The Ayrshire cow is a valuable 

animal, as the milk it affords, -although not very abun¬ 
dant, is uncommonly rich, and is given with very little 
interruption throughout the whole year. The Highland 
Kylocs. Kylocs, as they are sometimes denominated, are iu great 
request iu the Southern Counties, on account of the 
delicate nature of their flesh. This is supposed to be a 
Norlands, different breed from the Norlands, or such as are reared 
in the remote districts of Ross. Sutherland, and Caith- 
Orkncy and ,,css - The Islands of Orkney and Shetland produce a 
Shetland, very diminutive species of cattle,some of them not weigh¬ 
ing more than two hundred pounds ; but they feed well, 
and when brought to good condition in the meadows of 
the South, they bring in the market a remunerating 
Welsh. price. Of ff^dsh cattle there scents to be two dihtinct 
kinds. The large sort are of a brown coIout, with some 
white on the rump and shoulders, denoting a cross from 
the long korns, though in shape bearing no resemblance 
to them. They are long iu the legs, stand high in pro¬ 
portion to their weight, are thin in the thigh, and rather 
narrow in the chine ; their horns are white and turned 
upwards; they are light in flesh, and, next to the 
Devons, well-formed for the yoke, have very good 
hoofs, and walk lightly and nimbly. The other sort are 


much more valuable; eolonr black, with very little Agriculture. 
White; of a good useful form, short in the leg, with 
round, deep bodies; the hide is rather thin, with short 
hair; they have a lively look and a good eye; and the 
bones, though not very small, are neither large nor 
clumsy; and the cows are considered good milkers. 

From a reference to the statements just made, it ap- Choice for 
pears manifest that the improvement of the lower anr* breeding. 
maW in form and value depends very much on the care 
of the breeder. In rearing live stock of all descriptions, 
it ought to bean invariable rule to select for parents such 
os are small-boned, straight-backed, smooth-skinned, 
and rouud-bodied, with clean necks, small heads, and 
little or no dewlap. Those, too, which are of a quiet 
and docile manner ought to be preferred, as they gene¬ 
rally require less food,and arc more easily fattened. Nor 
should the stock-farmer overlook the valuable quality of 
becoming early mature; a point in which the different 
breeds of cattle vary to a considerable extent. In the 
management of cows which are kept for breeding it 
is to be observed, that about a month or six weeks pre¬ 
viously to the time Of calving, they ought to be abun¬ 
dantly supplied with the richest kind of food ; for it is 
found that by this treatment, a larger Quantity of milk 
is obtained than when they arc fully fed for a longer 
period. 

Mr. Marshall informs us that the method pursued for Bearing, 
rearing calves in the Midland Counties is this : they are 
allowed to suck for a week or a fortnight according to I heir 
strength ; they then have new milk in the pail for a few 
meals; next new milk und skim-milk mixed, a few meals 
more; then skim-milk alone, or porridge made with milk, 
wuter, nnd ground oats, and sometimes oil-cake until 
cheese-making commences; after which, whey-porridge, 
or sweet whey iu the field; being careful to house them 
in the night until warm weather be confirmed. The 
treatment of young cattle from the time they are sepa¬ 
rated from their dams, or are able to subsist on the 
common food of the other stock, must depend upon 
the circumstances of the furm on which they are reared. 

In Summer their pasture is often coarse but abundant; 
and in Winter all good breeders give them an allow¬ 
ance of succulent matter together with straw or hay. 

Speaking of the short-horned variety, Mr. Culley re¬ 
marks, that the first Winter they have hay and turnips; 
the following Summercoarse pasture ; t^c second Winter 
straw in the fuld-vard, and a few turnips once a day in 
an adjoining field, just sufficient to prevent the straw 
Atom binding them too much; the next Summer tolera¬ 
bly good pasture ; and the third Winter ns many turnips 
as they can eat, and in every respect treated as fatting 
cattle. 

The farmer who feeds for the butcher-market has For the 
three separate' methods to pursue; all of which will butchen 
answer his purpose in certain circumstances, and his 
choice must be determined by the nature of his land, 
as well as t>y the main object which he had -in view when 
he rented it. Live stock may be fattened on pasturc 
ground, by soiling in proper yards or sheds, where they 
are supplietf with abundance of green food; or lastly in 
the stall, where they arc furnished with turnips, cab¬ 
bages, and other sncculent vegetables, combined with 
various descriptions of dry meat. The practice of pas¬ 
turing cattle is the most natural end the most simple; 
and the owner can hardly go wrong, if he provide the 
animals with pure water and a sufficient shelter during 
the heats of Summer. Soiling is regarded hy moat 
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AgricaHore. feeders as preferable to the other,' even taken by itself, 
and more especially if connected with the general pur¬ 
poses of husbandry, the improvement of the fields, and 
the increase of corn produce. By this mode, too, the 
beasts arc better protected both from insects and the 
weather; the food is consumed with less waste; and 
when the yards are suitably furnished with lifer, a large 
supply of excellent inannre is obtained, in this case, 
* as in tdl others, due attention must be paid to the supply 
and quality of the water, us nothing contributes more to 
the health of young stock. The approach of Winter 
usually suggests the expediency of stall-feeding, as 
both warmth and cleanliness are essential to the accom¬ 
plishment of this object. Besides, the cattle are kept more 
quiet and free from interruption, und are found in such 
circumstances to take in tlesh myre quickly. The “food 
employed ibr this purpose consists of turnips, potatoes, 
carrots, cabbages, oil-cake, oats, barley-meal, beans, with 
different kinds of straw,cut small by means of machinery. 
The moist and dry food should be given in such pro¬ 
portions as to prevent any injurious effect ou the diges¬ 
tive organs. 

DciiU-rala. It has been remarked, that notwithstanding the high 
perfection to wAich certain breeds of cattle have been 
brought in Britain, and the great attention paid to 
every part of their management, several interesting 
points, which should be taken into calculation, remain 
still to be determined. Our knowledge, for example, 
is very incomplete in regard to the precise degree of 
nutriment atlbrded by different kinds of herbage und 
roots; the quantity of food consumed by the different 
breeds in proportion to the lime of fattening and increase 
of weight; and the advantage of selecting the large or 
smaller varieties in any given circumstances of climate 
and produce. There is, no doubt, in every district a 
certain practical feeling which directs the stock-farmer 
in the choice of his cattle, and in the adaptation of 
means to the end, which he has in view ; but, it is true, 
at the same time, that no successful attempt has been 
marie to reduce such maxims to general principles, or to 
render the experience of one available to all. 

Of Sheep. 

Next to cattle. Sheep in many parts of the Country 
are esteemed a valuable stock, the whole income of the 
farmer being derived from their milk, wool, and flesh. 

Different The numerous breeds of this animal are usuully arranged 

breeds. into two classes : those which yield the short wool, and 
those which yield the long, or, as it is frequently de¬ 
scribed, the combing wool. To these, some writers 
have added the mountain breed; but so far as the wool 
is regarded as a characteristic, there is no room for this 
. distinction. The first of these classes, however, in¬ 
cluding the one just stated, comprehends the varieties 
which are reared in the hilly districts of Wales, the 
North of England, and the Highlands of Scotland; the 
second embraces those which appear in Hereford, Dor¬ 
set, Sussex, Norfolk, and some other places; and the 
last, or long-woolled, include the varieties which occupy 
the richer and more fertile vales of the Kingdom, and 
are known as natives of Leicestershire, Lincolnshire, 
and the banks of the Tecs. 

Mountain. Tlie mountain sheep are distinguished by having 
block faces and legs, as well as large spiral horns. They 
are a very hardy race, and afford a delicate, well-flavoured 
mutton, though their woo) is coarse and shaggy. The 


Cheviot breed, which likewise belongs u> this ,l ass , has Agriculture 

no horns; the face and legs arc commonly while, and - _ . 

the eyes have a lively expression. The wool in q,,., Cheviot, 
case is better than either the Welsh or Highland 
and the animal is remarked as a good feeder, though 
the meat is not so highly valued in the market. 

The second class, or Hertfordshire , are comparatively 
small, have no horns, white legs and laces, and exhibit 
a fine short wool. They are also known by the name 
of Ryelands. It lias been observed of this description RycUiMs 
of stock, that they cart subsist on less food than any 
other, and are remarkable for abstinence, and even lor the 
endurance of hunger. The South Downs are also dis- South 
tinguished for the shortness and fineness of their wool, 
as well as by having grey faces ami legs, small long 
necks, and affording a fine-grained, delicious mutton. , 

This breed prevails in the dry, chalky grounds of Sussex. 

The Norfolk breed have a great resemblance to the Nuifeik. 
Welsh or Scotch ; having a black face, large spiral 
horns, short wool, and affording- well-flavoured meat 

The long-woolled sheep arc familiarly known bv the 
names of Lincolnshire , or Old Leicester, and are distill- Old Lei 
guished by the want of horns, by their white faces, long, CC5tcr 
thin, and weak bodies, large bones, coarse mutton, and 
by having wool from ten to eighteen inches in length. 

This breed thrives only in the richest pastures, and is 
chiefly valuable ou account of its wool. But it is from 
them that the New Leicester, or Ditehley breed is de- New Lei- 
scended ; a name derived from the place at which it was 
so much improved by the care and skill of the cele- Buckley, 
brated Mr. Bakewel). These animals attract attention 
by their.lively eyes, fine heads, straight backs, barrel- 
shaped bodies, small bones, and u disposition to fatten 
at nn early age. The weight of the quarter in ewes of 
three or four years old, is from eighteen to twenty-six 
pounds; in two years old wethers, from twenty to 
thirty pounds ; and the length of wool varies from six 
to fourteen inches. 

The main excellence of this breed consists in their 
fattening more speedily, and on a smaller quantity of 
food, than any other; in their having a larger proportion 
of meat on an equal weight of bone; in the superiority 
of the meat itself both as to texture and flavour; in 
their valuable wool; in being ready for the market early 
in Spring; and in bringing, of consequence, a larger 
profit to the farmer. The Tecswalrr variety have longer Tceswater 
legs, finer bones, and a thicker and firmer carcass than 
the Lincolnshire ; the mutton is better and finer grained, 
mid the wool is shorter and less heavy. This is the 
largest breed in the Island, and is the most common in 
the rich meadows bordering on the river whence it de¬ 
rives its name. But, unfortunately, it seems to be calcu¬ 
lated only for warm, well-sheltered pastures,-and cannot 
therefore be transferred to the Cheviot range, or the still 
more exposed mountains of the Highlands, where its 
value would be duly appreciated. Besides, it requires 
to be led abundantly in severe Winters » an attention 
which could not be conferred upon it in a billy country, 
or in the extensive sheep-walks of Wales or Argvle. . 

There is also a variety, which bears among breed- 
era tlie designation of the Romney-marsh, and which 
possesses many good properties. It has no horns; the 
face and legs are white ; the body rather long, hut 
well-shaped, und the bones somewhat large. The 
wool, however, is excellent, having a considerable length, 
and a beautiful colour. Like the Tceswater breed, 
it requires rich pasture, and a greater degree ol care 
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Agrie.iUt.rt. than can be bestowed by the .stock-farmer on upland 
*" / grounds. 

Hardwick. The Hardwick sheep arc peculiar to that rocky dis¬ 
trict whence flow the Duildon and the Esk, in the 
County of Cumberland. They are without horns, have 
speckled faces and legs, short wool, which, though not 
by any means fine, is greatly superior to that produced 
by the heath or mountain sheep, properly so called. 

Dim-faced. The Dun-faced breed seems to have been imported 
into Scotland from Norway or Denmark at a very early 
period, and is still found in most of the Counties beyond 
the river Forth, though not in large numbers. Ot this 
ancient race there are now several varieties produced, 
as usual, by peculiarities of situation and different modes 

Shetland, of management. In Shetland, it would appear, there 
are two varieties of the sheep, one of which is considered 
aboriginal, and bears very fine wool ; but the" number 
of these is much diminished, and in some places they 
have been entirely supplanted by foreigners. The 
other variety carries coarse wool above, and fine, soft 
wool below. They are said, moreover, to have three 
dilfereut successions of wool yearly, two of which have a 
greater resemblance to long hair, and are termed by the 
common people firs aud scutIda. When the wool begins 
to loosen in the roots, which generally happens about 
the month of February, the hairs or scudda spring up; 
and when the wool is carefully plucked otf, the tough 
hairs continue fast until the new wool grows up about a 
quarter of an inch in length, when they gradually wear 
otf; and when the new fleece has acquired about two 
months’ growth, the rough hairs, termed fors, spring up 
and keep root until the proper season for pulling them 
arrives, when they are plucked otf together with the wool, 
and separated from it at dressing the fleece by an operation 
culled foreing. The scudda remains upon the skin of 
the animal, as if it vvi*.e a thick coat; a fence against 
the inclemency of the seasons which provident Nature 
has furnished for supplying the want of the fleece in a 
high ami stormy latitude. The wool is of various co¬ 
lours ; the silver grey is thought to be the finest; but 
the black, the white, and the brown arc very little inferior ; 
though the pure white is certainly the most valuable for 
all the finer purposes in which combing wool can be 
used. 

Meriao. Our catalogue would be incomplete did we not men¬ 
tion the Merino, which, though not a native of Bri¬ 
tain, has already acquired considerable importance. 
This sheep was brought into England in 1788, but 
did not excite much interest till the year 1804, when 
George 111. began his sales. The patriotic object con¬ 
templated by His Majesty, of spreading them widely 
over the Country and subjecting them to the experiments 
of the most eminent professional breeders, has been in 
a great measure accomplished by the institution of the 
Merino Society, which includes among its Members 
some of the greatest landholders in the Kingdom. For 
some years past, however, this breed, notwithstanding all 
the care bestowed upon it, is acknowledged to have been 
on the decline; and we may add, that it has succeeded 
best in those cases where it was judiciously crossed with a 
native variety, without any attempt to preserve it pure. 

Merino Every one knows that the Merino is chiefly valued 

flew**. f or it s uncommonly fine fleece, which upon the average 
weighs from three to five pounds. In colour it is unlike 
that of any English breed. There is in the surface of 
the best Spanish fleeces, a dark-brown tinge approaching 
to black, which is occasioned by dust adhering to the 


greasy properties of its pile; and the contrast between Agriculture, 
this tinge aud the rich white colour below, as well us 
that rosy hue of the skin which denotes high proof, ex¬ 
cites, at first sight, no little surprise. The harder the 
fleece is, or, in other words, the greater resistance it 
makes to the pressure of the hand, the finer is the wool 
esteemed; here and there, indeed, a fine pile may be 
found in an open fleece, though this occurs but rarely. 

Nothing, however, tends to render it more unsightly to 
the English eye than the large tuft of wool which covers 
the head : it is of very inferior quality, and is ranked 
with what is produced on the hiial legs; on which ac¬ 
count it does not sort with any of the three classes ; viz. 
the rafinos, or prime ; Jinos, or second host; and tho 
terccros, or third, and of course is never exported from 
Spuid. . 

Among the Merinos, the male has horns, the female Carcaues. 
none, or very rarely; the faces and legs are white, 
and the bones fine, 'flic average weight per quarter 
of a tolerably fat rain is about seventeen pounds, and 
that of a ewe about eleven pounds. The shape, if we 
take the ideas of English breeders for a standard, is far 
from perfect. The pendulous skin beneath the throat, 
which is usually accompanied with a sinking or hollow¬ 
ness in the neck, is accounted a deformity here, though 
in Spain it is much esteemed, as denoting both fine 
wool and a heavy fleece. Yet the Spanish sheep, gene¬ 
rally speaking, are level on the back and behind the 
shoulders ; and Lord Somerville lias proved that there 
is no reason whatever for connecting the peculiarity of 
form just mentioned with the amount or quality of wool. 

We cannot enter upon the extensive subject of breed¬ 
ing, considered in a professional point of view; holding Wi.rL mi 
it enough to refer such readers as are desirous of full bieeduig. 
and accurate informatioioto thg Treatise* of Dr. Furry, 

Sebright, t.'ulley, Sir John Sinclair, Mr. Johnston, the 
General Report of Scotland, the Work of Mr. IJakcwell; 

Marshall's Rural Economy; the Farmer's Calendar; 
Communications to the Board of Agriculture; the Middle¬ 
sex Report ; and to a variety of able Essays in the Quar¬ 
terly Journal of Agriculture. We shall, notwithstanding, Kvperi- 
quote from the last of these publications a notice relative "»-nts on 
to a “ method of obtaining u greater numbel of one sex tlu ‘ different 
at the option of the proprietor, in the breeding of live 
stock.” The Essay, at length, is to be found in the 
Annales de VAgriculture. Franpaise, and is worthy of 
attention, as containing the details of sfime interesting 
experiments made with the view just stated. M. Giroii 
proposed, at a meeting of the Agricultural Society of Se- 
verac, on the 3d of July, 18:26, to divide a flock of sheep 
into two equal parts, so that a greater number of males 
or females, at the choice of the proprietor, should be pro¬ 
duced from each of them. Two of the Members of the 
Society offered their flocks to become the subject of his 
experiments, and the results communicated were, to 
some extent, in accortbince with the author’s expectations. 

The first experiment was conducted in the following 
maimer. lie recommended very young rams to be put 
to the flock of ewes from which the proprietor wished 
the greater lflimber of females in their offspring; and 
also that during the season when the rams were with 
the ewes they should have more abundant pasture than 
the other; while to the flock from which the owner 
wished to obtain male lambs chiefly, he recommended to 
put strong and vigorous rams, four or five years old. 

The following Tabular view contains the result of this 
experiment. 
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Flock for Female Lambs. 

Clock for Male Lambs. 

Age of the Mothers.. 

Sex of tho Lambs. 

Age of the Mothers. 

Sex of the Lain!,*. 

Two years. 

Three years. 

Four years......... 

Total.. 
Fi*re years and older 

Total.. 

Males. Females. 
14 26 

16 29 

5 21 

35 76 

18 H 

53 84 

Two years. 

Three years. 

Four years. 

Total.. 
Five years and older 

Total.. 

Males. Females 

7 3 

15 14 

33 14 

55 31 

25 24 

80 55 

N. B. There were three twin births in this 
flock. Two rams served it, the one fifteen 
months, tlw other nearly two years old. 

N. B. There were no twin births in this 
flock. Two strong rams, one four, the ether 
five years old, served it. 

1 


The second experiment is thus related by the author. 
"During the Summer of 1826, M. Cournejouls kept 
upon u very dry pasture, belonging to the village of 
Be/., a flock of* 100 ewes, of which 84 belonged to him¬ 
self, and 22 to his shepherds. Towards the end of Oc¬ 
tober, he divided his flock into two sections of 42 heads 
each, the one composed of the. strongest ewes, from four 
to five years old ; the other of the weakest beasts, under 
four or five years old. The first was destined to produce, 
a greater number of females than the second. Allcr it 
was marked with pitch in my presence, it was taken to 
much better pasture behind Panou^e, where it was deli¬ 
vered to four male lambs, about six months old, and of 
good promise. The second remained upon the pasture 
of Be*, and was served by two strong rams, more than 
three years old. The ewes belonging to the shepherds, 
which 1 shall consider as forming a third section, and 
which are. in general, stronger and better fed than 
those of the master, were, mixed with those of the second 
flock. The result was that the 

Males. Females. 


First section gave. 15 26 

The second.26 14 

The third.10 12 

In the first section there were two twin 

births. 0 4 

In the secoiftl and third there were also 

two. 3 1 


Apparent Besides these very decisive experiments, M. Giron 
geuerallaw, relates some others made with horses and cattle, in 
which also his success in producing a greater number of 
the one sex than of the other appears. The general law, 
so far as we ore able to detect it, seems to be, that when 
* animals are in good condition, plentifully supplied with 

food, and kept from breeding as fast as they might do, they 
arc most likely to produce females. Or, in other words, 
when a race of animals is in circuinstnnees favourable to 
Its increase, Nature produces the greatest number of that 
sex which, in animals that do not pair, is most efficient 
for increasing their numbers. But if thety are in a bad 
climate, or on stinted pasture, or if they have already 
given birth to a numerous offspring, then Nature pro¬ 
duces more males than femates. Yet perhaps it may 
be premature to deduce any general law from' experi¬ 
ments which have not yet been suffictenly extended. 

Among the live stock produced on farms we must not 
Swine. om jt Swine, of which there are numerous varieties reared 


in Great Britain. The lierkshire breed is of a reddish Berkshire, 
colour, with short legs, large ears, and a thick, compact, 
well-formed liodv; is readily disposed to fatten, and 
grows to a large sir.e ; but the supply of food must be 
constant and abundant. The Chinese or black breed is Chinese, 
of small size, short legs, and of a good make; is con¬ 
sidered one of the most profitable in tlie. country ; tile 
flesh is delicate, and it fattens freely even on indifferent 
food. The Gloucestershire variety is white, and of a (iloueester- 
large size, the form not symmetrical, and in other re- shire, 
spects not highly esteemed among feeders. The Hump- Hampshire. 
shire breed is also white, attains a large bulk, and fattens 
readily. The Northamptonshire is remarkable for the Xorth.rnip- 
enormotis length of its ears, is of great size, but does toushire. 
not fatten easily. The Uudsnoirk breed takes its Rudgewick- 
name from a village situated on the confines of 
Surrey and Sussex ; it is a valuable variety because, it 
not only grows well, but also fattens at small expense. 

The Woburn breed was introduced by the late Duke of Woburn. 
Bedford; it is usually spotted, though the colour is 
various; the size is large, and it fattens so well that it 
attains nearly twice the weight of other hogs in the same 
space of time. The Highland or Irish variety is de- Highland 
scribed as an inferior, animal being small and ill-shaped, or Irish, 
and, at the same time, difficult to fatten, or otherwise to 
improve in its marketable value. 

It is worthy of notice that Mr. Colley mentions only 
three breeds of Swine, the Berkshire, the Chinese, and 
the Highland or Irish ; while other writers have fouml 
a distinct breed in almost every County of England. In 
addition to those already described, there is the Sussex Sussex, 
pig, which is distinguished by being black and white, 
but not spotted ; it grows to the weight of eighteen or 
twenty stone. To these we may add the Cheshire, the Cheshire. 
Suffolk, and the Shropshire. In Scotland little pro- Suffolk, 
gress has hitherto been made, in the improvement of 
this stock, if we except the Counties of Dumfries and 
Galloway. The prevailing breed is of a white colour: they 
have light carcasses with bristles standing up from nose 
to toil, long legs, and are very slow feeders at any age. 

In the Hebrides , the breed, supposed by Dr. \\ alker to iLl.r«lean. 

be the aboriginal, is of the smallest size, neither while 

nor yellow, but of a uniformly grey colour, and shaggy, 

with long hair and bristles. They graze on the hills 

like sheep; their sole food is herbage and roots, on 

which they live the whole year round, without shelter, 

and without rcceiv ing any other sustenance. In Autumn, 
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Agriculture . w h en they are in the best order, their meat is excellent, 
”" ■* end obtained without any artificial feeding; but when 
driven to the low country they fatten readily, and grow 
to a considerable size. 

Notwithstanding the extent to which Swine are reared, 
it still remains a disputed point among Agriculturists 
whether the breeding and fattening of that species of 
stock, beyond the mfcre oflal of the farm, has ever been 
rendered a remunerating branch of rural economy. On 
every establishment there is a great deal of stuff, roots, 
lierliage, and waste corn, which would otherwise be lost; 
and hence it is manifest that, so far as the use of these 
articles is concerned, the pig must be a profitable 
animal. But it is, nevertheless, very doubtful whether, 
on fertile lauds, any portiou of the crop could be so ap¬ 
plied ns to place the breeding of Swine on the same 
footing, as to revenue and other advantages, as that of 
cattle and sheep. It has been calculated that, with pro¬ 
per management, on a farm of three hundred acres, of 
which two hundred are kept in tillage, an annual profit 
to the amount of ,£100 might be secured by rearing 
pigs; though it is admitted by the same author that, as 
soon as this stock exceeds the quantity of superfluous 
produce oil which it is usually maintained, it eeases to 
be iu any respect beneficial. The reader will find many 
useful observations on this branch of the subject in 
Colley's Work already mentioned; the Complete Grazier; 
Henderson on Swine ; the Farmer's Magazine; and the 
General Report of Scotland. 

On the Dairy. 

We remarked at the commencement of this division 
that live-stock arc raised not only for their flesh and 
labour, but also for their milk. In some parts of the 
country, a large proportion of land is devoted to this 
object, and the rents *of the farmer, a* well as the 
affluence of the proprietor, are derived from the manu¬ 
facture of milk in its various forms of butter and cheese. 
Home, It is recommended by practical persons that the building 
meant for the several processes of the dairy should be 
erected in a cool situation, and protected from the direct 
approach of the solar rays, and even of a current of air 
varying much in temperature. The utmost cleanliness, 
too, is altogether indispensable. The house should be 
paved with stone or brick, having a gentle inclination 
so as to be readily dried, and the floor should lie washed 
every day during Summer. To preserve the air; cool, 
or at least of an equal temperature, it has been thought 
advisable to admit a small stream of water into the 
apartments, or even to be poured like a cascade from 
audutea- the ceiling. The utensils, which are commonly of wood, 
sib. ought to be cleansed with the greatest care; or if 
metallic, or glazed earthen vessels be substituted, they 
should he daily plunged into hot water, scoured with 
salt, aud well dried before they are filled with milk. 
Cast-iron dishes, enamelled or fluted with tin, have been 
lately introduced into some dairies, and are found to 
answer well, both on account of their cleanliness and 
durability. 

C»re in It is known to every dne that the quality of milk is 
Bulking, much affected by the nature of the food on which the 
animal is fed ; but it is not so generally understood that 
the quantity depends a good deal on the mode of milk¬ 
ing. If any difficulty occur in conducting this operation 
the cow should never be treated harshly, as it more fre¬ 
quently proceeds from pain than from obstinacy of 
temper. The hardness of the adder will in general 


denote whether there lie any obstruction ; iifwhich case Agriculture, 
fomentations, together with gentle friction, ought to be ''“"v"* 11 ' 
used, until the flow of milk be restored. In Summer, 
cows ought to be milked at three equal intervals in the 
course of twenty-four hours ; by which means the quan-. 
tity is increased without deteriorating its essential pro¬ 
perties of richness and flavour. The depth oftho vessels 
into which the milk is poured, should not exceed three 
inches; and should any peculiarity of taste be occasioned 
by the nature of the foot!, it may be removed by boiling 
two ounces of nitre in a quart of water, ami plunging 
about a teacup-full of the mixture iifto a pail of the warm 
milk. Those who are particular in the manufacture of 
butter and cheese, keep the milk of every cow separately, 
so as |o discriminate their respective qualities, and avoid 
all improper combinations. With the same view care is 
taken that the cattle shall not be hastily driven from the 
field to the dairy, and that (he milk shall not be much 
agitated or shaken in the pails after it is drawn ; for in 
either case the liquid acquires a tendency to acidity 
which soon renders itself perceptible in the finer kinds 
of butter. 

Of late years the resources of mechanical invention Churning, 
have been applied to lighten the labourf and facilitate 
the object of churning. It has been found, however, 
that the chief secret in the management of this process, 
whatever be the form of the apparatus employed, is to 
continue the agitation 'with the same regular, uniform, 
uninterrupted motion from the beginnmar to the end ; 
because it is suspected that a too rapid or unequal motion 
communicates to the butter a bad flavour in Summer, 
while, in Winter, it endangers the success of the ope¬ 
ration altogether. A tablc-spoon-ful of distilled vine¬ 
gar, added to the cream after it has been a considerable 
time moved, lias occasionally proved beneficial in sepa¬ 
rating the butter, after other mentis had appeared to tail. 

A few years ago some interesting experiments were E*|.ni- 
rnade by Dr. Barclay, a well-known Physiologist, and mints on 
another professional gentleman at Edinburgh, with the 
view of ascertaining the temperature at which butter <urt ' 
can lie best procured from cream. The results were 
communicated to the Journal of Agriculture, from 
which we abridge the following particulars. In the 
first experiment fifteen gallons of cream were put 
into the churn at the temperature of 50° Fahren¬ 
heit ; the weight per gallon having been previously 
ascertained to be eight pounds four ounces. By agi¬ 
tating the cream in the usual manner for the space of 
two hours the temperature rose to 56°; at the end of 
the churning, being four hours from the commencement 
of the operation, the temperature was found to be 60°, 
or 10° higher than at the beginning. The quantity of 
butter obtained in this process was twenty-nine pounds 
and a half avoirdupois, or nearly two pounds of butter 
lor every gallon of cream put into the churn. The 
butter appeared to be of the very best quality, being 
firm, and rich and pleasant to the taste. A gallon of 
the churned milk being carefully weighed, gave eight 
pounds nine ounces, -being an increase in weight of 
eight ounces fw gallon above that of the cream used in 
this experiment. 

In the second experiment, fifteen gallons of cream 
were put into the chum at the temperature of 65°, the 
weight per gallon beiug eight pounds two ounces, JJv 
agitating the cream as formerly, for one hour and a halt; 
the temperature rose to 60®: at the end of the churning, 
being three hours and fifteen minutes from the begin- 
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Agriculture. ning of the operation, the temperature had increased to 
v 65 °, The quantity of butter was twenty-nine pounds 

four ounces, and not sensibly inferior to that obtained 
in the Ant process. 

A third experiment was performed, in which the same 
quantity of cream was put into the churn, at the tem¬ 
perature I of 58°, the weight per gallon being eight 
{pounds two ounces. At the end of one hour’s churn¬ 
ing the temperature had risen to 63°; and at the end 
of die process, which lasted three hours, the temperar 
_tpre was found to be 67°. The quantity of butter ot>- 
tained by this experiment was twenty-eight pounds, and 
in quality it seemed to be rather inferior to that produced 
in the two former, being rather soft and spongy. 

The fourth experiment was performed on the same 
quantity of cream, the temperature being GO 0 , rfnd the 
weight per gallon eight pounds one ounce. During the 
process of churning the temperature increased as for¬ 
merly; and at the end of three hours, when the opera¬ 
tion was finished, it was ascertained to have risen to 
• 68°. The quantity of butter was twenty-seven pounds, 
of a quality much the same as that produced in the third 
experiment, but decidedly inferior to that of the first 
and secoud. «A gallon of tile churned milk weighed 
eight pounds eight ounces. 

In the fifth experiment, fifteen gallons of cream were 
used as before, at the temperature of 66°, and the weight 
per gallon eight pounds. The churning occupied two 
hours and n half; at the end of which space the temper¬ 
ature was found to have risen to 75°, being an increase 
of 9°. The quantity of butter was twenty-five pounds 
eight ounces, of a quality sensibly inferior to that pro¬ 
duced iu any of the former experiments; being of a 
less promising appearance, a soft and spongy con¬ 
sistence, and not so pleasant to the taste. The weight of a 
gallon of the churned milk waaeight pounds seven ounces. 
Results. From liie.se experiments it appears that cream should 
not be kept at a high temperature in the process of 
churning. In the first experiment, where the tempera¬ 
ture was lowest, the quantity of butter obtained was in 
the greatest proportion to the quantity of cream used ; 
and as the temperature was raised, the proportional 
quantity of butter diminished; while in the last experi¬ 
ment, where the mean temperature of the cream had 
been raised to 70°, not only was the quantity of butler 
diminished, but in quality it was found to be very in¬ 
ferior, both wflth regard to taste and appearance. That 
the lowest possible temperature should be sought in 
churning, appears likewise from another result of the 
above experiments; namely, that the specific gravity of 
the churned milk was found to diminish as the tempera¬ 
ture of the cream had increased; thus showing that at 
the lower temperatures, the butler which is composed of 
the lighter parts of the cream, is more completely col¬ 
lected than at the higher temperatures, in 'which the 
churned milk is of greater specific gravity. In general, 
it was inferred, that the most proper temperature at 
which to commence the operation of churning is from 
50° to 59°; and that at no stage of the operation ought 
it to exceed 6b°: while, on }he contrary,* if at any time 
thecrenin should be under 50° in temperature, the labour 
will be much increased without any proportionate ad¬ 
vantage being obtained ; and a temperature of a higher 
rate than 65° will be injurious as wcll v to the quality 
as to the quantity of the butter. 

Biitii-r for flutter is usually preserved for future purposes by 
keeping, means of common salt. The following preparation is 


an excellent substitute, and imparts a richer and sweeter Agriculture, 
taste. Two parts of good sea salt, one part „f loaf * ■- T -w* 
sugar, and one of saltpetre, are pounded and mixed to¬ 
gether. One ounce of this mixture is incorporated nit;, 
every pound of butter, which is then closed tip in a proper 
vessel, and at the end of two or three weeks it is tit tor 
tho table. When thus prepared, it has been known to 
retain its sweetness several years. 

lu Holland the method of makiug butter is to allow D itch but- 
the milk, after it is drawn from the cow, to become com- tcr making, 
pletely cool before it is put into the pans or cream 
dishes; to prevent the cream from separating from the 
milk by stirring it two or three times a day with a 
wooden spoon, and when it is sufficiently thick to churn 
it for an hour. When the butter begins to form, a quan¬ 
tity of cold water is poured in for the purpose of sepa- a 

rating the butter from the milk: and when the former 
is taken out, it is washed and kneaded till the last water 
comas off pure. It is said that inilk managed in this 
way yields a larger proportion of butter than by the 
ordinary method practised in this Country ; and that it 
is, at the same time, of a beticr quality, sweeter, firmer, 
and well calculated for keeping. 

Cheese is also a very important article of Dairy ma- Cheese, 
nufucture; of the History and Antiquities of which 
we have spoken in our Miscellaneous Division. Much, 
no doubt, depends on the quality of the pasture, 
as well as on the season of the year at which the pro¬ 
cess is conducted; but it is proved by recent experi¬ 
ments that a grent deal is left to the skill of the farmer, 
and that the raw material is capable of being converted 
to much higher uses than the ignorant have heretofore 
imagined. The very first step, the coagulation of the 
milk, is attended with considerable consequences, as 
giving a decided taste and character to cheese. It is 
well known that the rennet w*iich is employed for this Rennet, 
purpose is prepared from the stomachs of young calves, 
and, unless great precautions are used, it is apt to be¬ 
come rancid, and thereby to communicate a disagreeable 
flavour. The method of preserving it, in the West of 
England, is, when the rennet-bag is cleaned, to make a 
strong solution of salt with two quarts of water ; to add 
to this solution small quantities of several spices, and to 
boil the whole down to three pints; then, to strain the 
liquor and pour it on the rennet-bag; to add a sliced 
lemon ; and, after allowing it to settle a day or two, to 
strain it well, and bottle it up for use. When well- 
corked, it will keep a year, and gives to the cheese a 
pleasant aromatic flavour. A decoction of the flowers of 
the Galium verum, or cheese-rennet, a plant very com¬ 
mon in many pastures, is sometimes used as a substitute. 

Muriatic acid is also employed for the same purpose; 
and we are told, that the pungent taste peculiar to some 
sorts of Dutch cheese, is occasioned by the latter ingre¬ 
dient, infused, perhaps, in an undue proportion. 

The colouring matter most commonly adopted in Colouring 
English dairies is arnotlo, an article which was wont to 
be imported from Spain ; the quantity varying according u 
to the shade required. In Gloucestershire, un ounce is 
allowed for every hundred pounds of cheese. In Che¬ 
shire, the method of using it is to tie up the necessary 
quantity in a linen bog, and to infuse it in half a pint ot 
hot water the night before it is used, unit next morning, 
before the application of the rennet, to mix the coloured 
infusion thoroughly with the milk. In some places, it 
piece of the unpounded arnotlo, dipped in milk, is 
rnbbcd on a smooth stone, ami the colouring matter 
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A<iU'u't>iri\ llnis obtained, is combined with the milk in the usual 
way. 

Cil.im-estiT In making Gloucester cheese the milk is used as it is 

ehecMS drawn from the cow ; and if it be too hot in Summer a 
little skint-milk or water is added. After the application 
of the colouring-matter and the rennet, the curd is care¬ 
fully broken down with the hand or a knife; and 
next put into a vat, and pressed for a quarter of an 
hour. It is then turned into a tub and again broken 
small, scalded with a pailful of water, lowered with 
one part of whey, and the whole is briskly stirred. 
Having stood a lew minutes to allow the curd to settle, 
the liquor is strained off, and the curd is again collected 
into a vat. When this is half full, a little salt is 
sprinkled on and well wrought into the cheese; it is 
then filled up ; the whole mass is turned two or three 
times round ; the edges arc pared and the middle 
rounded at each turning. The cheese, surrounded with 
a cloth, is subjected to further pressure, when the pro¬ 
cess is completed. 

Imitates). In the 1st volume of the Quarterly Journal of Agri¬ 
culture, there is “ a Receipt for making cheese, in imita¬ 
tion of double Gloucester.” The method adopted does 
not differ much from that now described, and the success 
of the attempt, which was made in Dumfries hi re, shows 
that the secret, if there ever was any, is now perfectly 
understood from Cornwall to the Scotland Firth. The 
quantity of arnolto used by the imitator amounted to 
about a quarter of a pound for two hundred weight of 
cheese; and the salt to about eight or nine ounces. It 
was found that a hundred quarts of milk were required 
for a cheese of thirty pounds ; or about three quarts to 
the pound. 

Stilton. The directions tor making Stilton cheese are given in 
the Agricultural Report of Leicestershire os follows : 
the night’s cream is put into the morning’s new milk, 
with rennet; and when the curd is formed, it is not 
broken, as is done with other cheeses, Imt taken out 
whole and placed in a sieve, to dram gradually, and its 
it drains, a gradual pressure is continued till it becomes 
firm and dry. It is then placed in a wooden hoop, and 
afterwards kept dry,on boards, and turned frequently 
with the cloth binders, round it, which are tightened as 
occasion requires. When the cloths are removed, each 
cheese is rubbed with a brush once every day, and in 
damp weather twice, for two or three months. This 
cheese has been successfully imitated in other districts, 
an account of which will be found in the Quarterly 
Journal, No. VI. and in the Prize Essays and Transac¬ 
tions of the. Highland Society. 

Cheshire. Cheshire cheese, which it is found more difficult to 
imitate than any other, is made in the following manner. 
The cream of the preceding evening’s milk is skimmed 
off, and poured into a pan heated with boiling water, 
and a third part of the same milk is heated in the same 
way. The new milk of the morning and that of the pre¬ 
ceding evening being thus prepared, arc introduced into 
a large tub together with the cream. Then are added, 
first the colouring matter, and afterwards the rennet. 
The whey being removed, the curd is cut into slices, 
and repeatedly turned over and pressed with weights. 
It Is next broken with the hand into small pieces, put 
into a vat, and strongly pressed, and being’transferred 
afterwards into another vat, the process of breaking 
down and pressing is renewed two or three times. The 
last time, the vat is heated to a certain temperature, and 
a tin hoop or binder is put round the edge of the cheese. 


Six hours are spent in the processes now detailed, and Agriculture 
eight hours more arc necessary for pressing the cheese, 
during which time it should be twice turned in the vat. 

Next morning and evening, it is again turned and 
pressed, as well as in the morning of the third day, 
about the middle of which it is removed to the salting 
apartment, when the outside is well rubbed with salt, 
and a doth binder is passed round it. During a week, 
while the cheese remains there, it is turned twice a day, 
and as it is left for some days longer to dry, it is turned 
once and well cleaned daily. It is then transferred to- 
the store-room, which should be kopt moderately warm, 
and protected from a current of air, to avoid-the risk of 
crachiug, and turned every day till it becomes perfectly 
dry. 

No* cheese is more highly esteemed than Parmesan , Parmesan, 
which is produced on the plains; of the Fo, near Lodi. 

Its peculiar qualities, we are informed, depend re on 
the maimer of making it than any thing else. The 
cows ore a mixed breed, between the red Hungarian, 
or Swiss variety, and those reared among the Lom¬ 
bards. The chief peculiarity in their feeding is. tli.it 
they arc allowed to eat in the tii Ids four or live hours 
out of the twenty-four; all the rcstofdlie time they 
are stalled, and get hay. Roth this pasture and hay arc 
chiefly from irrigated lands. The cliec- •>rc made en¬ 
tirely from skimmed milk ; half of that which has stood 
sixteen or seventeen hours, and half ot that which has 
stood only .six. The milk is heated ami co-.gidatcd in a 
cauldron, erected in a very ingenious fire-place, bong 
an inverted semitone in brick-work, well adapted for 
preserving beat, and for the use of wood as fuel. >\ all- 
out being taken out of the cauldron, the curd i- broken 
very small by an instrument consisting of a stick with 
cross-wires ; it is ugain heated, or rather scalded, till 1 lie 
curd has attained a considerable degree ol ‘■rinne-.s ; it. 
is then taken out, drained, salted, and pivw !. and hi 
forty days it is fit to be put in the cheese loll The pe¬ 
culiarities of this cheese seem to depend oil the mode of 
scalding the curd ; though some allege that the iceding 
of the cows is not without its effect. Rut fur a more 
minute detail, vve refer the reader to the Wist Volume 
of the Fanner’s Magazine; Cadell’s Journey in Car- 
niola ; and Loudon’s Agriculture. 

There are various other cheeses in common me, Mich 
as the Chedder, the Dunlop, the Lincolnshire, the Nor- 
folk, the Wiltshire, the Cottenhum, and 6 the Suffolk ,- 
but as the process of making is nearly the same in all, 
vve shall not repeat descriptions which would exhaust 
Ihe patience without conveying any particular know¬ 
ledge. We shall simply remark that cheeses ought to 
be kept in a dry airy place ; and that the leaves of 
Tutsan, the Hypericum androstemum, or of the Yellow 
Star of Retlilehem, or even the young twigs of the 
common Birchj are useful in preventing the depreda- 
t ons of mites. 

Leases and Rent. 

Few Kubjeqts in Agriculture arc attended with greater Gi-m-ml 
difficulty than the proper mode of fixing the duration of pnnti|i.i- 
Leases and the amount of Rent. With regard to the 
former, it muy be observed, that when they me short and 
clogged with a number of restrictive clauses, they are 
equally injurious to the proprietor and to the occupier 
of the land, and have therefore been justly regarded as 
otic of the most serious obstacles to the improvement of 
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Agncmturc. the soil. As lo rent Spain, no general principle can be 
v ***v"">*>' stated which is not liable to certain objections. Some 
writers have suggested that one-third of the produce 
should be appropriated to the landlord. But as land of 
inferior quality requires a more.expensive inode of cul¬ 
tivation than richer fields,—mare skill, capital, and in¬ 
dustry, tu improve and keep it in a productive state,— 
the fourth part of the produce might .be considered as 
the fair value of rent. Nay, from the recent examina¬ 
tion of some very intelligent Agriculturists before a 
.Committee of the House of Commons, even the fifth 
part of tiie actual produce of poor laud was deemed an 
equitable return to the landlord. In all leases, there¬ 
fore, founded oil such principles, the quality of the soil 
must determine the proportion to which the proprietor 
is entitled in t ame of rent. Perhaps the main, con¬ 
siderations connected with this subject might be examined 
under the Ibllowlng heads; namely, 

I'i’i'lirie*. I. Whether it is more for the interests of Agriculture 
that the lauds of a country should he let on lease, than 
that they should be occupied by tenants at will ? * 

IT What is the proper length of a lease, and what 
are the reasons of preferring oue period to another ? 

III. Whether ought ihc rent to lie a constant money- 
payment, or ajired yinntity of produce, or a fixed pro¬ 
purl.on of the i-odiice of the land? 

IV. Whether ought there to be any stipulations in a 
'.rose with respect to the management of the farm ; and 
10 what points ought they to be directed ? 

V. WIn liter ought a farm to be let privately or pub¬ 
licly. And whether ought the highest bidder, supposing 
him 11 lie in other respects unobjectionable, always tube 
preferred 0 

I. Whether ought bouses and buildings to be erected 
!., the landlord or tenant? 

i-.i pre- I. As lo the fust question, whether it is more for the 
u.!.- in interests o' Viniculture that land should be let on lease, 
Bt or lie n, copied by tenants at will, it may, we presume, 
h.- del. vmiii 'd by an appeal to the (act, which of the 
two Ini-, been found to call Into action the greatest 
sliiire »• ‘ capital, industry, and skill. If guided by this 
principle, wc shall hate no difficulty in deciding in favour 
of lea-es, in preference to the system of renting land 
from year to year By the former method, say on a 
lease of nineteen yoarythc tenant is perfectly certain of 
reaping the benefit of tbecajfltnl expended in improving 
the land; and*consequently, may be exjiected to apply 
his skill t the improvement of his farm withont hesi¬ 
tation. He can ako, with perfect security to himself, 
adopt the moot improved rotation of cropping, which, 
let it be observed, is generally to make a present sacri¬ 
fice for a future advantage; whereas, if he is a tenant 
at will, in the strict sense of that phrase, he canuot be ex¬ 
pected to do either the one or the other. Nothing would 
be more absurd, than for a tenant whose term of removal 
may be only twelve months lienee, either to luy out 
capital, or to adopt a system of culture, the return from 
which could be expected only at a distant period. We 
are aware that many tenants at will, from the practice 
on the estate, or the character of the prqprietor, feci a 
degree of security nearly approaching to that which is 
conferred ..by a lease- Though this, however,' be the 
case in some particular instances, it cannot apply to 
landlords in general., A tenant, therefore, so circum¬ 
stanced, cannot fail to apprehend, that were he to make 
auy great improvement on his. farm, a higher rent might 
be exacted, 

voi, VI. 


There is one objection which we have heard stated to Agriculture, 
letting land on a lease of nineteen years, namely, that *■ ■- „ - 

if the farm happens to be too low reined, the 'tenant AiWaiift-gm 
continues during the lease, mid enjoys a portion of the ■l-ih'A 
produce which should have fallen to the share of ih L 
landlord; but, on the other hand, should the stipulated 
rent prove too high, the landlord innA submit to a de¬ 
duction. This objection is plausible; and may, on a 
superficial view of the case, appear conclusive against 
the system of letting lands upon lease. Those who take 
this view, however, very probably forget, that the security 
of a lease lor a fixed aud definite period, has been one 
of the principal causes of the rapiti progress of Agri¬ 
culture during the last fifty- years. If the same impulse 
could have been given to Agriculture in the hands of 
tenants at will, the view entertained by such persons 
would, no doubt, be correct.' But this is supposing a • 

slate of things which cannot possibly exist. For it pro¬ 
ceeds upon the idea, that Man will display the same 
energy, and make as great exertions lor the acquisition 
of an object which another may enjoy, as he will for 
that whieh he knows will lie exclusively his own. In¬ 
deed, there seems great reason lor thinking, that had 
the practice of letting lands to tenants at will been 
universal, the rental of the Country would not have ex¬ 
ceeded two-thirds of what it is at present; and, there¬ 
fore, although a-landlord may occasionally lie obliged 
to accept of a rent somewhat lower than his lands are 
worth, still he is a great gainer on the whole. It 
mgy be supposed, that we have overrated the effect of 
leases, but, when it is taken into account, that previously 
to their introduction almost every improvement was ef¬ 
fected by the proprietor, and that in all districts in which 
they are generally adopted, the tenants have relieved 
the landlords of this burden, the benefit resulting from 
this method will not he questioned. Of course we are , 

here speaking of such improvements as add to (lie pro¬ 
ductiveness of the soil, and at the same time yield 
a profit on the capital expended. In short, it may be 
held, that no tenant at will, possessing an ordinary por¬ 
tion of common sense and prudeuce, enn be expected 
to lay out Capital, whieh will not be returned within a 
very short period; and this, it is obvious, amounts to 
laying out no capital at all on that description of im¬ 
provements which make the largest return. 

By the conditions of letting. Tie might be bound to a Dii-n.feim- 
certuin inode of ciopping, which would in some measure j a ^ pf 
tend lo prevent the deterioration of the lands; hut every a 
operation would be performed in a slovenly manner, 
and with a view as far as possible to save expense. If, 
on tiie other hand, from the character of the landlord, 
or practice on the estate, the tenants were perfectly 
sccure of not being removed from their forms, it is 
equally obvious in this case, that the cultivation of the 
lands would not lie carried to the highest pilch; because 
most tenants would lee), that were they to improve their 
farms highly, a larger rent might be exacted. And this 
might occur even with liberally disposed landlords, as an 
experienced eye and very' considerable skill are requisite, 
to discriminate betwixt that productiveness which is the 
result of natural fertility, and that arising from high 
improvement and skilful management. This is a ri-k. 

♦o which all tenants at will must know they are ex¬ 
posed ; and in the majority of cases, they will avoid 
making improvements of which they arc not certain ot 
reaping the benefit. 

II. With these few remarks, we shall proceed to 
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Agriculture. notice the second point; namely,—“What is the proper 
v —“v-"-' length of a lease,—or what are the reasons for prefer¬ 
ring one period to another?” 

Aili.o'.tngts The circumstances of farms, as to situation, soil, ami 
<•11 •cases improvement, are so various, that it is impossible to fix 
neteeu Qn anv i L . h „.(h of lease which ought to be preferred in 
every instance. Where the mud is rich, and in a highly 
seats!' improved state, a shutter period may suffice, than in 
those cases in which exten-ive impimeinents must be 
executed by the tenant, and the means of effecting’ them 
are at a distance. On the whole, however, when we 
consider the immense benefits which Agriculture has 
derived from leases of nineteen or twenty-one years, 
we are disposed to think, that it would riot be easy 
to tlx on any period more advantageous for the greater 
part of lands which have been under cultivation. 

• This period seems well adapted for inducing the tenant 
to execute promptly those improvements which arc 
generally the most profitable, while, at the same time, it 
affords ample space for his reaping a full and fair retain 
tor the necessary outlay. When the period of the lease 
is much further extended, many tenants are apt to fed, 
that there is time enough to reap the benefit of an im¬ 
provement, even though its execution be delayed for a 
few years; and consequently, their exertions at the com¬ 
mencement of the lease are less prompt and vigorous; 
the effect of which, in many instances, is to give rise to 
a dilatory and listless mode of proceeding, which often 
leads to the neglect or total abandonment of many im¬ 
provements contemplated at the commencement of the 
lease. , On the other hand, if the lease be for a |ierit>d 
much shorter than nineteen years, (he tenant, except in 
situations very favourably situated for manure and other 
means of improvement, does not feel that he has sulii- 
cient lime for putting his lands in a very high state of 
cultivation, with a reasonable prospect of being remu- 

* iterated. For it must tie kept in view, that profit from 
superior culture is not derivable to any considerable 
extent, from merely bringing’tlie lauds to a high degree 
of fertility, and in a few years, by severe and injudicious 
cropping, reducing them again to their former stale. 
Profit can only be derived to the fullest extent, by Art/>- 
iiig t ip and directing the capabilities of the soil, whether 
natural hr aeqnncd, to the production of those i rops 
which will prove immediately profitable to a certain 
extent, and still more by the influence which they exer¬ 
cise on the succeeding ones. This cannot take place, 
except in a very few cases, if the lease be much shorter 
than nineteen years. 

Kunevratv. On the whole, we have, no hesitation in giving the 
preference to nineteen or twenty-one years, as the period 
. most advantageous to the interests of the landlord, the 
tenant, and the community at large; though, as we 
have stated before, there may be cases wheie a shot ter 
period would not be attended with any very striking 
disadvantages ; and there are others where a consider- 
, able extension might prove highly beneficial. . Jt would, 

in our opinion, he a great improvement, if the lease 
could be renewed at. the end of the iiftcenth or sixteenth 
year; as the tenant's exertions are necessarily lessened 
during the last four or five years of the lease. We 
would strongly recommend to' landlords, when they 
have a proper tenant, to effect this arrangement with, 
him. The oftencr this cau he done without giving the 
latter reason to expect it at the commencement of his 
lease, the better for all parties. 

Ilf, The third question to be considered is,—“ Whe¬ 


ther the rent .might to be aconstant money-payment, or a Agriculture, 
fixed quantity of produce, or a fixed proportion of the 
produce of the farm?’’ 

This the reader is aware, involves a point of consider- Object of 
able difficulty ; and one which,has been of late tlie sub- win. 
jeet of much controversy and discussion. The object 
which most writers on the subject have had in view, is 
the discovery of a principle of paying rent, by which the 
tenant shall give the precise worth of the farm each year 
of the lease. This appeals to us a state of things which 
never can be attained. _ _ 

YVe shall, in the first place, offijr a few remarks on Diaailvr.i- ' 
the comparative merits of a fixeu inoney-r.ent, and a •‘‘K 1 ’ 8 ,,f d>e 
fired proportion of the yearly produce: arid on this 
head we may observe, that the fluctuations which have 'l 1 "-'"' 
occusred of late years in the money-^nre of farm pro¬ 
duce, from the change/in the value ot the currency, and 
the occurrence of harvests more or less productive, 
would lie apt on the first statement of the question to 
decide us in favour of a fixed proportion of the produce, 
of flip farm, or the metayer scheme. Of this system, 
however, we are disposed to think very unfavourably, 
because its whole tendency is to check enterprise and 
improvement. Its practical operation i* well illustrated 
by the state of Agriculture in those Countries where it 
prevails; for which see, among others, an excellent 
account, in Clintcauvieux, Lettns lien lot d’ltalieen 1812 
ct IBIS, and \\it Annates Agncnlei de Rnvilh', published 
abbot four years ago at l’r.ris. -No tenant would expend 
capital when he knew that the laridloid was to come in 
for a third, fourth, or fifth share of the additional produce 
resulting from its application. Ik is a sWci.i applicable 
only to t (inntries where the tenantry have little or no 
funds, and fnust look to the landlords iiir stocking their 
farms. Indeed, so pernicious does it appear to us, that 
we see no chance of the Agriculture of a Country 
becoming really prosperous where that system of letting 
lands is universal. 

From a fixed money-rent, no great inconvenience Doubts rr- 
scems to have been fell in this Country, previously to spccting n 
the passing of the llauk Restriction Act in 171)7. The*"”* . ( 

depreciation of the currency, however, which necessarily ' 

followed that measure, and the great proportion of 
deficient harvests which occurred between J797 and 
IB 12, (sceTooke on High and. I AW Prices,) to which 
we may add the extraordinary circumstance.-.. Political 
and Commercial, in which the" Connlra was placed, 
occasioned such it rise in the price of corn, as produced, 
in the minds of some •landlords, a dielikc to a fixed 
money-rent. The same circumstances had u very dif¬ 
ferent effect on the farmers. A fixed money-rent was, 
in their opinion, the only way. in which land ought to 
be hired. It was, however, the combined effect of these 
and other circumstances, that disclosed the 'imperfections 
of this mode of paying rent; and led, in many eases, to 
the adoption of another, which is to be next noticed. 

But before doing so, we shall submit a (few remarks on 
a point connected with this subject. 

Some landlords, we believe, are under the impression Farming 
that they sulliyed greatly; from their lands having lieen 
let, during the period of high prides, on leases or nine¬ 
teen years at a fixed money-rent. This, we are much 
disposed to think; Is a mistaken view.. It ought to be 
recollected, that about the middle of the last century, the 
amount of farming capital was extremely smail. It had, 
no doubt, been gradually .accumulating from the period 
of the Revolution, about which; time improving leases 
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Agriculture, were, in a few instances, introduced ; but even at the 
close of th'c XVIIIth'CenUiry, it was very for from being 
gimitly m- adequate to the improvement and cultivation of the 
creasml he- (' 0 untiy, |t was during the period from 1730 to 181<J, 
and"**I - ' but especially during (he latter half that the farming 
capital, in the Northern parts of the Kingdom especially, 
received an accession which made it nearly equal to the 
proper cultivation of the land.* And this urcuinulution 
of capital, let it be observed, arose chiefly from the 
tenantry holding leases lot* a period of years at a fixed 
v money-rent. During that period of Agricultural pros- 
. ^ pwity, the Art was prosecuted with a degree of spirit 

X and enterprise unexampled in this, or perhaps in any 
j^unveqncnt other Country. As a natural consequence, it attracted 
increase cf a great number of individuals from other professions, 
reut. which, with the increased capital in the hand^oj' the 
tenantry in general, produced 'a» immense competition 
for farms, and ultimately raised rents to the highest 
pitch the lands were worth, even if the average prices of 
the fourteen years preceding IS12 had cnuiiuued. 
During that period of excitement, the landlords, as the 
leases expired, reaped a considerable share of the advan¬ 
tage in the rise of rent obtained, and, perhaps, slill more 
from the improvements effected by the tenantry on their 
estates. But fliey are deriving, and wdl continue to 
derive, a slill greater benefit fiom the increase of farm¬ 
ing capital and skill, which those years of prosperity 
Called forth. The progress then made in the knowledge 
of the Art, and the additional capital acquired, have, 
beyond all doubt, enabled the tenantry to pay during 
the last ten or twelve years, at least from fifteen to 
twenty per cent, mote vent, than they could have done 
from 17;>0 lo 18'tO, supposing the prices of farm-pro¬ 
duce to luve been the same at both periods. In this 
wav, there is reason to think, that the landlords are 
more than remunerated for any sacrifice they made 
during (lie high prices ; and there can be little doubt, 
that Agriculture has, at the same time, been essentially 
and permanently benefited. 

Ail vantage* From what lias been said it is obvious, that a fixed 
nfa fixed money-rent, though it does not appear to have been 
inua..'j-rent mtnided with any loss to the landlords, has proved 
highly beneficial to the interests of Agriculture; slill it 
must be admitted, tlml the late alteration in the value 
of the currency, and the changes which have been made 
on the corn laws, have had the ell cot of putting the 
capital of tenants; paying a fixed money-rent, in 

the power of* the landlords; and though in most in¬ 
stances. we believe, the proprietors were too libcVal- 
niinded to avail themselves of the advantage thus 
obtained over their leaseholders, it is a state of things, 
against the recurrence of which, a provision, as far us 
possible, should be made. 

(treater ail* On the whole, though a fixed money rent appears 
vaiit&gM of much preferable to a fixed proportion of the. produce, 
^uaiitit f l ' ,crc SCL ‘ ,nH great reason to think, that a fixed quantity 
• produce.. 0 °** produce convertible at the average prices of each 
year, is less objectionable than either of the modes 
noticed; and upon this we shall offer a very few remarks. 

A fixed quantity of produce has the important ad¬ 
vantage of providing fully and completely against va¬ 
riations in the*priee of com, arising either from changes 
in Commercial policy, or in the value of the currency; 
and at the same tflne has no effect whatever in damping 
the exertions of the tenant, as he knows every bushel 
he can produce beyond the landlord's share is entirely 
his own. These are advantages of great value even in 


a National point of view, inasmuch as they secure the Agriculture, 
landlord, in the first place, in obtaining tin* value of bis 
lauds during; the leuse ; and .secondly, go far to prevent 
any great destruction of fanning capital. This mode 
does not, indeed, provide for the difference of price 
arising from more or less favourable harvests. This, 
however, can be remedied, to u certain extent, by fixing 
a maximum and minimum price—the former, to guard 
the interests of the tenant, in years of extraordinary 
scarcity—the fatter, to protect the landlord fiom the 
lowness of prices arising from unusual abundance Great 
judgment, 1 owcv« r,.is required in fixing the maximum 
in elevated and exposed Munitions, as an error in this 
particular might lead t<r the ruin of an industrious 
tenant in uniiivourahlo seasons. With these checks 
judiciously applied, though the rent in any otic year 
may not be precisely what it ought to be, still the dis- • 

parity betwixt it and the prices, wdl not in any case be 
such as to depress the tenant, to the extent of either 
checking his enieiprise, or diminishing his means fur 
the profitable cultivation of his farm. Ni idler will the 
interests of the landlord at any time suffer materially. 

Indeed, a fixed quantity of produce convertible at the 
average market prices, seems to ns to protect the in¬ 
terests of both parties, as far perhaps as is practicable. 

The same principle, incur opinion, might be beneficially 
adopted in fixing the rent of pasture-lands, provided 
the same means were taken to authenticate the priots of 
cattle, sheep, wool, and dairy-produce in each County, 
as is taken for ascertaining the prices of corn. This 
subject is deserving of serious consideration, and the 
plan, with little difficulty, might be carried into effect. 

We shall only say in conclusion, that the view here 
taken, has been borne out by many years’ experience, in 
several parts of the Couutry, in which that mode of 
fixing tlie rent of corn lands has been in operation. 

IV. The fourth inquiry is,—Whether ougBt there 
to be any stipulations in a lease, with .respect to the ma¬ 
nagement til the farm ; and if there should Ik- stipu¬ 
lations, what ought they to bor” 

Although the simulations in leases must of necessity Necessity if 
vary according to the circumstances of cadi particular restrictive 
case, we do not think they can in any one instance lie dis- 111 

pc used with. In those districts of live Couutry in which 1 
the principles of Agriculture arc little understood, re¬ 
strictive clauses are, during the whole lease, indispensable : 

Jiml, to protect the interest of the landlord; and 
secondly, in some degree lo lend the tenant to a belter 
system of husbandry. There is little chance, however, 
ot'a tenant of skill and capital adopting an injurious 
course of management, during the first half ofa ninetetii 
years’ lease; but in the latter half, the interests ofland- 
lord and tenant begin to diverge, and in the last year or 
two, become nearly opposed to each other:—it being 
then the interest of the landlord to have the lands in the 
highest possible state of cultivation, so as he may obtain 
the greatest rent they arc worth upon the renewal of the 
lease; while the, interest of the tenant is obviously lo 
extract from the soil all he can before his right of 
possession is at an end. A judicious person, in flaming 
n lease, will keep this hi view, and endeavour to con¬ 
struct the flanges as to management, so as to protect 
the just lights of both parties. And we are satisfied, 
that restrictive clauses at the cud of a lease will be leaM 
objected to by those of the tenantry who have the clearest 
view of their own interest; for such persons know that 
a deteriorating system of cropping cannot be pursued 
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Agriculture, far, with advantage to themselves. Besides, when this didates, and the tenant in regard to the value of the Agriculture. - 
''—v - "*' practice is general, the loss sustained during the first farm. 

. four or five years of the new lease, is much greater than A higher rent may no doubt be obtained at an auction. Advantages 
any paltry profits obtained by improper cropping, in the but this is no good reason in fav'our of such a method, "f l ir '» a| * 
latter years of the old one. Indeed, the practice cannot as there are few things more detrimental to Agriculture 1 
be too strongly reprobated; because, instead of bene- than over-rented farms. .Tenants so situated, seldom , 

filing any party, it is extremely prejudicial to all, and make exertions, or disfAay a spirit of enterprise, 

. not least to the tenants themselves. It would be .consistent with their own interest, or the interest of 

• easy to establish this beyond all question, but it would their profession. As-farms are, in our opinion, much . 

lead to details which might neither be interesting nor more likely to he over-rented, and to fall into the hands 
useful in a general treatise. of an inferior description of persons, by being let by 

mSun» The principal object, then, of all clauses in leases, nuclion, than by receiving private offera,.we woultft'bn 

° ought to be, to put it in the power of the tenant to ^ tliat account, prefer the latter (node. At a public ( 

manage and cultivate his farm upon the most approved ’ auction, there is a degree of excitement which some- • 

principles known at the time of his taking possession, times leads a bidder to go furthef than his judgment in 
and to allow him to avail himself of any improvements his cooler moments would dictate; besides, some ure 
which may take place in Agriculture, or otherwise, apt to offer, trusting tt> the knowledge of the preceding 
during the currency of the lease; and on the other hand, bidder rather than to their own. 
to give security to the proprietor, that his lands will be As to whether the highest bidder ought always to be 
properly cultivated during the whole period, but espc- preferred, we are decidedly pf opinion, that capital, in- 
cially during the last five or six years. It is, as formerly telligcnce, and skill, ought, in most cases, to have a pre- 
stated, impossible to say w hat the clauses of a lease fercnce; and there can be no doubt, that the landlord 
ought to be in any particular case, without a knowledge who is. guided by this rule, will, in general, consult his 
of the whole circumstances connected with the farm; owu interest, and the interest of Agriculture, 
and it is equally impossible to frame any conditions VI. As to the last point, namely, “whether houses 
which would be generally applicable. All that can be and buildings ought to be erected by the landlord or 
done, is to state the principle updn which such rcstric- tenant? and if by the latter, how should he be indent- 
live clauses should be inserted. ' , nified for them ?' 1 

Their aa hr every case, a landlord ihust, .cither ot himself, or It appears to us, that the buildings and houses ought, Building* 
tute. by the advice of those in whom he can confide, deter- in general, to be erected by the landlord. The sum ouj-lu to t>i 
mine the proportion of exhausting crops which his land necessary for this purpose, is more than the tenant can 
can profitably carry,—keeping in view the nature of the be expected to possess beyond what is required Ibr the ai11 ur, ‘ 
soil, climate, situation, and other circumstances,—and ■ stocking and improvement of the farm. Besides, such 
must frame Uie restrictive clauses so as (o prevent that erections can be made by the landlord at as little ex¬ 
proportion from being exceeded, and to provide for a due pense as by the fenaut; and consequently, when ex¬ 
quantity of putrescent^ manure being regularly applied, ecuted by the former, the .effective agricultural capital of 
Although many objections might be stated to binding a the -Country is greatly increased. It is worth observing, 
tenant to crop and cultivate bis land according to a perhaps, that the landlord, having a permanent interest 
specific plan, even during the latter years of the lease, in the property, will take care to erect'buildings, both 
we are ot'ppinion, that any departure from good cul- , as to stability and extent, suitable to the general uses of 
lure for four or five years out of nineteen or twenty-one, the tin in : whereas, it can scarcely be expected, that a 
Is so detrimental to the interests of all parties, that it tenant, having only a temporary interest, will be guided 
ought iff hit means to be prevented. And, perhaps,,. by the same views. 

ho better general principle could be applied, than that We might'have expanded the considerations under Bail cfibds 
the .tenant should not.be allowed to depart from the the third head to a much greater extent, and taken a of,he m *- 
■system he hatf purttucri during the previous years of the review of the metayer system, as it operates in many . 

lease. , _ parts of the Continent, in which the fanSicrs pay a fixed 

Object in V. With these observations, we shall next advert to proportion of their produce to the landlord in name of 
the Jiflk query, namely, “ Whether ought a form to be rent. This has been pronounced by Mr. Arthur young 
let publicly or privately ? and whether ought the highest “the most detestable of all modes of letting land," in 
bidder, supposing him to be in other respect* unobjec- which, after running the hazard of many heavy losses, 
tionable, always to be preferred ?" ; “ the defrauded landlord receives a contemptible rent; 

The object which ought to be kept in view in letting the farmer istn the lowest state of poverty ; thejuud is 
lands, is, to obtain their fair-value from tenants of re- miserkhly cultivated; and (he Natiopsuffers as severely 
spectability, who are possessed of adequate skill and as the formers" themselves. ■' • Notwithstanding the nu- 
capital for the proper management of (heir farms. That merops’change* introduced by Ute'ftevolqtion, this ob- 
mode of letting them, therefore, ought to'be adopted, jeciidhahle schetrtepreVails in more than the one half, of ■ 
which affords the best chance of attaining these objects. France, and throughout the greater pari of Italy. We 
To us, the chance of accomplishing the end in view need not add thgt Agriculture has made no progress in 
seems much greater by private than public letting, either Country, in the midst 6f numerous improvements 
By the former, the proprietor can exercise a more derived by all other pursuits from the general cultivation 
deliberate judgment in regard to the merits of the can- . of the Physical Sciences. 
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Connmcrce^CoNM f.rce is the interchange of commodities, whether 
''■“■y"' -1 ' manufactures or agricultural products, for money or for 
JVhuitiou other commodities : in the latter case it is called Barter. 
mure”'" Some persons consider that all buying and selling carvied 
on among ourselves ought to be called Trade, and that 
the name of Commerce should be appropriated to our 
foreign transactions; but this distinction seems hardly 
• justified, either by the etymology of the re<-poetire¬ 
words, or by the practice o£ merchants, wiih'wbom 
“ foreign trade” is as frequent, or rather a more frequent 
expression than “ foreign Commerce.” 

We propose for the principal subjects of the present 
Essay, 

1 . A Historical sketch of Commerce; and 

2. Its condition in the present Age, as well in Eng¬ 
land as on the Continents of Kuroj>c and America. 

3. Connected with these, will he a series of obser¬ 
vations on collateral subjects; such as money, or tire 
circulating medium of Commerce; the mines of gold 
and silver, particularly in America ; and the use of Bank 
paper during the last hundred years. 

Origin of The advantage of an interchange of commodities, of 
Commerce, one person sugpl) ing wliat was needed by another, must 
have, been obvious in the earliest stages of Society. 
Such interchange, however, must have been on a very 
insignificant scale among Tribes living in the state of 
hunters, and seeking their subsistence, not from domes¬ 
ticated animals, but from the chase and the precarious 
spoils of the forest. Such appears from Scripture to 
have been the state of the central part of Asia, in the 
Ages following the Flood ; in the time of Nimrod and 
other predecessors of Abraham. It was the condi¬ 
tion also of the aboriginal Checks before Cadmus and 
other foreigners, arriving from the East, accustomed the 
natives to useful Arts; and it was the state of the 
chief part of England on the first invasion of the Ro¬ 
mans. Such at the present day is the case of the 
Indiuns of Noitli America, who roain over the vast 
tracts to the West and North-West of the Mississippi, 
obtaining by *he chase quantities of fiirs to exchange 
with English and American traders, hut living in other 
respects in great penury, and having very few commo¬ 
dities to barter among each other. 

Tim state of {„ the next stage in th£ progress of Society, the statg 
as uraitc. 0 p p as t urn g e with little tillage, the interchange of com¬ 
modities is still on a very limited scale. Referring 
again to the Book of Genesis, wc find this to have been 
the state of Chaldiea and of part of Syria in the Age of 
Abraham, about four centuries after the.Flood, or nine¬ 
teen centuries before the Christian Era. Population, 
although increasing, was still very thinly spread, and 
property became considerable in the hands of only a few, 
the bulk of the community being, os expressed in Scrip¬ 
ture, “bondmen and bondmaids;’’ in other words, ser¬ 
vants and labourers paid not by wages, but by mainte¬ 
nance. The Northern part of Arabia must have been 
very thinly peopled in the time of Jacob, yet his Hocks, 
like those of his brother Esau, increased, “so that they 
could not dwell together: the land could not bear them 
because of their cattle.’’ The consequence was that 
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Esau removed his family, iiis cattle, and all liip substance Commerce, 
to a distance, and dwelt on Mount Heir. Similar to 
this was the state of Scythia in ancient limes ; and such, 
down to the present day, is the condition of the vast 
regions of Tartary. In this stage of Society families 
arc almost always removing in quest of new pastures; 
there are hardly any towns, and but few villages ; each 
household is consequently obliged to supply its own 
wants, whether in provisions or clothing ; and the ex¬ 
change of commodities is trilling, us it always must be 
until, tillage licing introduced, population becomes sta¬ 
tionary, and, in some degree, concentrated. 

We next arrive at the Agricultural state; the time The Agri- 
wlien individuals and families drew together in hamlets, cultural 
villages, arid, eventually, in towns. Employment then 
becomes divided ; persons follow separate trades; and the 
products or workmanship of one arc exchanged for those 
of another. Intercourse is then carried to such a length 
•as to he entitled to the name of Commerce. If it he Countries in 
asked in what part of the W orld was the exchange of com- which Corn- 
mod ilies first carried to any considerable extent? we mi- , .' r * t 
svver in Mesopotamia, Egypt, and the mine fertile Fro- sidc-mblc- 
vinccs of the North of Arabia. For this vu- have the direct 
authority of Scripture, as well as the indirect but power¬ 
ful evidence ufiorded by the local advantages of certain 
tracts of Country, such as those adjacent to the Euphrates 
and the Nile. In warm climates the great desideratum 
in cultivation is a supply of water ; and population first * 
becomes dense in districts vvhieh< > | J o....ess 
in abundance, whether from rivets periodically over¬ 
flowing their banks, from streams descending from high 
grounds, or from a soil yielding water in wells at aslight 
depth from the surface. Now Civilization and Commer¬ 
cial intercourse depend on, or rattier arise from, density 
of population. It is to this we should ascribe the early 
improvement of Egypt, which even in the Age of Abra¬ 
ham, and still more in that of his grandson Jacob, hud 
become so far a cultivated Country, as to be able to 
afford a supply of corn to its neighbours when scarcity 
unfortunately prevailed among, them. To a similar 
cause, wc mean the dense population in Chakhva, con¬ 
sequent on the overflowing of the Euphrates, and the 
ease with which the level tracts adjoining to that river 
were laid under water, we are to attribute the grandet r 
of Babylon and the power of the'Assyrian Empire. 

Almost all trade in those remote Ages was carried Commodi- 
on by land, and as there were neither roads for wheel-1«» «> n - 
carriages, nor bridges over rivers, merchandise was ’I'.Tcx^ 
transported on (he bucks of camels anti other beasts of rilgl , 
burden: Trailers proceeded generally in companies, for 
the sake of mutual aid and protection, exactly as is 
practised in the present day, and on a larger scale, by 
Caravans. It.vvas to a company of Ishmachtes. (Arabs,) 
carrying spices from Gilead to Egypt on camels, that 
Joseph was sold by his brethren, about seventeen cen¬ 
turies before flu Christian Era. The practice of convey¬ 
ing merchandise on the backs of animals still prevails 
in Countries in which an Englishman would expect that 
roads might long since have been made and wheel-car¬ 
riages introduced. It is general not only in the thinly 
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Cu'imimc. peopled Provinces of Brazil, Peru, Buenos Ayres, mid 

'"•‘v""** 1 ' Columbia, but in Mexico, the least backward part of 
Spanish America. That healthy and fertile region, now 
possessed by Europeans during three centuries, can, 
even at present, boast of no more than three or lime 
highways fit to be traversed by wheel-carriages ; and all 
the goods transported through its territory, whether 
manufactures imported, or produce sent down to the 
coast for export, are conveyed on the backs of mules and 
horses, a distance of several hundred miles. 

Intercourse The earliest attempts to convey commodities by water 

by water. W cre made on rivers or inlets of the sea, by means of 
canoes and rails. Between these, the simple contrivances 
of a rude Age, and the bark fitted to proceed to the open 
sea and to encounter the winds and waves, the difference is 
very great. Ship-building and Navigation are complicated 
Arts, requiring both mechanical dexterity and a stock of 
knowledge which can exist only in a society consider¬ 
ably improved. Hence Commercial intercourse by sea 
is long in beginning, and for a time is carried on’on a 
very limited scale. With the nations of antiquity this 
slowness was unavoidable, unacquainted as they were 
with the use of the mariner’s compass, and limited in 
their knowledge of Geography. It was the custom of 
their seamen to keep within sight of land, und on the 
occurrence of stormy weather, not to stand out to sea,. 
but to seek shelter in a bay or inlet. This practice, so 
contrary to that of modern navigators, arose from two 
causes ; the smallness of their vessels, which were often 
without decks, and the habit of propelling them as much 
by ours as by sails. By rowing towards a bay or the 
mouth of a river, they were almost sure of entering it, 
whatever might he the direction of the wind; and the 
shallow draught of their barks admitted of their being 
run ashore beyond the reach of the tempest. Summer 
was the onlv fi» ■■"•lson for such awkward mariners : to 
have gone to sea in the Winter months would have been 
accounted a great imprudence. 

NiivifiaUun Q u - e 0 f th e earliest branches of Navigation was that 
Ll carried on along the Red Sen, lur the' transport of com¬ 
modities from Arabia to Cosscir, ortho port, whatever 
it was, which served as an entrepot for the trade of the 

Theltttiin Sea with Thebes in Upper Egypt. The mcrchnn- 

kWl’ 4 * <li>,c lauded at Cosseir is commonly considered to have 
been the produce of India, imported, in the first in¬ 
stance, into certain seaports of Arabia, near the mouth 
of the Red Sea. But whether the products were In¬ 
dian or Arabian, the traffic appears to have been con¬ 
siderable, and to have been one cause of the great popu¬ 
lation and extent of Thebes; an extent proved equally 
by the descriptions of ancient writers, and the magni¬ 
tude of the still remaining ruirfs. The other causes of 
the prosperity of Thebes were that the fertilizing effects 
of the overflowing of the Nile were turned to account 
in its vicinity at an early Age. The breadth of culti¬ 
vated ground in Upper Egypt appears to have been 
greater in those dayH than at present, the flying sands 
from Libya having, in the course of so many centuries, 
covered apart of the Valley of the Nile, particularly to 
the West of the river. Thebes was centrally situated in 
regard to the Northern and Southern divisiotisof that long 
and fertile valley ; the Nile being easily navigated, con¬ 
nected them, so that this city was both the residence of 
the Government, and a station for the deposit and ex¬ 
change of the commodities of the upper and lower 
divisions of the Kingdom. Subsequently, the scat of 
Government was transferred lower down the Nile to 
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Memphis, (nearly on the site of Cairo,) in consequence, Commerce, 
probably, of the augmented population of the Delta, and 
perhaps of the advantage of comparative vicinity to the 
North of Arabia, Phoenicia, and Syria, Countries which 
then constituted so large a portion of the civilized World. 

But the foreign Commerce of the Egyptians was at 
no time considerable. Their Religion discountenanced 
Navigation, and their Government restricted their inter¬ 
course with foreigners, somewhat in the manner in which 
that of the Chinese acts with rngard to Europeans. The 
Phoenicians, on the other hand, were] altogether Com- The Phani- 
mercial in their habits as in their Itqvs. Sidon, the first cions, 
seaport of consequence mentioned in. History, was dis¬ 
tant only one hundred and fifty miles from the mouths 
of the Nile, and the foreign trade of Egypt was car¬ 
ried on by Phoenician mariners, first of Sidon, after¬ 
wards of Tyre. The l‘h«cnician coast- abounded with 
timber for ship-building, and its position was central 
for intercourse with such parts of the World as were 
then advancing in civilization. Confined at first to the 
adjacent Countries, viz. Egypt, Cyprus, Cilicia, the 
Phoenician navigators ventured in the course of time 
to take a wider range, visiting and planting colonies in 
Crete, Greece, Libya, and Sicily. In all these Countries 
the inhabitants were uncivilized, and- were indebted to 
the Phoenicians for the rudiments of knowledge and the 
introduction of the useful Arts. These Countries were 
situated to the West: but there was also a regular 
traffic between Phoenicia and the Southern part of 
Arabia, carried on partly by land, partly by water; by 
laud from Phoenicia to Elath, a port, in the Northern 
or upper part of the Red Sea; and the remainder of the 
distance hv shipping navigating that sea. 

The next Country entitled to notice in a Commercial Jmtipa, in 
sense is Jiuhea. ’Die Jews progressively increased in die reigns 
number during the long period (seven ccntuiics) which 
elapsed between their settling in Egypt and the era of * lon ]' 
their greatest prosperity, the reigns of David mid Solo¬ 
mon. Inthose reigns they made the conquest of Iilumtca. 
a Province extending along the North-Eastern shore of 
the Red Sea, and seeing the wealth possessed by their Phoe¬ 
nician neighbours, they became desirous of engaging in 
foreign Commerce. This desire was facilitated by the 
friendly understanding which so long subsisted between 
the rulers of Tyre and David and Solomon. The latter 
sent yearly to Tyre quantities of corn and oil,-the pro¬ 
duce of Judaea, receiving in return foreigft merchandise 
and a balance of gold and silver. The Jews being un- 
uccustoined to Navigation, maimed their merchant-ves¬ 
sels on the Red Sea by Phoenicians. The distant sea¬ 
ports with which they traded (Ophir and Tarshish) 
have not been recognised with certainty by modern 
Geographers, but the harbours Elath and Ezion geber, 
in which they landed their merchandise on returning, 
were situated in Iduroira, The foreign Commerce of 
the Jews, however, was of short duration, and seems to 
have been discontinued after the dismemberment of the 
Kingdom, which followed the reign of Solomon. Their 
trade in the Red Sea fell, doubtless, into the hands of 
the Phoenicians. 

Commerce of Greece. 

From Phoenicia and Egypt, Civilization and Commerce Greece io- 
made their way to a quarter destined to become a copious deMwl to 
fountain of instruction to the rest of the World. The 
easy access to Greece from the comparatively improved 8yi *’ 
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Commerce. Countries in the South and East, was a most fortunate 
circumstance. While the early annals of so many, na¬ 
tions arc replete With traditions of war and rapine, those 
of Greece bear testimony to the useful Arts introduced 
into their Country by foreigners, who became the founders 
of cities, the instructors of the rude inhabitants, the 
' patrons of Agriculture and Navigation. These occur¬ 

rences appear to have taken place for the most part about 
.. ’'ten or eleven centuries before the Christian Era, a time 
at which Egypt had been for Ages in the enjoyment of a 
regular Government, and the seat of a considerable po¬ 
pulation. The improvements thus introduced into 
Greece, and the gradual increase of her towns, of Argos, 
Mycenae, Athens, Thebes, Sparta, Elis, Corinth, brought 
• the Country into tha state in which it is so clearly de¬ 
scribed by Homer; who, whatever may be thought of 
his embellishments anil exaggerations in some respects, 
is entitled to our full confidence when describing the 
limits of the respective territories, the state of Society, 
and the degree of Civilization'existing in his time. To 
the accuracy of his Geographical descriptions an ample 
testimony is borne by the writer of all others the best 
qualified to judge, we mean Strabo. 

Extent <,f The Age of, Homer is generally placed about eight 
lu r culo- centuries before the Christian Era. The progress of 
improvement in Greece was afterwards checked by in¬ 
testine troubles. The Dorians, a rude Tribe from the 
North, invaded the Peloponnesus, and succeeded in ex¬ 
pelling from it the descendants of Pelops, the Princes of 
(lie second or third generation after those who are de¬ 
scribed by lloiner as governing the chief part of the 
Peninsula. This invasion is called in History the Return 
of the I Icrnclidic, and is considered to have taken place 
about eighty years after the war of Troy. The expa¬ 
triation which followed was termed the Eolic migration, 
the exiles taking their course Northward in the direction 
In Asia. of Thrace and Phrygia. In Athens the line of succes- 
Minor. s j on being altered hi consequence of political events, 
the sons of the last King led a colony to the opposite 
const of Asia Miuor, where Ephesus and a number of 
other towns soon rose to importance; this wus called 
the Ionic migration. Rhodes, eventually so important 
as a place of trade, was one of the earliest colonics of 
the Greeks; Cyrene, on the North coast of Africa, was' 
another, while the almost equally remote island of Cyprus 
was settled partly by Phoenicians, partly by Greeks. But 
the principal fdleign settlements of the Greeks were to the 
In Italy. West, in Italy and Sicily. In Italy they founded suc¬ 
cessively Cuma, Rhegiuin, Tarentum, Thurium, Bruu- 
dusiutn; In short, nearly half the maritime towns in the 
In Surly. South. In Sicily they founded Syracuse, Agrigentum, Ca¬ 
tania, Messina, Lcontini, and a number of other towns, 
all on or near the coast, so os to keep up a Commercial 
intercourse with the Mother Country. Of these various 
migrations the earlier were compulsory,, arising from 
political dissensions at home; but when the advantage 
of a change of residence became duly appreciated, suc¬ 
ceeding removals took place voluntarily, and for the 
purpose of improving (as in the emigrations now making 
to our North American colonics) the circumstances oi 
individuals. The motives and inducements were similar 
in either case: the territory of the parent States in 
Greece was limited ; population was progressively in¬ 
creasing ; and land, as in modern Europe, was high- 
priced, while in the colonies it was granted to settlers 
on very easy terms. Hence, the rapid increase and 
eventual prosperity of several of the Greciau colonies; 


of Sybaris, Crotona, Tarentum, but in particular of Comnnrcit. 
Syracuse, which attained a degree of population -iml ' 

wealth beyond that of any city in Greece, not 
excepting Athens. 

No Country is better situated than Greece for cairv-The 
ing on intercourse by Navigation. Its coast is of gm-i 
length, and indented in many parts by the sea. A refer- '*uihIxt i.f 
ence to the Map shows no less than ten extensile inlets 
similar to that of the Gulf of Corinth, each provided 
with one or more good harbours. Hence an early 
acquaintance with Navigation, if that name can with 
propriety be used in the case of barks without decks, 
propelled in general by oars, unprovided with anchors, 
and having only one mast which was raised or taken 
down according to circumstances. Such was the Greek 
marine in the time of Homer, and during the three cen¬ 
turies which elapsed bctwcen the Age of that l’oet and 
the national improvements which preceded the invasion 
of Greece by tire Persians. 

The inland territory of Greece, mountainous and un- Her inland 
provided with roads, was not favourable to Commercial territory, 
intercourse, or to the progress of National improvement 
as far as it depends on the union of several Slates 
into one. It was, however, highly favourable to the 
good government of small communities. Each town 
had its adjoining plain which supplied provisions and 
Other requisites : the compact position of the population 
enabled them speedily to unite aud cooperate if their 
freedom was threatened by a neighbouring State, or by 
an ambitious citizen at home. There was in those 
petty Republics, no distant Province supplying either a 
tribute or n military force which niicht be directed 
against the rights of the citizens. The public revenue 
proceeded wholly from the latter, and the military esta¬ 
blishment being composed entirely of them, alf hail a 
similar interest in resisting an it/'.—’llo,. „f t 1 \- Cc-'.yji- 
tution. Hence arose the independence of the. different 
States of Greece during several centuries, anil an ad¬ 
vance in Commerce and productive industry generally, 
greater than would have taken place under an absolute 
Government. 

Still the Navigation and Commerce of Greece were Hnrtrulo 
very limited even in her most prosperous time: they kmitisl. 
took place chicily between the Mother Country and 
the colonies planted in Italy and Sicily to the West; 
in Ionia in the East, and in Thrace in the North. The 
more distant voyages of Grecian traders were, in a 
Southern direction, to Egypt; in a Northern to Trcbi- 
zond on the Euxine, and to the coasts of the Adriatic. 

In a Western direction they hardly ever ventured be¬ 
yond Sicily, leaving the maritime intercourse with 
Spain, Sardinia, and the South of Gaul to navigators of 
a bolder diameter, the Carthaginians. 

The extensive conquests cf Alexander the Great gave Alexandria 
rise to new arrangements in regard to the trade of Greece iu Eg)ft. 
with Egypt and India. The obstinate resistance made 
to his arms by Tyre impressed him strongly with the 
resources of a maritime State, and as he ascribed the 
chief part of the wealth and power of Tyre to its trade 
with India, it'was natural that, after destroying that 
city, lie should seek to establish a naval station in a 
position adapted for carrying un both that, and other 
branches of Commerce. Such a position he soon dis¬ 
covered near the Western mouth of the Nile, where 
Alexandria, founded by him, became, and continued for 
many centuries, the chief Commercial city in the East of 
the Mediterranean, and after the ruin of t arthage, in 
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Commerce, the World. Its situation was well adapted for the in- 
'■^v****' tercourse of Egypt with Greece, Italy, and other Coun¬ 
tries; the Nile bringing to it the various products of the 
interior, and affording, on the other hand, a rapacious 
inlet for imports. In regard to the trade with Arabia 
and India, Alexandria possessed, still more than Tyre, 
the advantage of a ready access to the Red Sea. 

Of Carthage. 

Carthage: Such was the Commence of Greece in different Ages: 

magnitude at no time, it must be admitted, was it of so much im- 
°t her portance as might have been expected from her extent 

trade. 0 p coaS ( :llu i advanced Civilization. Carthage, on the 

other hand, was altogether Commercial. Founded by a 
colony from Tyre, she soon equalled and eventually far 
surpassed the parent State. The sphere of Carthaginian 
Commerce was in the West of the Mediterranean; in 
Mauritania, Spain, the South of Gaul and Sardinia; like¬ 
wise in Sicily and Libya. It extended also beyond the 
Straits of Gibraltar, in one direction to the coast of 
Morocco, in another to Portugal; or, as is often as¬ 
serted, to the Western coast of France and the English 
Channel, where tin was a great object of attraction to 
the merchants. Tradition states that Carthaginian ex¬ 
peditions, equipped ut the public expense, carried their 
discoveries greatly beyond these limits ; to the Baltic 
in the North and to the remotest part of Africa in the 
South. Hut all that is known with certainty is that 
such voyages were attempted by order of Government; 
that Ilanno was commander of the Southern, Himileo 
of the Northern expedition. Unfortunately the records of 
both have perished, and in the absence of other evidence 
the probability is that the African squadron did not carry 
its discoveries beyond the Canary Islands, in the 28th 
degree of N orth Intrude. If we thus circumscribe the 
maritime progress of the Carthaginians, wc can have no 
hesitation in restricting our belief in respect to that of 
the Phoenicians; and in treating as an amusing fable 
their alleged circumnavigation of Africa, related to 
Herodotus by Egyptian Priests. 

Her pnli- Wc shall not, however, incur the risk of exaggerating 
tical i>ovv4r. W | 1CM W e ascribe to Commerce the origin of- that ;tower 
which enabled the Carthaginians to carry on exten¬ 
sive wars and to inflict severe blows on the rising 
greatness of Rome. Fortunately for the latter, their 
contests did not begin until Rome hail extended her 
dominion over nearly all Italy, and possessed, in her 
citizens and allies, a population capable of speedily 
repairing the enormous waste of life sustained in the 
conflicts of Trebia, Thrnsymcue, ami Canute. Of the 
progress of the Carthaginians in the useful Arts our 
means of judging are extremely imperfect in consequence 
of the destruction of their Capital; but from the num¬ 
ber of their settlements, and the amount of their public 
revenue, there is reason to think that their productive 
industry must have been carried to a great extent: 
■while the proportion of eminent men in the direction of 
' their couucils and armies, affords, to a certain degree, an 
’ argument in favour of their institutions. The charges 
brought against the Carthaginians by Livy and other 
Homan writers, are to be received with considerable 
distrust. Had not this State been unhappily cut short 
ill its career, had time been given to it to improve the* 
National education, to extend and mature its Com¬ 
mercial undertakings, there is every reason to conclude 
that it would have proved a great example of the 


benefits arising from persevering industry, and have Commerce, 
materially conduced lo the advancement of general 
Civilization. 

Of Rome. . 

The situation of the Romans in respect to Commerce The Ro. 
was altogether different. Their military habits, and the mans 
want of a convenient seaport for their Capital, estranged "verso from 
them from naval pursuits. They constructed galleys for Navigation, 
the sole purpose of opposing the Carthaginians, and 
their frequent losses from tempests, consequent on the 
unskilfutncss of their mariners, reftdered them averse 
from augmenting their navy. In the I Id Punic War, 
the great operations were by land: hostile armies in¬ 
vaded .the heart of their territory, and the expeditions 
requiring shipping, wc rticau those to Spain and Sicily, 
were of subordinate importance. At the close of Ibis 
eventful struggle the power of Carthage was so much 
broken, and the dominion of Rome, first over Sicily, 
afterwards over Greece, became so absolute, as to give 
her the command of whatever naval power those Coun¬ 
tries possessed, and to make it unnecessary to augment 
her shipping at home. 'Ibis was still more the ease 
after the course of events hail added Asia'Minor, Syria, 
and eventually Egypt, to the Roman Empire. The 
whole of the coasts of the Mediterranean was now sub¬ 
ject lo one Power; no maritime district ventured to 
attack another; and piracy, hitherto u great annoyance 
to Navigation, was effectually checked. 

Such happily was the state of Roman Commerce during 
several centuries. An extensive trade was carried on 
between the Capital and the Provinces, in particular with 
Sicily and Egypt for corn; but the Government dis¬ 
covered no wish (o transfer to Roman citizens the 
management of the shipping thus employed; they left, 
it in the hands of its subjects at Alexandria and other 
remote seaports, because they saw no political motive 
for desiring its removal. The Imperial Rulers, strong 
in their military means, had no apprehension of any 
maritime city or district presuming. Ivy means ol its 
shipping, to resist their decrees; and they knew it to 
he impossible that a State so situated should cooperate 
with the uncivilized Tribes on the frontiers of the Em¬ 
pire, such as the Germans, Dacians, or Purthiaus, now 
tile only enemies of the II oinan name. 

This era of general Peace, particularly maritime N'mgition 
Peace, was favourable to distant voyages, so that the ‘to 
most cautious inquirer may now give his belief'to a 
Commercial intercourse between the Mediterranean and ° ■ !lll, i ie > 
the South of England, carried- o'n partly direct, partly 
overland through France. Such intercourse subsisted 
likewise with the German Tribes at the mouths of the 
Elbe and Weser, and, in a slight degree, with those in 
the Baltic, particularly in Prussia. In a very different m l to in- 
quarter, wc mean in the Red Sea nnd the I ndian Ocean, ''in¬ 
considerable improvements took place in Navigation, in 
consequence of mariners becoming acquainted with the 
monsoons or periodical winds of that part of the World. 

Taking their departure from the mouth of the Red Sea on 
the setting in of the Western monsoon, they no longer 
confined themselves to the slow, circuitous method of 
sailing along the shore, but stretched boldly across the 
Ocean to the coast of Malabar; .where, receiving their 
cargoes, they returned with the Eastern monsoon, so 
as to finish their voyage from the Red Sea to India 
and buck, within the year. The uniform direction of 
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Commerce, the wind supplied the want of the mariner’s compass, 
v— v —and enabled them to reach their' destined ports with 
little deviation. The number of vessels employed in the 
trade between the Red Sea and India was above one 
hundred ; and as, in those remote Ages, Europe could 
supply lew commodities useful to the natives of India, 
a yearly export of silver was required to purchase the 
homeward cargoes. The amount of specie thus sent 
-'from the West to the East is computed by Pliny at a sum 
equal to iC400,000<sterling a year; a considerable amount 
certainly, but far below that which might be inferred 
from the lofty tone in which Dr. Robertson and others 
treat the Commerce with India. 
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Of the Middle Ages. 

We have now traced the History of Commerce to the 
period (the middle and latter part of the Vth Century) 
when the Northern Barbarians made their way into the 
Homan Empire; into Gaul, Spain, Italy, and Africa. 
Tlie consequences, in a Commercial sense, were very un¬ 
fortunate, suspending in each of these Countries the 
free intercourse so long enjoyed under a common Govern¬ 
ment. The Empire was now divided into a number 
of separate an# unconnected Stales; Navigation became 
unsafe; the roads, made with care by the Romans, were 
neglected. The increase of the population of towns, 
the best evidence of the extension of productive in¬ 
dustry, was suspended. Many towns were plundered; 
others were subjected to repeated contributions-; pro¬ 
perly was unsafe under the control of rude and lawless 
invaders; manufacturers and artisans withdrew or rather 
fled with their families to places of safety. Hence the 
origin of Venice in a very singular position; (tie town 
being built on a collection of small islands, separated 
from the main land by shallow lagoons. It was thus 
protected from attacks by land, and, in some degree, by 
sea, as vessels above a certain size could approach the 
town only by channels, front which it was easy for the 
inhabitants to remove the poles or buoys which pointed 
out the intermediate sandbanks. The result fully jus¬ 
tified the confidence of the founders of Venice in its 
means of defence; for though its wealth soon became 
so extensive as to oiler great temptation to predatory- 
bands, it defied their violence, and never, until the 
present Age, saw a hostile force within its walls. 

Constantinople, in like manner, was long preserved 
amidst the general invasion of the Empire. Protected 
by its fortifications, it continued.an asylum for the pro¬ 
perty of merchants, a centre for the intercourse of the 
seaports in the Mediterranean and Euxiuc which still 
carried on trade. Its communication with Alexandria 
was maintained even after the loss of Egypt; and its 
traffic with Venice proved one of the main causes of the 
increase of that city. With India also it preserved in¬ 
tercourse to a certain extent, after the occupancy of 
Egypt by the Saracens had interrupted the usual chan¬ 
nel of navigation by the Red Sea. The route then 
adopted by merchants was very circuitous: goods were 
transported from the coast of Malabar to the Indus; they 
were made to ascend that river as far as was practicable, 
and thence carried by *land to the Oxus, down the 
stream of which they were conveyed to the Caspian Sea. 
After traversing that sea, the vessels entered the Wolga 
and sailed up its stream, until they reached the part ad¬ 
jacent to the Don: there thegoods were unshipped, car¬ 
ried by land to die banks of the Don, and embarked in 
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boats which proceeded to the month of that river in the Commerce. 
Eu&inc, where vessels from. Constantinople waited their v 
arrival. So long and expensive a conveyance was suit¬ 
able only to goods of which the value was great com¬ 
pared to their bulk; to silks, cottons, and spires, which 
have at ail times been the principal exports from India. 

Another and a much more direct route lor merchan¬ 
dise from India, was by sea from the coast of Malabar 
to the Persian Gulf, and thence up the Tigris to Bag¬ 
dad, or ip the less rapid stream of the Euphrates to 
latitude 31°. There the goods were landed and con- By Pal. 
veyed acioss the Desert first to Palmyra and afterwards n <y»~ 
from that city to the coast of the Levant. To this trade we 
are inclined to ascribe the extent and wealth of Palmyra; 
a magnificent city raised in the midst of Deserts. The 
chief objection to this route was the danger to the cara¬ 
vans from the Arabs; and as that hazard could not be 
removed in such a Country and underlie political cir¬ 
cumstances that ensued, the merchants trading with 
India gladly embraced the earliest opportunity of re¬ 
suming the former route; viz. from Malabar to the 
upper part of the Red Sea, thence by lund to the 
Nile, and dowyi that river to Alexandria, whence the 
merchandise found its way to many distant ports, in 
particular to Constantinople, Venice, and Pisa. 

Among the chief seaports in Italy during the Mid- Seaports in 
die Ages, Pisa, a place of great antiquity, took a lead, : I ’ lsa ‘ 
so early as the Xth Century. It was built on the 
banks of the Arno, not at the mouth of that liver, but 
about three leagues inland, a precaution often adopted 
in a rude Age, to avoid or at least to lessen the danger 
of attack from the sea. A rich and spacious plain 
surrounds the town, which is of considerable extent, its 
walls having a circuit of six miles. The Arno is here a 
full, majestic stream, dividing the town into two nearly 
equal parts: the quays are spacious, extending along either 
bank from one side of the town to the other. It iAd 
become a seaport of consequence before the Crusades, 
and like Venice and Genoa increased its shipping con¬ 
siderably at the time of those expedition*. The chief 
sphere of its Commerce was the M estem coast of Italy, 
the shores of .Sardinia, Corsica, and Sicily. It kept up 
an armed force of galleys, and held as a Commercial 
town a rank equal to Genoa, until the population and 
wealth of the latter increased in the Xlilth Century. 
Circumstances are now greatly altered; in the early 
pari of the XVth Century Pisa became subject to Flo¬ 
rence ; and Leghorn, being in the immediate vicinity of 
the sea, lias gradually absorbed the foreign trade of 
this pail of Italy. 

Genoa, in like manner, is a town of old date, having Genoa, 
been a p.lace of trade before the year 1000. and becoming, 
some time after, the Capital of an extensive territory ; 
the petty States around incorporating themselves with it 
for the sake of protection. Acting iu concurrence with 
Pisa, Genoa recovered Sardinia from the Moors, ob¬ 
tained subsequently several valuable settlements iu the 
Levant, and had factories or mercantile establishments 
at Constantinople for the deposit of goods imported 
from Asia Minor and India. She acquired also the 
Island of Corsica, and iu Sicily held Syracuse on account 
of its excellent harbour. This favourable career re¬ 
ceived, however, a check by a maritime war with 
Venice in the latter half of the XIYth Century which 
proved very injurious to both. In the next century 
Genoe- was disquieted by party contests among her pi in 
cipul citizen*. These were of long continuance, and had 
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Commerce, attained a great height, when, towards the beginning of 
s— “v^ / the XVIlh Century, Andrea Doria, so well known as a 
naval commander, found means to effect a reconciliation 
among his fellow-citizens. 

Genoa is favourably situated for trade, having a har¬ 
bour in the form of a half moon, above half a mile in 
diameter. It is enclosed by two strongly constructed 
moles, one on the East, the other on the West: it can 
admit vessels of great draught, and is protected from 
most of the prevailing winds. On the. land side, also, 
Genoa has considerable means of defence, the town 


privileges. A corresponding coarse was pursued about Commerce 
the same period in Germany, where the chief trading v— 
towns, such as Ulm, Augsburg, Nuremberg, and Frank- J» Ger- 
fort, were declared " free cities of the Empire.” In m * o y* 
Spain and England immunities were granted on a 
similar plan to the chief towns and villages; as was 
done somewhat later Scotland, in those days a very 
backward and thinly peopled Country. 

These Historical facts enable us to judge of the origin? ... 
progress, and eventual extinction of the Feudaj System. 

The leaders of the uncivilized Tribes which overthrew 


standing on the ascent of a hill the upper part of which the Roman forces, and occupied .successively the diflfer- 
is surrounded by a double wall: the outer wall is of ent Provinces of the Empire, rewarded their followers by 
great extent, and the inner has a circumference of no less extensive Grants of laud over which they ruled as petty 
than six miles. Viewed from the sea, the town and its en- Sovereigns, there being in fact hardly any other autho- 


virous present the form of an amphitheatre and have an rities .Military or Civil at a distance from the Capital, 
appcnruuce of great magnificence. The populat ion was theh almost wholly agricultural; the 

These Cities, together with Venice, were the chief villages were few iu number and the towns still fewer. In 


seajiorts of the North of Italy during the Xllth and the course of lime, particularly under Charlemagne, the 
Xlilth Centuries, when the North and West of Eu- population of towns and villages increased and a degree 


rope sent forth so many successive expeditions to the 
Holy Land. The rude warriors engaged iu these en¬ 
terprises, accustomed to see the lower, orders in the 
humble condition of serfs, and acquainted with hardly 
any buildings but a Baronial castle and its adjoining 
village, were struck with admiration at the regular 
streets, the intelligent population, and the numerous 
shipping of the Italian seaports. 

Townsen- The same superiority was manifest in the North 
franchised, and West, on a smaller scale, in a number of the inland 
la Italy. towns of Italy, which had by this time obtained their 
independence and formed themselves into communities, 
with a regular municipal Government. Some of the 
larger towns acquired their independent Constitution hy 
Grant or Charter from the Emperors of Germany, for 
which they paid, largely; others, at a less expense, by 
(irYCht from a neighbouring Prince; while a third class of 
towns, more distant from a controlling power, declined 
to acknowledge any superior, and assumed a Consti¬ 
tution of their own accord. 


of improvement took place; so that by the Xllh and 
Xllth Centuries a number of places bad become ca¬ 
pable of forming Corporations, awl desirous of having 
the management of their local concerns. By the Grants 
or Charters already mentioned, the Prince or Baron on 
whom the towns were dependent, conferred the rights 
which they desired; which, by exempting mercantile 
intercourse, from arbitrary imposts, gave security to pro¬ 
perty in transit, and proved highly conducive to the ex¬ 
tension of trade. 

The admiration excited in the Crusaders by the chief Constanti- 
towns of Italy, was felt in a still stronger degree at the iiuj.le: its 
sight of Constantinople, the only Capital which had ( '""merre 
escaped the ravages of the Barbarians. The Franks, as mat 1 
the natives of the West of Europe were termed in the 
levant, saw there a city on a great scale, having, as 
they described it, “extensive walls, lofty towers, superb 
churches, and splendid palaces.” “ Wc could not,” says 
a Historian of the Crusades, “ have believed that there 
was in the world a city so beautiful and so rich.” Con- 


In the K Of (he towns in the Netherlands, several bad by this 
therlauUa time acquired independence, and the example thus given 
in the two most improved Countries in Europe was soon 
In France, followed in France. There, the Sovereign reigning in 
the early part of the Xllth Century (Louis U Grot) 
set to his Barons an example of enfranchising all towns 
and considerable villages situated in the domain of the 
Crown * He abolished nil marks of servitude among 
the inhabitants of those towns and villages.empowcring 
them by Charter (charte At commvnault;) to form 
themselves into Corporations to lie governed by a Coun¬ 
cil and Magistrates of their own choosing. The Magis¬ 
trates were invested with the right of administering 
justice in the town and adjoining district; of levying 
assessments, and of training to the use of arms the 
militia of the town, that they might enter on service 
when required by the Sovereign. The example thus 
given in France by the King was followed by many of 
the Barons, who, - impoverished hy the Crusades and 
other expensive enterprises, gladly embraced an oppor¬ 
tunity of recruiting their finances by so easy a process 
as the sale of Charters to the towns within their terri¬ 
tories. In less than two centuries the towns in Prance, 
small as they in general were, became so many free 
Corporations, instead of places devoid of jurisdiction, or 

* See Huron*, ch. lxxiii. p. 615. 


stantinople, in the Xllth and XIHth Centuries, was 
still the seat of various manufactures, and carried on a 
considerable trade with foreign parts; with Egypt, with 
India by way of Alexandria, with Venice, Pisa, and 
Genoa. The intercourse thus maintained, hetween the 
Italian seaports and the Greek metropolis, during the 
Middle Ages, was one of the principal links by which a 
knowledge of useful Arts was preserved, and the pro¬ 
ductive industry of the Ancients connected with that 
of the Moderns. The Crusades had at least one good 
effect, that of extending national improvement and of 
impnrtiug to the unlettered inhabitants Of the West and 
North nn idea of the Civilization of life South and East 
of Europe. 

The increase of Venice was very gradual, and its nlti- Venice': ita 
mate greatness was the consequence, not; as is vulgarly gradual in- 
supposed, of any single cause, such us the trade with 
Alexandria lor India goods, but of the natural growth of 
population and capital in a prudently managed commu¬ 
nity. In the Xllth and Xlilth Centuries, the era of 
the Crusades, its power hud become such as to enable it 
to occupy several islands and maritime districts of the 
Greek Empire favourably situated for trade, in particu¬ 
lar the Ionian Islands, the Morea, and Candia. These 
remained long in possession of Venice, while on the 
main land of Italy she possessed the rich territory In 
which are situated Padua, Verona, andVicenza, as well 
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Cummctcc. as Friuli, a fertile and extensive Country to the East, and selling Government stock. Its origin was ns fol • Commerce. 
v ——/—ucquired about the yeat 1420. lows. The Government of Venice having found it *■ — —, ' 

In maim. The manufactures of Venice, though not extensive in necessary to borrow money from the piiblic Hank 
fact tires. anyone branch, were, as a whole, great from their va- and apprehending that it "would not fur many years 
riety; they comprised silks, lace, jewellery, stuffs of be able to repay it, adopted the plan of making ,t 
gold and silver, mirrors, and, to a certain extent, wool- transferable from one person to another. This arram>e- 
iens and linens. An enumeration of articles so different ment was judicious, and prevented loss or complaint on 
and so unconnected with each other, may seem strange the part of the creditors of the State; the value of the 
*o an English reader, accustomed to see a particular stock was maintained, because the credit of the Govern- 
munufacture conducted on a great scale, but confined to ment was good, and it found a ready sale on the Ex- 
the districts which are fitted for carrying it on by possess- change because the number of jrersons dcsiroti:, to por¬ 
ing local advantages, such as an abundance of fuel, an chase stock was fully equal to those who from time to 
extensive communication by water, or the growth of the time were inclined to sell it. This practice, adopted in 
raw material in the vicinity. But in former times cir- Italy so early as the XVth Century, was followed by 
cumstunccs were very different; a single manufacture the Government of Holland after the yeur'1600; by that 
would not have been worth following by many pej-sons of England not till 1688. These dates arc useful in dis- 
in one town, so small was the consumption in a given tinguishing the respective periods at which monied eapi- 
district, so difficult the conveyance of any bulky articles tal became abundant in each Country ; for the Govern- 
to a distance, lienee a multiplicity of manufactures were ment of each was, -we may lie assured, disposed to have 
established in one city, such as Venice, although the mute- recourse to this tempting expedient long before, and 
rials for them were not produced in its vicinity; they were was held back only by the limited means of their 
brought to it from various foreign ports, and collected subjects. 

on one spot, an advantage which, joined to the presence The population of Spain in the Middle Ages, though Spain: size 
of a considerable population and a consequent large scanty on the whole, was, to a certain extent, concentrated uflKiiowns 
supply of worMnen, outweighed tile cheaper living of in towns. This arrangement was necessary for mutual t, ’ v Mul 
Provincial towns, cut off, as the latter generally were, protection in the wars with the Moors; the open country u u * i ' fs ' 
from the requisite supplies, by want of capital, bad roads, being unsafe when hostile incursions were frequent, 
and insecure communication. and n town Wing the only fit station for the troops, 

Its policy. The form of Government in Venice was a' •■stdemo- (chiefly cavalry,) which were kept either to repel an 
cratie, but assumed an aristocratic character in the attack or to carry devastation into the Moorish ten Unrips. 

Xrillli Century, after extensive trade hnd caused the There are no authentic returns of the population of 
accumulation of large property in a certain number of Spanish towns iu the Middle Ages, but we can by no 
families. In regard to foreign States, the policy of Venice means agree with the writers who, like Dr. BoW-rtson, 
was generally pacific ; yet it had to sustain, in 1508, the lend credence to the traditionary reports of their magni- 
uttack of a form id able Coalition, named the League of tude. The task of rearing a litmily is in general so dif- 
Catnbray from the town in which the aggression was licult that, in the absence of correct returns, we may 
planned. Nor could Venice avoid taking a part in the safely take for granted that the progress of population 
repeated contests between France and Austriq, for the has been slow, except under peculiarly favouialile cir- 
ricb territory of Lombardy ; contests which were carried cumstances; such as those of a colony having both an 
on with great eagerness iu the reigns of the Emperor ample territory to cultivate, and a connection with an 
Chillies V. and of Francis I. The.condition of Venice old Country for a supply of settlers and the sale of 
at that time bore a considerable resemblance to that of its products. Such was the case of the Greek colo- 
llolland a century later. Pacific herself, her frontier nies in Ionia and Sicily, and such at present is the case 
was threatened by the struggles for the Milanese, a of the United States of America. Spain had no such 
Country not unlike Belgium ; and though feeble in native advantages.; neither hud she, like Italy iu the Middle 
soldiers, she was strong by the power of subsidizing; for Ages, an agriculture of old date, nor, like the Nether- 
hor Government raised money at very moderate interest, lands, the means of easy intercourse by water. Wlial- 
wliile powerful Sovereigns were obliged to pay a very ever we know of the History of Spain tends to show 
high rate, or to desist wholly from their attempted loans, that there, as in most Countries of Europe, population 
The naval force of Venice in those days consisted in increased very slowly during the Middle Ages ; and as 
galleys, anti was kept up to protect her trailers against there is very little truth in the alleged drain of her n- 
the Barbary Corsairs as well as to resist the attacks of habitants to America, the only safe inference is that in 
the Turks unCaudia, the Morea, and other territories in former times, as at prebent, Spain was thinly peopled, 
the Let ant. Her snrfacc is mountainous, and her agriculture often 

IN Bunk; The Batik of Venice, the earliest establishment of the sutlers from want of water; a want likely to be- .strongly 
t'h'T' , k‘ n d in Europe, and which has served as a model to so felt in times when, from deficient machinery, irrigation * 
hj'tun" "l*’ ,nan y Banks in other Countries, was founded in the was much less practised than at the present day. 

middle of the XHth Century. The merchants of the The trade and manufactures of the Spaniards appear to 
North of Italy, being the first in modern Europe who have been confined to the su pply of their ownwanN; their 
became considerable in trade, were the authors of piany foreign intercourse was \ery limited. Cadiz and Madrid, 
valuable inventions and improvements, such as the use now their chief cities, were in those days incotisideiable. 
of bills of exchange, and the practice of keeping niercan- Seville was of more importance,’but whoever examines 
tile books by double entry. To these was added a system, attentively the position of that town, the limited na\i:.i- 
fair in itself and beneficial so long a» it was followed in tiou of its river, or the general povcity of the times, ■ 
moderation, but the abuse of which has entailed a heavy must be satisfied that the reports of its former population 
burden on several Countries, above all, on England— and splendour were greatly exaggerated. Still more 
we mean the Funding Bystem; the practice of creating does this hold in regard to other towns, such as forNistty 
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Ovmmerca. Tarragona, Saragossa, Corrlova, and all of which there is 

—'v-"-'' reason to consider were of less importance in former Ages 
titan at present. 

The Hanse Towns. 

The Association of the Hanse Towns was formed in 
the XIHth Century, and subsisted above three hundred 
years. Its object was to provide security for mercantile 
property at a time when the different Governments of 
the North of liurope, stinted in their financial means, 
aud seldom guided by fixed rules, afforded such security 
in a very limited degree. The first point with the Con¬ 
federates was to icpress the seizure of merchant-vessels 
by pirates and the robbery of goods conveyed by land ; 
the next was to obluiu justice in regard to the claims of 
merchants in Courts of Law. In those rude times it 
was the custom to consider a stranded-vessel and her 
cargo as lost to the owners, and as having become the 
property of the Baron whose lands lay along the part of 
the coast on which the wreck took place. It was further 
customary, when a merchant died at a distance from his 
home, for the Magistrates of the town or district in which 
he died, .to put an arrest on his property, the removal 
of which became a matter of great difficulty. And if he 
died in a strange Country, indebted to any of the inha¬ 
bitants, it was not unusual with the Police to imprison 
the first of his Countrymen they could find and oblige 
him to pay the debt. 

Origin, The town which took the lead in forming this Asso¬ 
ciation was I.ubcck, the trade of which had become con¬ 
siderable in the Xllftli Century,chieily from its position. 
Situated at the South-Eastern point of the Baltic, it 
was the natural entrepot for the trade of Prussia, Poland,- 
aud Livonia with the North-West of Germany ; in the 
same manner as Hamburgh, from its ready access to the 
North Sea, was the fit port for communicating with the 
Netherlands and England. The distance between these 
towns by land being small, (only forty miles,) frequent 
conferences took place in regard to their inlitual inter¬ 
ests, and the result was their concluding a Treaty in the 
year 1241, by which the two cities bound themselves to 
use their utmost efforts for the protection of trade by 

Progress, sea and land. Brunswick, the chief inland town in the 
North-West of Germany, and connected in trade with 
both Hamburgh and Lubcck, was not long in acceding 
to the Treaty, and, in 1252, Deputies from each of the 
three met at Lubcck, where, among other arrangements 
■ of impotence, they took steps for establish ng factories 
in Loudofi and Bruges, as well as in a very different 
quarter, Novogorod in Russia. They assumed the 
• name of Haute, from an old German word signifying a 
Union or Association, and being, of course, open to new 
inemtx'rs, they were joined in the course of the next 
century by a number of cities and towns, such as Am¬ 
sterdam and other seaports in the Netherlands ; Dant- 
• zic, as well for itself as for the lesser towns in the North 
of Poland; and Cologne for the different trading places 
on the Rhine. Iu the XVth and XV'Ith Centuries, when 
the Confederacy may be said to have attained its highest 
point, the League comprised no less than sixty-four 
commercial towns, and was capable of asserting its rights 
by arms, by carrying on naval operations on a large- 
scale. Their power was repeatedly felt by their neigh¬ 
bours. Thus the passage of the Sound by merchant¬ 
men being under the control of (he Danish Govern¬ 
ment, which tried more than once to impose an arbitrary 
fell or tribute on the passage, the Hanse Towns equipped 


a fleet on each occasion, and obliged the Danes to desist Commerce 
from their claims. "'—►v'”*- 

Such were the motives for forming and maintain¬ 
ing this Confederacy; we come now to the causes 
of its dissolution. As Civilization diffused itself in und Decline, 
the North of Europe, and the different Governments 
made a* point of protecting trade, as welt by sea as in 
their respective territories, less exertion was required on 
the part of the Hanse Towns. It liecame evident also 
from the example of Holland, that trade prospered most 
when each seaport, or each mercantile district, was left 
to manage its own concerns, lienee a gradual relaxa¬ 
tion in the bonds of the Confederacy; so that during the 
last two centuries the name of Hanse Towns has been 
confined to Hamburgh, Bremen, and Lubcck. 

Tlyjse towns have still mercantile Consuls in London 
and elsewhere, but they arc occupied with the concerns 
.of their constituents only; not with those of the former 
members of the League. 

Of the trading towns in the North of Europe, the Bruges, 
most remarkable in that early period (the Xlllth and 
XIVth Centuries) was Bruges. In those days of im¬ 
perfect Navigation, to make a voyage from the Mediter¬ 
ranean to the Baltic and to return before the end of 
Summer, exceeded the ability of the (banner; hence 
the advantage of an intermediate station in which vessels 
arriving from the South might at once land nnd deposit 
their silks, wine, and other commodities, taking on board, 
in return, a cargo of the more bulky but equally useful 
products of the North. Bruges was fixed ou by the 
Hanse Towns for this purpose: its.situation was cen¬ 
tral ; the adjoining country was well cultivated and 
peopled; while the town, nearly twelve inilci distant 
from the sea, was beyond (he reach of piratical incur¬ 
sion. Bruges had no navigable river, but it was the 
point of junction of several canals, and the one leading 
to the sea was of ample breadth and depth. The extent 
of ground occupied by the town was great, but the po¬ 
pulation, perhaps, at no time much exceeded the present 
number, forty thousand, for, in consequence of unfor¬ 
tunate differences between the citizens and the Govern¬ 
ment of the Netherlands, much of the foreign trade of 
Bruges was transferred to Autwerp towards the close 
of the XVth Century, the time at which it was about to 
become greater than ever, because the mercantile inter¬ 
course of the North of Europe began then to acquire a 
great extension. • 

The large vessels which were now coming into use, Antwerp, 
and which required considerable depth of water, gave 
an additional value to so fine a port as Antwerp. The 
Scheldt is there much broader and deeper than the 
Thames at London, and there are ample means of inland 
communication Imth by that and other rivers. The 
XVItb Century was the time at which these advantages 
were turned most effectually to account. English mer¬ 
chants fixed their staple at Antwerp instead of Bruges; 
vessels repaired thither from the South as from the 
North of Europe ; the city walls were successively en¬ 
larged so as to contain the increasing population ; and 
the trjule ofJLondon lieing then only in an incipient 
state, Antwerp was, as regarded foreign intercourse, the 
most busy seaport in the North of Europe. Unfortu¬ 
nately her fair prospects were marred by political dis¬ 
sensions ; by the arbitrary, conduct of the Spanish Govern- 
mcntunderPhilip 11., and by the war that ensued,'leading 
in 1585 to the memorable siege and capture of Uie city. 

Many of the merchants then removed to Amsterdam, 
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Commerce mid directed thither their consignments of goods. And 
in the following century, when the war was suspended, 
and all was tranquil in the Netherlands, the Dutch 
haviug the command of both sides of the Scheldt, effec¬ 
tually prevented the revival of the trade of Antwerp. 

Uuiburg'i. Hamburgh, more fortunate than either of the above 
towns, has in general escaped an interruption of its trade. 
It was founded at an early date, and was originally 
little more than a fortress; but the advantage of its 
position brought it trade and population, as the Civiliza¬ 
tion of the neighbouring Countries advanced. Subject 
for a time to the Counts of Holstein, it gradually ob¬ 
tained an extension of its privileges, became virtually 
independent, and continued so after that I'rovince 
was incorporated with the Kingdom of Denmark. In 
the extent of its water communication Hatnbuqjh-niay 
be compared to a Dutch seaport. An arm of the 
Elbe forms there two harbours, erne on the East for 
boats, another on the West for ships. Another river, 
the Alster, forms beside the town a large basin resem¬ 
bling a lake, and within the town another ofless extent, 
which serves as a harbour. Though Hamburgh is 
nearly eighty miles distant from the sea, the communica¬ 
tion is easy oifeaccount of the great breadth of the Elbe. 
Tiie same cause facilitates the access from Hamburgh to 
the interior of Germany for several hundred miles. The 
ell’eel of these various advantages was to render Ham¬ 
burgh in the Middle Ages a port of considerable conse¬ 
quence, though by no means to be compared to what it 
afterwards became. Vessels from the South of Europe 
proceeded to Hamburgh as soon as tile improvement of 
Navigation made it unnecessary for them to shorten their 
voyage, by stopping at Bruges, as did ships from the 
Baltic, after the route by the Sound was generally adopted 
for the expo.it of Baltic produce. f/\ibcek remained, like 
Bruges, comparatively stationary, after the Will Cen¬ 
tury ; because the ehiefutility of both was ns intermediate 
ports, and the increased dexterity of mariners after that 
time enabled even distant seaports to open a direct in¬ 
tercourse with each other. 

The Netherlands 

No part of Europe has a stronger claim on the atten¬ 
tion of mercantile men than the Netherlands, in parti¬ 
cular the. maritime Provinces of Flanders, Holland, and 
Zealand. In* tracing the progress of Civilization, we 
have seen that the early improvement of Greece, that, 
wonder of ancient limes, was owing, in a great measure, 
to intercourse with more advanced Countries, and to the 
introduction of the useful Arts from Phconicia and Egypt. 
The revival of trade, manufactures, and general im¬ 
provement in modern Italy, the next great feature in 
Statistical History, is to be ascribed to various causes; 
to the continued intercourse of Italy with Constantinople 
and the remaining portions of the Greek Empire: to 
, the naturul fertility and consequent imputation of Lom¬ 
bardy ; to the degree of Civilization preserved through¬ 
out the Dork Ages,-in a Country so long the centre of 
the Roman power, and so superior both «n number of 
inhabitants and general cultivation to France and Spain, 
which were merely Provinces of the Empire. But the 
Netherlands had -none of these advantages : they had 
nt ho time been the seat of empire; their Government 
was. not better than that of the other Northern nations ; 
and surrounded by Countries which, in the Middle 
Ages, were very imperfectly cultivated and thinly peopled, 
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they could derive nn iushuction from their neighbours. Commerce. 
Yet the Netherlands took as remarkable a had in 
national improvement, when compared will! the ml pic, „t 
Countries, with England, Denmark, Frame, ami tin- 
many, as did Italy when compared with the u-t 
South of Europe. The origin ot this superioi itv is to he 
sought in Physical causes ; first, in the ease with which ' 
alevel surface and an alluvial sod may he , uhivaled : and 
next in the means of transporting bulky goods aloti" 
canals, or such great rivers as the Sehel.lt, the Mae-e, 
and the Rhine. 

First as to cultivation. Of the ease with which a Uvel Tlair ?ur]y 
surface and an alluvial soil may be cultivated, we have cultivation, 
a variety of examples, both in ancient mid modern fhis¬ 
tory. it is thus that we can account for the productive¬ 
ness of Egypt, of the part of the Venetian territory 
adjacent to the mouths of the I'm and the Adige, as well 
as of many level tracts in very distant paits of the 
World, as in Bengal along the banks of the Gauges, in 
Guiana on those ot the Esscquebo, the Demer.iry, or the 
Surinam. Without quitting our .own Country, we may 
find many examples of easy cultivation and abun¬ 
dant produce in the fens of <'amhridgcshiie and Lin¬ 
colnshire, which have been reclaimed by draiuage during 
tiie present Age. Flanders being a Country of similar 
description, we need go no further to account tor its 
early fertility and the density of its population ; the latter 
was reinaikable, hist in the open cuunirv and in 
villages, afterwards in towns, at the head of which vveie 
Bruges, Ghent, and Antwerp. 

The next advantage of Flanders and Holland wasTteiri.avi- 
tilt 1 ease with which tril bulky commodities, such as corn, g-d'le liver* 
w ood, coals, and turf, could be conveyed from one part to auJ 
another. In most Countries of Europe thoie ate con¬ 
siderable distances between the mouths of great rivers: 
the Hutnhcr is icmote from the Thames; the E'i)e 
from the Weser; the Charente troin the Guiouue. 

Rut in the Netherlands llu-sc great inlets are both 
numerous and compuiatively near to each other; they 
consist of the different embouchures of the Scheldt, the 
Mnese, and the Rhine, each opening into n distinct 
part, of'the Country. Next, as to canals. In a soil 
both level and devoid of rocky substances, it was easy 
to excavate canals, and the consequence was, that the 
advantage of such communications was enjoyed in the 
Netherlands so long as four or five centimes ago, a 
time at whi^h canals were unknown in almost every part 
of Europe, except Lontbardy, ami when neither France, 

England, nor Germany could boast of e.nri.ige roads. 

In those Countries commodities could bo conveyed in 
no other manner than on the backs of nudes and m 

horses; and each district was, in a degree, confined to 
its local resources, at a time at which Flanders and Hol¬ 
land had easy means of transporting the most bulky 
articles. 

Of these Provinces, the lead in agriculture was takm 
by Flanders, the soil of Holland being in those times, 
ns at present, too damp tor tillage, and being, in conse¬ 
quence. laid out chiefly iti pastille. Manufactures were 
established at an early date in the tow us til' both Pro¬ 
vinces, partieulaily in those of Flaiideis. lint in Navi¬ 
gation a decided priority belonged to Holland and Xe.i- 
lartd, admiraoly adapted as both Provinces aie for ready 
access to tiie'sea. Hence extensive fisheries, lir-i on 
their own coasts, afterwards at a distance in the North 
Sea; hence also a coasting-trade extending, even in an 
early Age, to Hamburgh in the North and to i’icardy 

jt 
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Commerce. a nd Normandy in ihe West. As the seamen gradually 

'■“"■V"*'"' became more skilful, their voyages were prolonged on 
the one hand to the Baltic, on the other to Portugal and 
the Mediterranean, '['he Dutch thus became in the course 
of time tile naval carriers of the North ot Europe ; other 
nation^ abstaining in a great measure from that which, 
with llieir deficient means and ignorance of seamanship, 
would have been a hazardous and even perilous employ¬ 
ment. It is a curious fact, that two centuries ago, 
Wentworth, Earl of Strafford, when appointed Lord 
Lieutenant of Ireland, and auvious to proceed from 
Wales to Dublin, was obliged to wait until a ship of war 
from the Thames came round to convey him anil his 
suite across the Irish Channel. There were in those 
dnys'no Government packets, and no English merchant- 
ships suitable for such a purpose; the trade between 
England and Ireland being carried on almost wholly in 
Dutch vessels. 

Chief Ports. The chief seaports in the Netherlands in those times, 

as at present, were Amsterdam, situated near a great 
inland water called the 2luyder Zee ; Donlt and Rot¬ 
terdam, situated near the mouths of the Rhine nnd 
Maese; Antwerp, Middelburgh. Flushing, on the banks 
of or near the mouth of the Scheldt, Ghent is an in¬ 
land town, and like Bruges, did not adjoin any great 
river or maritime inlet, but it communicated with tlie 
sea by a wide.canal. Dordt is considered one of the 
moat ancient seaports in Holland, and has been noted 
during many centuries for its trade in timber, sent down 
the Bhine in floats, and applied in Holland to a variety 
of purjjoses, to the building of ships and boats, as well 
as to the work of carpenters, joiners, and other mechanics. 
The timber of the growth of Holland is not large ; 
hence it receives vast importations from Norway and 
the Baltic, as well as from the forests adjoining the Ilhine. 
Rotterdam owed its increase to the facilities for inter¬ 
course afForded by the Maese, the Leek, and the maritime 
inlets to the Booth; but it was greatly surpassed by 
Amsterdam, which became to the North of Europe what 
Carthage in one Age, and Venice in another, had been 
to the Countries of the Mediterranean. 


Hi»eof Am- Without adjoining any great river, Amsterdam had 

sterdam. access to the Rhine by a canal, and by the Zuyder Zee, 
to almost every part of the Country bordered by that exten¬ 
sive wa'ter. In early Ages, when vessels were small, and 
seamen were averse from long voyages, a ready access to 
an inland sea was of importance, and rendered Amster¬ 
dam the most commodious port in Holland for shipping 
from the Kins, the Winer, and the Elbe, as well as from 
the coast of Jutland. The disadvantage of shallow water 
in tlie approach to the harbour of Amsterdam, is felt 
only by large vessels: it was of little importance in an 
Age - when merchandise was couveyed in vessels or 
rather barks of light draught. Hence the early and 
progressive increase of ibis city, notwithstanding its 
occasional insalubrity, and the great expense of build¬ 
ing on ground where, from tlie insecurity of the founda¬ 
tion, the houses must he erected on piles. Amsterdam 
was n place of importance so early as the XII Ith Cen¬ 
tury, having been one of the first seaports to join 
Lubeck and Hamburgh as a Hanse Town ; it continued 
to increase during the XlVtli, XVth, and XVIth Cen¬ 
turies, and had become the most eligible place of settle¬ 
ment tor the merchants of Antwerp, wheii the capture 
of that city in 1585, and the oppressive conduct of the 
Spanish Government, led so many Flemings to forsake 
their homes. The following century (the XVIItb) was 


the prosperous era of Dutch trade, and a very great 
proportion of it, whether with the Baltic, the Mediter¬ 
ranean, or the East ludies, centered in Amsterdam. 

It does not appear that the early prosperity of the 
Netherlands was owing to their form of Government or 
Civil institutions. Flanders, Holland, nnd East Fries¬ 
land were for many Ages governed by Counts or Earls, 
having, like other nations of German origin, a kind of 
Parliament under the name of States. These three 



Provinces had during the Middle Ages little political 
connection, and were occasionally in hostility with each 
other. In the XVth Century, however, an end wss put 
to such collisions, each Province becoming, by the'inter- 
mnrriage of the ruling families, subject to the House of 
Burgundy. Maximilian of Austria having married the 
heiresw of that House, acquired her rich possessions, 
which afterwards passed fo the Emperor Charles V. That 
Prince, born in the Netherlands, had naturally a predilec¬ 
tion for his Country, and passed various edicts to advance 
Commerce and consolidate the uniou of the Provinces. 


lie did not, however, discover much respect for their 
political privileges, or much solieitud*' to lighten iiie hvi - 
dens brought on them by his incessant wars. A similar 
conduct, pursued with less judgment by lps gloomy mid 
bigoted son, Philip 11., produced tliese parutiou of the 
Dutch Provinces, and a contest between them and Hp-iin 
during more tliun half a century. 


Before concluding our notice of the Middle Ages, it 11 , r ,-.l 
seems til to explain in what manner the inhrlmiu.t.s <;i n-ii-s mil 
places so pacific in their policy as the Coinmercia 1 towns 
of Italy, became connected with warlike Sovereigns, and t’j* 1 . 1 Vi'uuVio 
rendered themselves auxiliary to tlieir enterprise . \VV 
read in History, particularly at th.: battle of Ore") in ]i iImus. 
1346, of Genoese archers, by whom w< arc to under¬ 
stand not natives of Genoa., or trnoj - mi * 1 e seivicc of 
the Republic, but military mer.cimr'-- Ic -icd in the 
adjoining Country, in consequence of a compact or 
Treaty with the French nr other foreign Government,-.. 

Kings hail in those days no standing armies, and to 

form disciplined troops from among the peasantry o! 

their dominions was a tedious and difficult task but in 

a city containing such a number of artisans as Genoa, 

arias were readily supplied, and combatants soon e-urn- 

forward where theie were capitalists able and w illing 

to contract for their services. Italy wav in fact remark- 

•ible in the Middle Ages for her bands of Coiidu/lirri , 

or hired troops. A similar explanation is applicable to 

the Flemings or Walloons, so often mentioned among timings. 

military levies in the Middle Ages. Flanders, without 

beiug more warlike than the neighbouring Countries, 

was the. only part in the North of Europe which at 

that time had either brisk traffic or a dense population. 

It had accordingly tho means of supplying not only 
arms,.but men far more dexterous in their use than tlie 
rustic followers of a Feudal master, whose time of ser¬ 
vice seldom exceeded forty days j for there was hardly 
a battalion of soldiers on permanent duty in any King¬ 
dom ia Europe before the year 1500. 

The Swiss .formed the third class of hired combat- Swii*. 
•ants in the times of which we speak, but their, services 
were given under circumstances very different from the 
Italians and Flemings. Their mountainous territory 
could boast of neither Commerce nor large towns; their 
population was spread oVer the open country, rad, in. 
consequence of their poverty, discharged the obligati*, 
which every citizen owed to the State, not by paying 



87 


COMMERC E. 


V 

Overland 
fi .iff jc fiuin 
It.llj’ to 
<iYtiiiaiiy. 


Commerce, taxes, but by performing militia service. Hence there 
were in Swisseriand many more men trained to arms 
than were required for the national defence ; and hence 
also arose a readiness in the Governments of the different 
Cantons to transfer to foreign Governments the services 
of their Countrymen on certain terms, which it was usual 
to embody in a Treaty, or, as it was technically styled, a 
capitulation. 

It remains that we give an- example of the rude 
mode of conveying merchandise by laud in the X Tilth 
and XIVth Centuries. The trade of Venice with the 
.Levant became considerable about the time at which 
Augsburg, Ulm, Nuremberg, and other towns in the 
interior of Germany were increasing their population 
am! traffic. The result was a considerable intercourse 
between Italy and Germany by*land, which was carried 
on across the Alps, chiefly by Trent and lnspruck, 
through a Country too mountainous and rugged for car¬ 
riage-roads, and in which,consequently,the merchandise 
was con ,-cyed on the backs of mules and horses. This 
mode ot transport was expensive, even "in those days of 
low wages and cheap provisions, because the weight 
borne hy thes^animals on their backs, being hardly a 
fifth part of that which they can draw on a carriage-road, 
in; tty hundreds of them were required to convey the 
c.u tM. of a small vessel. It is a similar want of carriage- 
io'ii!-. which nt present narrows the intercourse with 
M.ah • and other parts of Spanish America. Mules and 
itoi .iw ate cheap in Countries possessing extensive pas¬ 
tures, ’mt their power of carrying being limited to three 
or fimr bundled weight for each animat, the expense can 
! e ! oi..e only by articles of. value, such as cottons, fine 
( wooi! us, tv cutlery. The cost of conveyance being 
,i.ii- high tlii time of which we are now speaking, the 
ttaific oioss! ■■ i, , was confined to valuable merchan¬ 
dise. m,( h r . tV- It.s, .he cottons,and thespices of India, 
or the ji *v, llory of A einee. Heavy articles, such as oil 
ii.nl wine, were con.eyed by shipping from Italy to 
l?t u c rs. 


The want of carriage-roads was general throughout 
l'.mnpe in the Middle Ages; almost nil inland traffic 
wits carried on in the maimer we have mentioned by 
liiM'-is of burden, proceeding along tracts which hardly 
deat r\ ed the name of roads, licing lit.le else than bridle¬ 
paths. The non-existence of an effective Police, and the 
means of concfalinent and escape alFordcd to robbers by 
t'...- extent of fv,rests, marshes, and uncultivated lund, 
ntatle it necessary for mercantile dealers to afford protec¬ 
tion to each other, and to travel in parties or companies, 
in the mannerof an Eastern Caravan. To this must be 
added, the difficulty in holding » mercantile correspond¬ 
ence, for it isnolmore than two centuries since the Govern¬ 
ments of even the most improved part of Eurojie began 
their Post-office establishments. If besides these various 
disadvantages we consider the inefficiency bf machinery, 
- we shall find reason greatly to modify the popular notion 
of the general cherpness of commodities in the Middle 
Ages. Wages were low; and country produce, such as 
corn, wool, and cattle, were to be had for little money ; bit* 
the finer manufactures, or whatever required a combina¬ 
tion of capital and skill, were in reality dearer than at 
present: they cost, it is true, a very small sum when 
purchased with silver, but a great deal when, exchanged 
for labour or raw produce. 

Such was the state of productive industry in Europe 
during the Middle Ages ; rude,, backward, nud inefficient 


in every Country except Italy and the Netherlands. But Commerce, 
'wc are now about to enter on a brightercra ; on the disco- v «r Y -^ ' 
verics and improvements which, slowly as they operated 
hail, in the course of two centuries, the efTeel of producing 
a great extension of navigation: the result of which was 
the discovery of America, and an import from that pint 
of the World of the precious metals, attended with a re¬ 
markable effect on the Commerce and stale of Society in 
Europe. 


Improvenitnts in Navigation. 

The discovery of the Mariner’s compass, or of the pro- Discern ry of 
perty of the magnetic needle, which makes it point steadily the Mar.- 
to the North, was made about the year 130'2, by an inha- "Wscoin- 
bitant of Amalfi, a seaport in the Kingdom of Naples. 

Tftis discovery relieved seafaring men fi'om the necessity 
of guiding their course by uncertain marks, such as the 
aspect of headlunds by day, or the often interrupted view 
of the stars by night. The use of the compass, conse¬ 
quently, became general, and tended materially to facili¬ 
tate voyages in the established lines of mercantile in¬ 
tercourse, but it was long before it extended the range 
of Navigation. So backward were the merchants and 
mariners of that Age, anti so slightly were they ani¬ 
mated by the spirit of enterprise, that half a century 
elapsed after this discovery, ere navigators ventured into 
unknown latitudes, and even then they advanced at a 
very tardy rale. The Mediterranean had long been ex¬ 
plored, and the Atlantic had been sailed over to a high 
Northerly latitude; the region now to be visited was 
the Western const of Africa, and the task of doing so ft II 
to the Spaniards and Portuguese : not that either People 
could boast of much progress in seamanship, but because 
of all the nations of Europe, they were, in point of situ¬ 
ation, neatest to the Country in question. The Vene¬ 
tians and Genoese, superior as navigators, were compara¬ 
tively remote from Africa. Still more so were the Dutch 
and Flemings. Aided by the compass, the Spaniards now 
ventured to proceed to the Canary Islands, about two 
hundred leagues from their own shores, while in Portu¬ 
gal a regular plan or discovery was formed with the sup¬ 
port of Government. As yet the Portuguese vessels had Piwgwss . f 
ventured no further South than Cape Non, oil the coast P'"ti.g'iese 
of Morocco ; their next effort, which in the present Age na " Lr ‘ l11 '" 1 ' 
it would be ridiculous to call an effort, was to double 
that Cape, and to leach Cape Bojador, which was known 
to be about' sixty leagues to the South. That being 
accomplished, two small vessels were some time after 
equipped for the purpose of doubling Cape Bojador, 
anil proceeding further Southward : they were sailing 
slowly along’ the shore, according to the timid practice 
of the Age, when n squall of wind drove them out 
to Rea, and led to the discovery of Madeira. That 
island, situated in the Ocean nt a considerable distance 
from any coast, became the object of repeated voyages 
on the part of the Portuguese, and accustomed them by 
degrees to a bolder Navigation in the open sea. In the 
course of years they discovered the coast of Africa so far 
as the mouth of the Senegal anti the Cape tie \ ertl 
Islands, which being within fifteen degrees of the Line, 
was a sufficient distance to the South to prove that the 
Tropical regions were not, as had been vulgarly supposed, 
uninhabitable on account of heat. The further progress 
of the Portuguese, however, was very slow, there being a 
general impression tiiat little Commercial advantage 
could be reaped from intercourse with Countries su 
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Commerce, remote, and situated in so hot a climate. At last, in ' 
s—■v—' 1 the year 1484, a flotilla, fitted out for the purpose, per¬ 
severed in navigating the coast of Africa, along the 
slums of Guinea and Congo, advancing no le^s than 
one thousand five hundred miles to the South of the Line. 
A few forts were then Lmilt on the coast of Guinea, and 
settlers were sent out to them from Portugal. The 
great inducement to persevere was the hope ol reaching 
India hy the South of Africa ; a hope now strongly con¬ 
firmed by the figure of the coast ot Africa, which from 
the mouth of the Gambia recedes greatly in an Eastern 
direction, as if to point out a route to the Country so 
long and an\iou-ly sought after. Another flotilla was 
now fitted out, which stretched boldly towards tile 
South, four hundred leagues further than the preceding, 
bul meeting with a succession of tempests, was obliged 
to ietiiiii wirhout doubling the Cape of Good Hope, 
which tiiev saw, and to which, from, the weather they 
had i \peneneed, they at first gave the name of Cape of 
Tempests This took place in 11SG: several years 
elapsed before fitting out another expedition : at last, in 
1 FJ7, Vasco di Gama succeeded in sailing round this 
formidable promontory, and accomplished a voyage to 
India, the years after Columbus had effected the disco¬ 
very of the West Indies anil America. 

Trale viih lu India, the Portuguese found a Countiy of consi- 
Iml. i t-y deralile population and trade; less wealthy, indeed, 
the C..; e i.f than had been pictured in the imagination of ardent 
tool II 'i'c. adventureis or credulous merchants, but sufficiently so 
to form a basis tor extensive exports to Europe. Most 
of these were now directed to Lisbon, the voyage round 
tile Cape ot Good Ifo[ie. difficult as it wits to the navi¬ 
gators of tiio.se days, being much less tedious and expen¬ 
sive than tl.c route by the Red Sea, Alexandria, and 
Venice. lJul America was in a very dilfereut condition 
from India ; it was uncultivated anil .almost unpeopled ; 
eobtdining no manufactures and little raw produce in a 
state for use, the consequence not of deficient ferti¬ 
lity, but of the natives being incapable, of preparing it 
lor sale, or bringing it to the coast to lie shipped. Ages 
elapsed before the influx of settlers from Europe, anil 
the increase of the native population rendered the ex¬ 
ports of merchandise from America, her coffee, sugar, 
miloti, cochineal, or indigo, of importance to the Com¬ 
merce of Europe : the chief effect produced during the 
century following the discoveries of Columbus, arose 
from a dilfereut cause; from the increased supply of 
gold and silver. This subject is of great importance in 
a mercantile sense, and has u claim' to lie investigated 
with minute attention. 

Supply of Gold and Silver from America. 

The Countries occupied by the Spaniards during the 
thiity years lollovvmg the diMoveryof the West Indies, 
were St. Domingo, Cuba, Porto ltico, and other islands 
in no way remarkable for the supply ol the precious 
metals. At last, in 1521, they obtained possession of 
Mexico, and began to bring considerable supplies of 
silver into Europe. The amount of these was greatly 
increased after 1515, hy the produce of the rich mines of 
' Potosi in Peru. It is thus about three centuries since 
the import of silver from America began to be sensibly 
felt ill Europe; and it seems fit, with a view to mark 
the extent of the supply at different periods, to divide 
dial time into three equal periods. To begin with the 
century that elapsed 


Prom the year 1530 to 1030. At first about half a Com mere*, 
million sterling of silver appears to have been added to 
the currency of Europe from the mines of America an- From 1530 
niially; after which the quantity increased progressively, *° 1 r ' 3 ®- 
so ns to form, towards the close of the period, nil addi¬ 
tion of about two millions ynnunlly; the whole forming 
an augmentation of metallic currency to the extent of 
about one hundred millions sterling in a hundred years, 
or an average of a million annually. This is, in sub¬ 
stance, enntoriuable to the estimate of Mr. Jacob, in bis 
valuable publication, On. the Precious Me.Uds, vol. ii. 
p. 7(1. LSI ; after making a suitable deduction for the 
proportion of the produce of the mines conveyed to India 
or used in Europe tin- plate, ornaments, or manufactures. 

We now come to the second period ; to the hundred 
years which intervened 

From 1(130 to 1730." The produce of the American lfiSOto 
mines continued to increase largely during this century, 1 
but as the export of silver to India, and its use in plate, 
ornaments, and manufactured articles, was far greater 
than before, the remainder, forming the addition to the 
currency of Ent'ope, ought not to lie computed at more 
than a million and a half, or two millions annually. 

From 1730 to 1830. The course of- circumstances 1M0 to 
continued for many years the same as before : the mines 1330, 
increased in produce, but the export to India was main¬ 
tained, and the consumption of silver in plate, wati lies, 
gilding, received a great extension; so that the yearly 
addition to the metallic currency of Europe appears to 
have been on an aveiage ucai ly as in the liinner ecu- ' 
fury ; viz. from a million and a half to two millions 
annually. II tin's addition was so ncuriv uniform, how 
are we to at count tor the leinarkable fluctuation in pi ices 
which has taken place in the last I'oity wars? we meaifc 
their continued lise until lSl t. and their continued tall 
since that dale, 'file answer is, that these lluelualions 
hud little connection with the suite of the Ameiicau 
mines; they were the consequence of the alternations 
of War and Peace throughout Europe ; and, in-England, 
of the emission and contraction of Hank paper. 

It thus appeals, that during the fust hundred years j>u, 0 
after 1530, the yearly addition to 1 lie metallic currency price of 
of Europe from the American mines, averaged about a cninmwli- 
miilion sterling a year; and in the succeeding two e’en- ,Ka ' 
turies between a million and a half and two millions 
sterling a year. So large un increase of the circulating 
currency had necessarily a great effect on the prices of 
commodities in Europe; but the degree of that effect 
has in general been loosely staled and greutly exaggerated. 

Since it is of great importance to ascertain ns correctly 
as possible the extent of the Esc of prices ot different 
enoclis, vve shall, as before, divide the time that lias 
elapsed since 1530 into three equal periods ; beginning 
with the century 

From 1130 to 1630, According to common tradition From 1530 
and belief, the rise in the price of commodities in the to lfitW. 
course ol these hundred years was enormous; not less 
than in the proportion of five to qne, five hundred pounds 
being required in 1630 to purchase the various articles 
which'a century before might have been bought lor one 
hundred. And that, too, not from alteration of the 
coin ; for such is asserted to hnve been the advance in 
prices, after making allowance for the diflerent degrada¬ 
tions of the coin on the part of Government during 
the period in question. Such is said by contemporary 
writers to have been the rise of prices, not only in 
England, but in France, Spain, Italy, and as far as 
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Commerce, there arc records, in all the maritime parts of Europe; 

all parts, in short, which, from participating in foreign 
trade, were affected l>y the augmented supply of the 
precious metals. And so far as regards the price of 
corn, the rise appears to have been very great, whether 
we judge by the returns from our markets from year to 
year, or by the successive Acts of Parliament w hich regu¬ 
lated our corn trade during the period in question. Thus 
the export of wheat from England was allowed by the 
* Act of 

. 1562, when the homo price was at 10 .?. per quarter. 

151)3. . .20s. 

1604 .2(5.?. Rtf. 

1623.32s. 

1656.4Os. 

• 

This exhibits an advance in life remarkable proportion 
of four to one in the course of a century, but such evi¬ 
dence is to be received with great qualifications. The rise 
appears to have applied chiefly to our maritime districts, 
to the vicinity of seaports, where, on a rise of prices 
abroad, it was easy to buy up and effect an export of our 
corn. Cn the inland Counties there was, from the want of 
roads, a very limited intereour-e in so bulky an article : 
each district sttyplied its own wants ; corn was commonly 
paid for by barter or by lubour ; a mode of transacting 
which was little alfected by the state of markets in the 
Capital and seaports. The abovementioned rise cannot, 
therefore, be considered to have been general either in 
England or on the (’outincut, three-fourths of which 
were at that time little influenced by maritime inter¬ 
course, but conducted their traffic on the primitive plan 
of barter. In those parts the price of corn varied much 
less. 

Next in regard to the rate of payments for other pur¬ 
poses. The rise in the wages of labour during the With 
Century, though very considerable, was by no means in 
proportion to the rise in the price of corn : the same dis¬ 
tinction held in regard to manufactures, whether woollens, 
linen, hardware, or leather, the cost of which, in those 
times ot deficient machinery, depended mainly on the rate 
of labour. These form very important deductions front 
the alleged list- in the proportion of five to (me. amf jus¬ 
tify us in materially qualifying the assertions of an Age 
in wliieli there were few Statistical returns and a con¬ 
siderable disposition to ‘exaggerate. The point to be 
ascertained isjhe advance not merely in corn nnd other 
exportable produce, but in inainifactufes, house-rent, 
wages, and the other constituents of family expenditure 
taken collectively and computed together with ihc cost of 
provisions. Now, reckoning in this comprehensive 
manner, wc consider that in the hundred years from 
1530 to 1630, the late of advance did’ not exceed two 
to one ; that is, -C200 in the latter year would have suf¬ 
ficed to c fleet the purchases or pay the services which, a 
century before, might have been obtained for J?100. 

We come now to the second century of the influx of 
silver from America, viz. 

1730 l<> From 1630 to 1730. During this period there was 
‘ also a rise of prices, but in an inferior degree. It took 

place chiefly in the wages of labour and in articles of 
which the cost depended principally on labour. Coni 
did not rise either in England or in France, hut there 
occurred in most other branches of expenditure an 
advance which rendered the rate of housekeeping and a 
provision for a family more costly by nearly a fourth 
Ulan in the preceding century; so that towards the 


cn.l of the period, the average, rate of prices may be Commerce, 
considered as in the proportion of five to lour compared >_ ■ - 
with the rate at its beginning, i*250 being required 
in 1730 to put chase the commodities which, in lfino' 
might have been procured for X‘ 200 . 

This brings down our calculation to the last ( ,f u, c 
three periods; to the century that intervened 

From 1730 to 1&30. During thirty year* of this 1730 to 
peiiod prices were neaily stationary ; alter 1761 they l«3b. 
rose progressively, blit not rapidly; after 1795, and par¬ 
ticularly alter 1797, the era of the Bank rostnetum, they 
advanced m a ratio beyond all example ; but after tsI t 
they fell with equal rapidity, so that the result of all 
these fluctuations is, that in the present year the price of 
a number of commodities taken collectively is greater 
than it was a hundred years ago by little more than a 
fifth, the cheapness of manufactures forming a counter¬ 
poise to the rise in corn and other raw produce. 

The advance of prices in' the XYJlIth Cciftury ap¬ 
pears thus to have been in neatly the same ratio as in 
the WIlth. 

The result of the preceding estimate is, that a given Summary, 
amount of labour, provisions, raw materials, and manu¬ 
factures, which might have been purchased in England 

about (he year 1 ?3Q for £l 00 in money, 
appear to have cost in 1630 200, 

in 1730 • 250, 

in 1830, or the present year 300. 

It is very remaikable that the rise of prices in the 
first of these periods should have, exceeded so much 
that of the second and third, although the supply of 
silver from the American mines continued to increase 
during the whole time. This is a very *nice question, 
and it few remarks on it may tend to throw light on the 
state of trade and manufactures in Europe in the 
With Century. . * 

The effect of War and of a large Government expendi- Rise of 
lure, as has been strongly proved in the present Age. is "‘the 
to cause a considerable rise of prices. This effect is pin- 1,11 C ' t ’ n ‘ 
duccd in various ways: first by the direct addition to ^ 
tjie cost of an article from the* imposition of a tax on it; 
next by the increase in the rate ofMrcight and other 
charges on intercourse ; lml far more than ail by with¬ 
drawing men and capital from productive to unproduc¬ 
tive employment; from Agriculture and Manuiactuies to 
military purposes. Jn the X\ 1th Century the belli¬ 
gerent Powers on the Continent wore Spain, France, and 
Germany ; the scenes of their operations Mere Italy and 
the Netherlands. The rise of prices having boon as 
great in those Countries as in England, a part of .hat 
rise is, doubtless, to be attributed to War ; for this was 
the time at which the principal Governments of Europe 
increased their armies; when our Henry YJ 1 I. anil 
Francis I. of France indulged their chivalrous projects ; 
and when the more deliberate ambition of Charles V. 
and Philip 11. of Spain kept the fairest portion of Eu¬ 
rope in colftimicd agitation. All this led to an increase 
of public burdens, and to ail advance in the price of voiii- 
moditics, but not in a degree comnie.iisnrate with the i i-e 
in prices which actually took place. Thecentiiiy that fol¬ 
lowed was still more marked by expensive Wars and 
augmented burdens, being the time at which the aagn s- 
siouB (if Louis XIV. roused all Europe against Fl mee, 
and when the military establishments of that Cuuntiy. as 
well as of England and Holland, were doubted and 
tripled ; yet the rise of prices was by no means guat as 
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Commerce, in the XVIth Century. The latter must, therefore, have 
been increased by peculiar circumstances, the chief of 
which doubtless was the limited field on which the sup¬ 
plies of silver from America for some time acted. 

The field for the use of silver was limited in this 
manner : the population of Europe being in those days 
chiefly iural, and too poor to make use of silver, that 
metal was current only among the inhabitants of the 
Capitals, the seaports, and a certain number of inland 
towns. Now all these places were then far below their 
present scale both in numbers and property. The follow¬ 
ing Table may tend to bring the question to issue, by 
conveying a view of almost all the towns entitled to be 
considered as in any degree the seats of trade and 
manufactures in Europe, three centuries ago. 


Chief Toicn* in Europe in the XVIIth Century. 
. Italy. 


Rome. 

Turin. 

Naples. 

Parma. 

Venice. 

Padua. 

Genoa. 

Verona. 

Milan. 

Brescia. 

Florence. 

Cremona. 

.Bologna. 

Pavia. 

Pisa.' • 

Mantua. 

Sicily. 


Palermo. 

Catania. 

Messina. 

Belgium. 

Antwerp. 

Louvain. 

Ghent. 

Tournay. 

Bruges. 

Lisle. 

Brussels. 

The Dutch Provinces . 

Amsterdam. 

Haarlein. 

Rotterdam. 

Utrecht. 

Dordt. 

Groningen. 

Leyden. 

Middclburg. 

France. 

Paris, 

Rouen. 

Marseilles. 

Metz. 

Lyons. 

Troyes. 

Nantes. 

Avignon. 

Bourdeaux. 

England. 


liondnn. 

Coventry. 

Bristol. 

Plymouth. 

York, 

Newcastle. 

"Norwich. 

Germany. 

Hamburgh. 

Ratisbon.* 

Bremen. 

Leipsic. 

Lubcck. 

Dresden. 

A Ilona. 

N uremberg. 

Brunswick. 

Augsburg. 

Cologne. 

Munich. 

Frankfort. 

Wurzburg. 

Aix la Chapelle. 

Vienna. 

Meritz. 

Prague. 

Strasburg. 

Berlin. 


Switserleml. 

Basle. 

Geneva. 

Spain. 


Seville. 

Cadiz. 

M adrid. 

Granada. 

Barcelona. 

Saragossa. 

Valencia. 

Carthngcna. 

Malaga. 

Portugal. 


Lisbon. 

Oporto. 

The, Bailie and Norway. 

Copenhagen. 

Stockho]in ( 

Danly,ic. 

Konig-cberg. 

Riga. 

Gottenburg. 

Bergen. 

Russia. 


Moscow. 

Novogorod. 

Iviow or Kief. 

Poland .. 


Warsaw. 

Wilna. 

Cracow. 

Turkey. 


Constantinople. 

Adrianoplc. 


Sulouica. 

Such were in those clays the principal cities and 
trading towns in Europe; the places to which the silver 
imported from America gradually found its way, and 
gave a stimulus to productive industry, to mechanics, 
manufacturers, navigators. Adjacent to most of these 
places was a considerable district cultivated in a manner 
less rude than the Country at large: the peasantry had 
there rttained the rank of tenantry, amt were enabled, 
by their intercourse with the towns, to pay their rents 
in money, while nine-tenths of their brethren scattered 
ove^ the. Provinces, were almost strangers to the use of 
silver, and could pay their lent no otherwise than in 
labour or produce. 

What, it may be asked, was. the collective amount of 
population in the various towns which we have enume¬ 
rated and the neighbouring districts ? It appears to have 
been in all between four and five millions ; but to these 
are to he made two considerable additions: first the 
lesser towns, whether maritime or inland, in which 
there were half-yearly or yearly Fairs; and the much 
longer list of burghs or petty plnces in which there were 
weekly markets, and which, poor and thinly peopled as 
they were, have a claim to consideration in our estimate, 
because silver was, to a certain extent, their circulating 
medium. Adding the population of all these places 
ami their surrounding districts to that of .the Capitals 
and larger towns, we may consider the result us exhi¬ 
biting the total of the European community among 
which silver, at that time circulated. The number 
seems in the earlier half of the XVIth Century to have 
been. below ten 'millions; while In- the latter half of 
that period it may have amounted to betweeu twelve 
and fifteen millions, among whom, and not a greater 
number, the silver from America appears to have been 
distributed. 

Though the numbers we have thus assigned to the 
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Common*, various towns of Europe and their adjacent districts are 
'-"■V - "*'' not a fourth of their present population, they will be 
found large when allowance is made for the total differ¬ 
ence of the limes. In the XVIth Century country work 
was so rudely managed, the ploughs, the tools, and 
implements of husbandry, from scarcity of iron, were so 
({elective, that in every part of Europe so many as eighty 
persons in a hundred were necessarily resident in the 
country, the labour of thall great proportion being indis- 
'pcnsable (o raise subsistence for the community at large. 
There were then, as we have shown, very tew roads-, 
and consequently few draught-carriages, for corn, 
woo), and other protfuce were conveyed on beasts of 
burden. Now such conveyance, being both difficult 
and expensive, was considerable only in the neighbour¬ 
hood of towns: in country parts, that is, throughout 
nine-tenths of Europe, each h&inlet or district was 
obliged to supply its wants from its local resources, 
scanty as they were: traffic was carried on by barter, 
and the only metallic currency was copper. All this 
shows that we must beware of judging in any degree of 
our farmers and peasantry of former times by those of 
the present Age. A better criterion will be found 
among the peasantry in the East of Europe, in Poland, 
Hungary, Hussut. There, even at present, the privations 
are great; the mode of living extremely rude : silver is so 
little used in paying cither wages or rents, that most of 
the labourers are without the means of buying woollens 
or manufactures of any kind; they are obliged to pro¬ 
tect themselves from the cold of winter by a covering 
of sheep or lamb-skins.* 

Improved Condition of Agriculturists. 

Such in the XVTth Century was the stute of the pea- 
. sentry throughout Europe with the exception of certain 
districts'in Lombardy or the Netherlands; or in the 
vicinity of such Capitals as London and Paris. Money- 
rents were very rare; they arose in process of time out 
of the improvements which productive industry received 
from various pauses, above all from the increase of town 
population and the augmented supply of silver from 
America. This may be best explained by a reference to 
the. present Age, in which wc have had n very striking 
example of the invigorating effect of a continued rise of 
prices on farmers, merchants, ami the productive classes 
generally. • Afltr 1797, that is, after our Banks were 
exempted from paying their notes in cash, money be¬ 
came abundant; and the check on the expenditure of 
Government was removed. Provisions, arms, clothing, 
shipping, were required on a scale of unprecedented 
amount, and all were furnished without difficulty, 
because the steadily continued supply of money-gave a 
general stimulus to the productive classes. Our growth 
of corn being insufficient for our consumption, prices 
rose year after year and the circumstances of fanners 
• improved, particularly in such parts of the Kingdom as 
Norfolk, Northumberland, Scotland, in which long leases 
are customary. Hence an increase of capital among the 
better class of tenants, and a beginning of capital 
among those who till then hardly knew *what capital 
was. Similar to this was the course of circumstances 
among the tenantry of England, during the long reigns 

* #• a valuable book lately published On lie Rent of JjtmA and 
Duiribulhm of Wealth, by the Rev. Richard Jones. See also Mr. 
MttcuUbdlV Cornmeedat Dictionary, head of Fkr TYadc. 


of Henry vilt., Elizabeth, and .Tames I.; prices were In Commerce, 
general on the rise, and our agriculturists experienced v-—-' 

a progressive improvement of their circumstances. This 
improvement proceeded, it is true, very slowly compared 
to that of our farmers during the memorable twenty 
years from 1794 to lsl4; but in one very niaterinl 
point our ancestors had the. advantage ; they stul'ereil 
no reaction ; the capital they acquired was preserved 
and handed down unimpaired to their sons and grand¬ 
sons, prices continuing to rise during more than a cen¬ 
tury, and afterwards maintaining the advance that had 
taken place. For silver continued to come in, and the 
population of our towns, in other words the number of 
the consumers of country produce, was regularly on the 
increase. 

The effect of an improvement in circumstances 'so 
long and so happily maintained, was to change the more 
active part of our peasantry into yeomanry ; into tenants 
able and willing to pay their rents by money instead of by 
the primitive mode of labour and produce. This change, 
beginning with the districts adjoining the Capital aful 
the larger towns, extended itself gradually over the 
more distant Counties'during the XVIth and XVIIth 
centuries,-adding largely to the national wealth, and ex¬ 
tending the held for the circulation of silver. Jlolin- 
shed, adverting in his Chronicles to the scanty portion 
of silver circulating among our farmers about the year 
1500, “says, “If one of them did cast down his purse, 
and therein six shillings in silvpr, it was very likely that 
all flic others present could not lay down so much 
against it.” Now it is no exaggeration hi assume, that 
in the hundred and fifty years which followed the date of 
this anecdote, the proportion of English farmers who 
paid their rents in money, and who in their buying and 
selling transactions made use of gold and silver, in¬ 
creased tenfold. A similar, though by no means an 
equal improvement of circumstances took place among 
the agriculturists in various districts of the Continent; 
ip the vicinity of Capitals, seaports, and the larger inland 
towns. On the Continent there was also a regular in¬ 
crease in the number of the consumers of country pro¬ 
duce, distinct from agriculturists; in mechanics, manufac¬ 
turers, the professional classes, and other inhabitants of 
towns. In Holland this increase was rapid during tile 
XVIIth Century; in France, Germany, Spain, and the 
vicinity of the Baltic, it was slow, but in steady pro¬ 
gress. The labour of husbandmen became more effi¬ 
cient ; their tools and implements were improved ; a 
given number were able to raise a greater quantity of 
corn and other produce. The result of the whole was 
a surprising increase in the number of persons, whether 
in town or country, among whom gold and silver circu¬ 
lated ; so that a yearly supply from America of two mil¬ 
lions sterling was far less felt in Europe in the XVIIth 
andXVIIIth Centuries, than one million had been in the 
XVIth. 


Havihg now explained the rise of prices, it remains Mvro.mfile 
to add a few remarks on the mercantile intercourse of 
Europe with America in the XVIth and XVIIth Celt- 
tunes. This was long on a small scale, because the r ; ca ' 
thinness of the-population in America restricted both 
the supply of produce from that Country and the demand 
fbr manufactures from Europe. The mode of conduct¬ 
ing the trade was this. The silver sent from America to 
Spain was for account partly of the Spanish Government, 
but mpre for that' of Spanish merchants connected with 
MesdEff and Fern. It was landed at Seville or Cadlr, 
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Cjmi'-icc. whence the portion belonging to Government was for- 
warded to tlie Treasury at Madrid, while the Minis re¬ 
mitted for account of individuals were delivered to the 
niereliants. On the purl of the Government, these 
periodical supplies were distributed anil expended in the 
purchase of amis, clothing, the pay and subsistence of 
troops : on the part of the merchants, in the purchase of 
quicksilver for extracting the silver from the ore at the 
mines, of clothing and tools for the mining wotkmeu, 
of machinery, and of various manufactures required in 
Mexico anil Peru. Countries in which the Al t of manu¬ 
facturing was almost wholly unknown. Italy and the 
Netherlands were the only Countries which had manufac¬ 
turing tow ns of importance: other pails of Europe par¬ 
ticipated in the trade directly, sending to these a supply 
of raw materials. England, at that’time too little ad¬ 
vanced in the weaving of woollens to send abroad 
cloth, felt the benefit of the American trade in au aug¬ 
mented export of wool to the Netherlands ; in the'same 
manner as the iron tnincs'iu the North of Italy increased 
theii supply i f that material to Milan and Hrescia, 
which weie noted lor their manufactures of hardware. 

The Trade of Holland. 

K, tension From the influx of silver from America, the promi- 

XYMth nellt feature in our sketch of the XV’lth Ceulury, we 

Century. * urn lo 'bat which most strongly marked the XVIIth, 
the extension of the trade of Holland. ^No- subject is 
more interesting and instructive than the Commercial 
prosperity of a Country, so limited in its extent and ap¬ 
parently so little favoiued by Nature': in no pari of the 
World shall w e find a more striking example of the ■ 
triumph of assiduity and perseverance over Physical 
obstacles. And first as to the causes of this prosperity. 
The progress of productive industry in Holland appears 
to have been as follows. The vicinity of so much water, 
ns well along the, coast as in the great maritime inlets, 
led to extensive fishing on the part of the inhabitants, first 
for their own supply, and next for sale to their neigh¬ 
bours. At the same time, the repair of the dikes and 
other works required to preserve so low lying a Country 
from the irruption of the rivers and high tides, produced 
habits of regular labour; while, in the third place, the 
practice of navigating the great rivers and the adjacent 
coasts, gave the Hutch a knowledge of seamanship rare 
ill the Middle Ages in any part of Europe, except 
Italv. The Dutch were thus enabled ta become the 
naval carriers, first of the North, afterwards of the 
South of Europe, nut only conveying to a distance the 
products of different Countries, such as the corn, the . 
flax, the timber of the Baltic, ttie wool of England, the 
wiiv's of France, the oil and fruits of Spain and Portu¬ 
gal ; but engrossing the coasting trade of most of those 
Kingdoms. Such was the situation of the Hutch about 
the year 1570, when the intolerance of Philip 11. of 
Spain led to those Civ d troubles which ended in Holland 
and the adjacent Provinces withdrawing from his yoke, 
and forming themselves into a separate State, under the 
name of the Seven l nited Provinces. From that time 
forward the Hutch added to their Physical advantages 
the still greater blessing of good Government. Having 
suffered greatly from Religious Persecution, and seen 
how much the public welfare is injured by it, they 
opened their Country to oppressed foreigners; and no 
solicitation of foreign Powers could ever prevail on them 
to withdraw their protection from such refugees. Tole¬ 


ration in Religion was accordingly complete in Holland, Commerce, 
at a time when in other Countries it was enjoyed very *’• 

imperfectly, or not at all: while in regard to the admi¬ 
nistration of justice, a strict impartiality'was observed 
between natives and foreigners, lienee the influx into 
Holland of a number of valuable settlers, first from 
Belgium and France duringthc persecutions for Religion; , 

afterwards from Germany during the Thirty Years’ War ; 
and, in some degree, from England in the Civil troubles , 
under Charles I. 

• So early as the Xllltli Century Amsterdam and other 
Dutch seaports were of suflii'ie;it importance to be 
members of the Hanseatic body. Towards the year 
1500 the shipping of Holland had so increased that 
three or four hundred sail were regularly employed 
in the Baltic trade, performing commonly two voyages 
a year each. An equal number appeal's to have been 
engaged in intercourse vvitb France, England, aud Spain. 

Before the year HiOl) the shipping of Holland was 
further increased, and still more in the course of the 
XVIIth Century. John de \\ itt, who guided theailhirs 
of his Country so long and so ably, stated in his printed 
Works, that in the twenty-seven years which intervened 
between life Peace with Spain in 1(513 jnd the time at 
which he wrote, i'i;. 1070, the trade and navigation of 
Holland had increased one half. Tfiis period was fol¬ 
lowed by long mid ex|HMisivc*\Vars with France, involving 
a heavy addition to the taxation of the United Provinces, 
and augmenting the wage.-, of labour in ft very injurious 
degree. Still their institutions weie so good, the advan¬ 
tages of the ample capital and tried industry of the in¬ 
habitants were so substantial, that their Commerce 
continued long to stand its ground, in the year 1700 the 
mercantile navy of England amounted by un official 
return to 1201,000 tons; the seamen to 27,000. Of 
those of the Dutch we have no regular account, but it 
is probable I nut their numbers were fully double those 
of England, hull in seamen and tonnage. 

The Government of Holland never listeued to the Causes of 
false doctrine of endeavouring to raise or manufacture at *' s 1 ,,1>S * 
home articles which they could obtain at. a moderate P erl, P 
price from abroad. The poverty of their soil was in 
some measure the tuu,-e of this judicious policy and of 
their extended navigation. They considered it no dis¬ 
advantage to part with monty to buy corn in Germany 
or in the Countries of the Baltic; nor did they ever 
stimulate a home manufacture by bounties. The trade 
in corn was always fjrce, and in consequence, so long as 
two centuries ago, Holland was considered a depot for 
the occasional supply not only of England, France, and 
other, neighbouring Countries, but of Portugal and 
Spain ; for the warehouses of Amsterdam, according lo 
Sir Waller Raleigh, generally contained seven hundred 
thousand quarters of corn, none of it of the growth of 
the Dutch Provinces. 

If we analyze the causes of the Commercial prosperity 
of England, we shall find them to be partly Physical, 
partly Political. Among the former are our length 
of coast, pur easy communication by water, the abun¬ 
dance of oqr coal aud iron mines, and the vicinity 
of these mines to navigable rivers. Of our Political 
advantages, the chief have been the early introduction 
' of the Reformed Religion, the check of the legislative 
on the executive branch of Government, and during seve¬ 
ral centuries a succession of Princes exempt, in a great 
measure, from a 'mania for War. llollumt could boast 
neither of mines nor of a fertile soil: but in communica- 
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Commerce, lion l>y water her advantages wire still greater than those 
s—-v*""*- ol England. She early enjoyed the blessing of the (to- 
formation, and possessed in her States or deliberative 
Assembly, a direct though not til wavs an elicvtual check 
on the executive hianeh of Government. 

'■Deciiia Such were the causes of the extension of (he trade of' 


X 


Holland. We come now to the revere ol the pic¬ 
ture—to its decline. That dated from tin- early pail 
of the WHllh Century, anil had made eoie-hierahlc 


progress before 17.it). Of thisvhsties: mg change the 
The Causes. cause was neither deviation from sound policy on the 
part of <.iovcnuncut, < uor relaxed industry on that of the 
people, hut the pressure of heavy taxation, and the in¬ 
sufficiency of the resources of the Country to meet its 
burdens; first the sums required yearly for its defence 
against the sc% and next the Much greater payments for 
the interest of the debt ineiiru.il in its Inug-continucd 
Mars. In that respect the lot of Holland had been par¬ 
ticularly severe. She was oppressed in the first instance 
by Spain, assailed in the next place by England under 
Cronfwell and Charles II., anil finally obliged to resist 


the unprincipled ambition of Ennis AJV. dining throe 
successive \\ urs ; olforls by far too great for so small n 
State. . 


Further causes of the decrease of Dutch navigation 
may he found in the inipiovemeitl of other Countries, and 
in the measures of their respective tioveriimeuts for ap¬ 
propriating to their own subjects fust their coasting 
trade,and afterwards their getieiul import and export hnsi- 
iii‘ v s. .Ship-building and seamanship, Arts little under¬ 
stood in the North of Europe during the Will and With 
Centuries, had now become familiar to the inhabitants 


of the maritime districts of England, France, Denmark, 
and the North of (iermany. in all those Countries the 
Governments took steps to carry on their fnteigii trade 
by direct voyages,anil to avoid the circuit of the Nether¬ 
lands. Entrepots were no longer necessary when a 
knowledge of navigation had become general, and the 
quantities of produce to be conveyed were so great as 
to make it expedient to fetch them from the Countries of 
their growth. 

But the trade of Holland, though reduced as regarded 
Emopo, was still vcry r considerable to India and the 
West Indies until<tlie latter pmt of the WlIIlli Cen¬ 
tury, when the contests with England, partly after 17 l -0, 
during our first American War, but much more .liter 
the occupatiorPof Holland by the French in I'lt.'i, led 
to the most unfortunate results: to the loss of the 


Dutch colonies, the continued suspension of tlu-ir navi* 
gatiou, and a great depression of their, funded propcily. 
To these were added, after 1810, the anti-commercial 
edicts of Bonaparte, so that iu the latter years of the war 
the Country was plunged into the greatest distress. 

The return of general Peace ill 1815, and the prospect 
of its long continuance, rev ived the courage of the Dutch, 
and led them to resume, in some degree, their Commer- 
• cial activity. Without flattering themselves with a re¬ 
turn of their former prosperity, they have good grounds 
to hope for a lair share of the trade of Europe. The 
Rhine and the Muese are now more important than ever 
as inlets iuto the neighbouring Countries, the difficulty 
of ascending them being greatly lessened by steam navi¬ 
gation ; while in the maritime Provinces, Ihe continued 
level of the soil is very favourable to the conveyance of 
bulky goods by land as well as by water. Great im¬ 
provements have of late been made in the public roads, 
and that which in England is now sought at so heavy a 
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charge, a smooth unb-.'.-i. found in Ib.iV. t„l almost C-armt-rcc. 
without expciwe. Add i.> this, that the *- dm- ^ 

coteries ol the Age piuim-v !u he. beneluv.d to lt,,il.md, 
by lessening the in- ivy expeu-.e attendant on ! < i ., 
position. The strength of her dikes mily he in- ,, 
bv planting roots w Inch iu other Countin' ,n,-;,,i id 
give tenacity to a sandy soil ; while the sin |>ri-mg im¬ 
provements lately made in England iu ia : mg c.-iter |,v 
steam ci-gines, cannot lad to ly* of service ui ( , mMi-v 
bo liable to siiifer-froni water overflow in;; a: id o hi*mhim" 
stagnant our Ihe •-.urf.u-e. 


Comuu'ir - ></' ErgLiwl 


Eng! Mid was emi-iderably later than Holland orl'I-.oi- 
ders in arriving at l ’ommcrcia! ciiiiiient--. Liuler W'lil- mi 
the C.’onqucn-r, the Public revenue appears to have been 
between i'11Kl,Utiti and A'20U,Ull() a year, arising less from 
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li 
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taxes than from the itoyal demesnes. The population of ti s u. I - (».». 


England, vvliicn at the time .of the Conquest hardly ex¬ 


ceeded a million, incicased in the course of the succeed¬ 


ing three centuries to somewhat more than two millions, 
such being the amount according to the census taken by 
order of Government in 1877, the last, year of ttie reign 
of EJvvaid ill. The people were scattered in cottages 
and hamlets over the open country, or rather over those 
portions ot it that wcie cultivated, for in tho-e days 
marshes, forests, and heath--- covited a vuv large extent 


of our territory. Tliu-vi’dagcs, lor tliev v.iie too ui-i.-,- 
uificaiit to be i-.illed towns, iuci-eascd their population 
very slowly. The pastures both lor sheep and huge 
cattle were extensive the chief export from the King¬ 
dom was wool, and tlu atiiomit sent ahioad varud lion 


X‘100,000 to .i'd.'jD.tXtU a year. This evpoit look place 
chiefly to Flanders, and, m a small device, to France, 
Spain, and Italy Loudon was tlu* cincl sin-, pmg port, 
and the English of those days being un.icquaint..d vvuiP 
the t'onlinenta’i Languages, our foreign trade was con¬ 
ducted chiefly by foreigncis residing in London ; i<t. 
Flemings, Italians, and Frenchmen. Business in bul¬ 
lion and coin was long carried on by Jews, but alter 
their expulsion, iu the reign of Edward L, that important 
branch was taken up. by Italians from X eniee, IVa, and 
Genoa, who were all called Lombards, and who gave 
their name to the street so well known a- the chici n-aort 


of our Hankers. 


.Most part of the foreign trade of .England m the 
Middle Ages was conducted by Companies : individual 
capitals were scanty, and a joint stock was indispeu-a- 
lile to repair any coiisidciubh: losses arising from snip, 
wreck or holmes. The vessels employed ill our foreign ( ,,, , 
trade were chiefly Dutcii and Italian: those in the g.uh- 


cousting trade were English, but they were lew in num¬ 
ber; for our towns were then too small to need any 
great-supplies of timber, coal, or other articles generdty 
brought by water. The coal-works at Newcastle now 
so interesting a part of our mineral treasures were 
wrought on a very small scale tiil utter the yis.r l.'MO, 
for the fuel in common use tluoughciit England was 
wood, a great part of the country being roveivii with 
forests, foals, when first hi ought to London, were 
used (as they are at present ui France) only by smitli'. 
distillers, soap-boilers, and other niumilaeliiiers; not mi 
dwelling-houses, the smoke being considered injurious 
to the health of a l.imily. That prejudice coiumned 
during scvotal centuries; hut when it w.-s at la-t ie- 
moved, the stipenoiily of coal as fuel, jound to the 
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scarcity and high price of wood, rendered its use quite 
general in London, ami greatly increased the shipping 
employed in our coasting trade. 

The fisheries were carried on at an early date in the 
Channel, as well as on the Eastern coast, and contrilmted 
to the extension of several of our seaports, such us 
Plymouth, Yarmouth, Colchester, Lynn. 

The wars with France, waged l>y our Edwards and 
Henry's, were very injurious to our productive industry, 
but Civil wars are far more so than foreign contests, 
whatever may be the expense of the latter. In this 
manner the long struggles between the Houses of York 
and L me.ntcr in the Wth Century greatly checked the 
progress of our population, agriculture, and manufac¬ 
tures ; keeping the nation in a great measure from 
reaping advantage from our extent of coast, our navi¬ 
gable rivers, and our mines of coal and iron Happily, 
those limes of strife and bloodshed were succeeded by 
a very long- period (more than a century ami a half) of 
domestic quiet. This repose, together with the bom fit 
arising from the early introduction of the Reformation,* 
and a course of government, which, though very ilitlerent 
at different times, was, in the main, judicious, enabled 
the Country to recover from its misfortunes, and to 
establish its agriculture and trade on a solid basis. 

The reign of Henry VII. afforded almost the first 
example of useful laws enacted in regard to the national 
industry. Until then, the power of purchasing laud had 
been confined in England,ns it is at present in Hungary 
and other half-civilized Countries, to men of a certain 
rank; but a double blow was now struck at Feudal 
usages, for while by one Act of Parliament landholders 
were enabled freely to dispose of their estates by sale, by 
another tin* compulsory services of the peasantry were 
lessened rfr commuted for a money payment. Naviga¬ 
tion, too, now began to take a wider range, and voyages 
were performed by English vessels to a considerable 
distance ; to the Baltic, Spain, Portugal, and Italy. Still 
our intercourse with those Countries was small com¬ 
pared to that with Flanders ami Holland, which were 
sufficiently advanced in Commerce to purchase our 
wool, hides, and other raw produce, supplying us in 
return with a variety of manufactured articles. 

During the reign of Elizabeth the regulation of our 
Commerce was committed to Cecil, a prudent, impartial, 
and, so far as the state of information in that Age per¬ 
mitted, an enlightened Minister. He was very ready to 
grant exclusive privileges for various branches of foreign 
trade, such as that to the Levant, the llaltic, Africa, and, 
lastly, to the East Indies. Such u course, however 
coniruiy to our present impressions, was unavoidable in 
an Age when individuals hod little capital, and when, 
without au assurance of ultimate advantage, they would 
have been neither able nor willing to incur the expense 
attendant on .the outset of almost every mercantile settle¬ 
ment in a foreign Country. * 

We pass on to the latter pari of the XVIth Century, 
a time at which England had enjoyed a hundred years 
of internal peace, ami had reaped her full share of the 
benefit arising from the influx of the precious metals 
from America. Our towns were still small, and the in¬ 
habitants lived chiefly in the country, in villages and 
hamlets, but their situation, compared to that of their 
forefathers, was amended in various respects. . The 
amount of the yearly exports and imports had increased ; 
and so also hud the personal corpfort of nil ranks, in loud, 
clothing, and lodging. The ■ dwellings of the middle 


and lower classes, from being little else than sheds or Commerce. 

cabins of wood, wen* constructed, at least such of them v - "-' 

ns were new, of stone and brick. This was the era at 

which floors were substituted for thb Imre earth hi the 

lower part of the dwellings, and glass became generally 

'used in windows in lieu of the horn and lattices of 

ruder times. 

During the XVlIth Century, the Western or maritime The 
part of Europe reaped the advantage of former dis- 
coverics, and extended "its navigation both to India and ■ l 
America. The chief share of this Trade fell to # the L ’ 
Dutch, whose situation might lie .compared to that of 
husbandmen practised in (he labours of the field, and 
ready to enter on the opening harvest, as they were 
much more advanced in navigation and productive 
industry generally, than either the French or English 
of that Age. There was, however, a continued, though • 
very gradual, increase of our mercantile tonnage, and a 
strong desire on the part of the Public to enlarge it at 
the expense of our Itutavian rivals : hence our celebrated 
Navigation Laws.* ! 

So early as the reign of Henry VII. there were passed Our Navi- 
Acts of Parliament enjoining that, certain commodities lotion 
from abroad should be imported only it* English ships, b.wrs. 
manned l»y English seamen. Half a century later, in 
the reign of Elizabeth, laws were passed to exclude 
foreigners from our fisheries and coasting trade ; but it 
was in 1G.) 1, and under the influence of Cromwell, that 
the principal Navigation Law was enacted. Its chief 
dispositions were as follows. 

Merchandise of the growth or manufacture of Asia, 

Africa, or America, to be imported only in English ves¬ 
sels, of which the master and chief part of the crew arc 
English. 

Merchandise of the growth or manufacture ofEuropc 
to be imported into Great Britain only in British ships 
or in ships belonging to the Country in which the goods 
were produced. 

Such was tlie substance of the Act of 1651. In 
1662 it was in some degree modified, ami the injunction 
to import ill British ships was confined to certain arlieles, 
called on that account “ enumerated articlesbut these 
comprised all goods that were bulky, or of importance 
with a view to freight, such as corn, timber, hemp, flax, 
wine, spirits, sugar. 

These laws effectually prevented the Dutch from 
acting the part of naval carriers between England and 
gtliei Countries, and necessarily increased our mercantile 
tonnage, the amount of which was raised from 95,000 
tons in 1660, to 190,000 tons in 1688. 

Our North American colonies, in particular New Trade with 
England, Virginia, and Maryland, considerably increased NorthAmc- 
tlieir population and trade in the latter part of the ?» ,- * 
.XV Hin Century. The shipping then employed in our Ck u le *' 
intercourse with them, though very different in size, was 
equal collectively to about 200 .vessels of 200 tons each. 

There was an increase elso in the trade of,our West 
Indian Islands, the chief of which at that time were Bar* 
badues and Jamaica. With ull these colonies our prin¬ 
ciple of intcitourse was monopoly for monopoly: wc 
required them to receive their manufactures wholly from 
us, and to send to England in the first instance almost 
all the produce they exported; while, in return, we 
opened to them our market of consumption, and im¬ 
posed high duties on similar goods when brought to us 

* Bee that head in our Mucillanmui Dititmi, 
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Commerce, fn.yn other parts. Thus the flax, hemp^and ship-timber 
imported Into England from the Baltic: were subjec t to 
duty, while the same artieres from North America wen: 
duty free ; the culture of tolmcco at home'was prohibited, 
in order that our market might be open to the tobacco of 
Virginia. On the other hand, we required that the rice, 
sugar, and other produce of our colonies destined for 
the Continent bf Europe should be sent in the first 
place to England. The ‘colonists were allowed to hold 
direct intercourse only with the Countries South of Cape 
Finisterre, viz. Portugal, Spain. Italy, the Levant; which 
not being manufaclftring Countries were not likely to 
_ compete with us in the supply of finished goods. 

Trade will: Towards the latter part of the XVHth Century, our 

Spanish manufactures having acquired a certain degree, of ex- 
' tension, there took place a considerable export of them 

to Cadiz, lor the supply of Mexico and other Spanish 
colonies. To this was, some time after, added an ex¬ 
tensive contraband traffic carried on between those colo¬ 
nies and our West Indian Islands. .The Spanish Govern¬ 
ment exacted a duty on all manufactures imported into 
America, and was very jealous of intercourse between 
their colonists and Europeans; but it was found im¬ 
possible to prA-ent smuggling along a coast of such vast 
extent, and within the reach of such active navigators as 
the English. The occasional rencounters between our 
contraband traders and the guardcKoslaa, or Custom¬ 
house vessels of the Spaniards, led to repeated conflicts, 
and were one of the chief causes of the destructive war 
between the two nations, which began in 173ft. 

With fVrtu. Portugal lieing in close alliance with England, our 
n.il and trade with that Country mul her colonies was open and 
br.uii. unshackled : they bought, from us quantities of woollens,' 
hardware, and other manufactures, giving us in return 
wine, fiuit, and occasionally gold from Brazil. 

Wall India Tlie nature of cnir East Indian trade differed mate¬ 
rially from that to North America or the West Indies. 
We mude uo attempt to colonize India; our expot ts to 
it were less in merchandise than in silver ; our returns not 
in produce but in calicoes, silks, and other light manu¬ 
factures. Of these, the half at least was re-exported to 
the Continent of Europe, their consumption in England 
being subjected to a heavy duty, in order that we might 
preserve our home market for our own manufacturers. 
Acta of The reigns of Elizabeth, James I., and Charles 1. 
1 ‘adiumeut had been thoiera of monopolies and exclusive grants; 
trade!'*’ *° bu *. und « r Cromwell many of these were abrogated. 

This was a natural result of the progress of trade : the 
capital, intelligence, and enterprise of merchants having 
increased, it became fit and even requisite to open to 
them the field of competition in business. Unfortunately 
in the next reign, (that of Charles II.,) Government lent 
itself to the urgency of otir manufacturers and their 
partisans in Parliament, so far as to impose heavy duties 
on foreign goods. There was a general complaint on 
the part of ih6 Public, that a preference was given at 
. Court to French articles, ami our Custom-house returns 
certainly showed ail increased import of the finer wool¬ 
len* and linens; also of silk, paper, and glass front 
that Country, the total value exceeding* a million an¬ 
nually ; while the export of English articles to France 
urns comparatively insignificant. This led, in 1678, to 
Acts of Parliament Imposing a heavy duty on a number 
of commodities from France; a course followed with 
double vigour after the Revolution in 1688, and the 
ensuing war; national animosity concurring with the 
belief Unit out interests Called on ut to exert our 


utmost efforts to discourage the use of foreign articles Oommerv*. 
and extend that of our own. In regaid to l-’.n.. | ls li ' 

goods exported, Government not only r< tinned \\lmtevc: 
duties hud-been previously paid on them, but in various 
eases granted a bounty on the export. It f,shade aKo 
the sending abroad our raw materials, sueli as w ool ov . 
hides, and luilf-fmislud artieles, meh as nndyed cloths, 
in order that all the work required to complete them 
might be performed ju this Country. 

This was the beginning of what is called l>\ Political The m, r - 
Eeononnsts the Mercantile system ; n system which ap- cnutit^ , J5 - 
jiears in a favourable light to men accustomed to judge ,un - 
from first impressions, and vv ho, eonvcisaut only with the 
practice oi (rude, have little knowledge of its general 
principles. Such men form their opinions on a very, 
confined view of things; on the events passing under 
their eves, without considering that these are hut a tew 
links in a complicated chain. Thus gold and silver 
were in their view less the representatives of wealth, than 
wealth itself; and they judged it highly desirable to get 
as nincli as possible of both into the Country: hence a 
preference to a trade, such as that with Spanish Ame¬ 
rica, in which the returns were made in hard dollars. 

Having become possessed of a certain portion of the pre¬ 
cious metals, the next point with the advocates of this sys¬ 
tem, was to secure our tenure; hence the repeated prohibi¬ 
tions against the exportation of coin. It never seems to 
have occurred to these reqxoner. that money, like any 
other commodity, will find its wav into aCountiy possess¬ 
ing, either in produce or manufactures, at tides which its 
neighbours are desirous to obtain ; and that the true plan < 
to bring money into a Country is to favour the increase 
of such commodities. Now the best method of favour¬ 
ing such increase is to lower duties, abolish exclusive 
privileges, nr otherwise remove the impediments to pro¬ 
duction. That done, the Legislature may safely tr-rst 
individuals with the sale of their property, satisfied that 
wherever there is an abundance of valuable goods, there 
will be no want of money to circulate them. 

Another leading tenet in the Mercantile creed was that 
we ought to make at home whatever is required for otir 
own consumption, even articles, such as silks, of which the 
raw material is not. of home growth. This might lie a 
very proper ride if every nation inauufai tured exclu¬ 
sively lor itself, and if our power of selling the at tides, 

-in which we have an acknowledged superiority, such 
as hardware and cottons, were restricted within specific 
limits. But now that the World at large is open to our 
exports, the widest plan evidently is to leave manufac¬ 
turing industry to its natural course. One Country may 
excel it ope branch of a manufacture, and another in 
another: tints as to silks, the French are superior in 
fancy articles, the English in several other kinds of silk; 
and if we can sell the latter to our neighbours, it is 
evidently our interest to buy fancy goods from them, 
rather than to maintain an unprofitable competition in 
making them. Let our general rule be to-extend only 
such mannlacluns as are best adapted to our national 
means, such as require an ubundaut supply of fuel and 
an extensive communication by canals. These are hard¬ 
ware, cottons, woollens, earthenware, glass; and if we 
can supply these on better terms than any other Country, 
we mnv rest assured that their sale will be so augmented 
as to a+Fotd us ample meuns for purchasing the articles 
(and they arc not many) which foreigners can supply on 
better terms than our Countrymen. 

The Revolution of 168S led to our takiug a promi- 
oii 
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urnt part in Continental Politics and carrying on wars, 
bv moans of the Funding system, ot) n scale of expense 
till then altogether unknown. This had a remarkable 
effect in several respects on the state of trade. First, 
the decided superiority of our armed shipping obliged 
both the French and Spaniards to trade with their colo¬ 
nies by means of neutrals, which proved a great advan¬ 
tage to Sweden, Denmark, ami the seaports in the North 
of Germany. These Northern Slates benefited also by 
the increased demand lor hemp. flax, canvass, and iron, 
arising out of a state of war; while from England there 
was an augmented export of clothing, arms, and other 
military stores, these forming the most convenient mode 
of paving subsidies to our allies. The natural effect 
of the war was to lessen our intercourse, at least our 
legitimate intercourse with France, for a great deal of 
smuggling continued to take place between the tvfo 
Countries; vis. in silks and laces from France to Eng¬ 
land, and in wool and hardware from England to 
France. 

Snell was the state of our foreign trade in the middle 
of the last century: in regard to our home traffic we are 
arrived at the period when our inland communications 
were greatly extended ; when our turnpike-roads were 
improved, and canals began to be excavated. Hence 
a remarkable increase in the manufacture of several bulky 
articles, such as glass, pottery, and .hardware, which 
require canals for a double purpose: first to bring coals 
to the seat of manufacture during the process of pre¬ 
paration. and next to take the goods to market when 
completed. 

As to corn there was not. as in the present Age, an 
insufficiency in our growth for our consumption ; there 
was in general a surplus and an export of corn during 
the first half of the XVJIIth Century. 

c T1ip gradual increase of monied capital in England 
was indicated by .the progressive though slow reduction 
'of the rate of interest. In the middle of the With 
Century teu per cent, a year was allowed by law, and 
was the usual rate for money lent on good security. In 
a century later, under Charles II., money was 001111110111/ 
lent at eight perceut; but soon after 1700 the legal 
rate was reduced to five per cent. Towards the middle 
of the XVUIth Century the current rate on good se¬ 
curity did not exceed four per cent.; hud in flollafld 
money could be borrowed still lower; viz. at three per 
cent. 

In the hundred years which elapsed between the 
accession of .William III. and'the French Revolution 
England sustained five foreign wars, each conducted on 
a great scale and at a very heavy charge. Tlicii; respective 
dates were: 


From 1689 to 1607. 

1702 to 1713. 

1740 to 1749. 

1756 to 1763. 

1775 to 1783, 

The sacrifices attendant on such wars may be re¬ 
duced under two principal heads; waste of capital as 
shown bytyie yearly additions to the public debt; atul 
loss of productive labourers, as well from the number 
who fall in the contest as from the still greater number 
who are withdrawn from agriculture, manufactures, and 
mechanical works to the service of Government. Con¬ 
fining our estimate to the former of these heads, to the 
increase of. our -public debt, we shall divide the wars 
during the century in question into three parts; thus, 


The wars of King William and 
Queen Andb lasted nearly twenty 
years, and added to our debt.., 

Those under George 11. fifteen 

years.. 

The American war under Geo. 

Hi. eight years...:.... 

Each of these contests was maintained by our • 
Government with great ardour, and with as large a de¬ 
mand 011 our resources as it was possible to make with¬ 
out depreciating the currency. The waste of life and 
property was consequently great, but that which took 
place under William and Anne, was happily, in a great 
measure, repaiiod during the long Peace which followed 
the Treaty of Utrecht. , Alter 1763 the season of relief 
did not last so long, and the magnitude of our expendi¬ 
ture during the ensuing war with our colonies was uu- 
precedeirtly large ; but, on the other hand, there wus by 
that time a great increase in’ our resources, in our 
means of augmenting our products and of recovering 
from the losses and burdens of war. Our canals were then 
in u course of extension ; our towns had increased their 
population ; the farmers were assured Sif read) sales 
for their produce at fair prices; the use of Rank paper 
was becoming more general; the cotton ami hard¬ 
ware manufactures were in a state of activity; and as 
there was an increased demand for coal amt iron, our 
mines for both were wrought on a larger scale. These 
are substantial constituents of public wealth, and they 
enabled our Countrymen of the last generation to recover 
from the gloom produced by that which at first seemed 
an irretrievable misfortune, the.separation of the North 
American colonics from the Mother Country. These ad¬ 
vantages allowed our manufacturers to meet the French 
and other rivals in foreign markets, and to retain the 
supply of the United States of America notwithstanding 
the antipathy of the inhabitants to England. 

Next came the Commercial Treaty with France, con¬ 
cluded in 1796, which opened the ports of one Country 
to the other, and .naturally led to a trial of their compa¬ 
rative ability to furnish the great articles of maiudiietnrc. 

The advantage was in most articles on the side of this 
Country, and the cause of it was not, as was so often 
contended by Bonaparte ami his partisans, unfairness 
in the conditions of the Treaty, but the superior means 
of our manufacturers; a cause which still remains in 
full force, and deters the French Government of the' 
prepent day, however friendly in its disposition to 
■ England, from renewing the open intercourse, or in 
other words, the competition between the twoCountries, 

Our financial difficulties were great, in 1783 and the The period 
following years, but our prospects gradually brightened from 1783 
and nurtrade became flourishing both at home and abroad. ,0 ,793 - 
This improvement took place without the interference of 
Government, for it was assuredly not cahsed by boun¬ 
ties, prohibitions, or other artificial expedients; it was , 
the legitimate result of our applying capital and indus¬ 
try to improve our national resources. Agriculture 
prospered although the rise in the price of com was 
slight; our shipping was increased greatly notwith¬ 
standing its augmented cost. This, with the extension 
of our manufactures and the increase of our population, 
afforded a proof that, heavy as our burdens had be¬ 
come, we were not unable to bear them; and that the 
expenditure in our former wars, although occasionally 
lavish and often injudicious; had not, as in the case of 
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Commerce. Holland, been carried r,o far as to produce a icrinus 
decline in onr productive industry. 

Sabmiueot The danger of such u decline "as reserved for the 
tionoof subsequent wars, conducted as they have been with un 

had,. unexampled profusion of treasure. Various causes 

concurred to produce this extraordinary scale of ex¬ 
penditure. Our Sovereign was highly popular, while 
the Revolutionary Government of France, and the 
military usurpation which followed it, excited during 
many years the greatest alarm. Mr. Pitt possessed 
the public confidence in n high degree; hut above 
all, the abundance of money arising from the. exculpa¬ 
tion of the Hank from cash payments removed the 
nsual checks on pecuniary supplies, and rendered 
■ money abundant both with Government ami the.Pub¬ 
lic. Every department of productive industry tbit the 
advantage attendant on an uniTiterrupted command of 
money. The old adage, “ War begets ^poverty, and 
poverty Peace,” ceased to be applicable to England, for 
all brandies enjoyed, or sertned to enjoy, a degree of 
prosperity hitherto unknown in time of war. The agri¬ 
culturist was enabled to pay an increased rent; the 
(manufacturer to raise his rale of wages; the merchant 
found his trarogictions extend year after year, and profes¬ 
sional men in very many eases doubled the incomes which 
they had received in Peace. No wonder, therefore, that 
there should be a general belief during the war that the 
wealth of the Country was on the increase; few per¬ 
sons suspected that the rise of prices and incomes was, 
in a great measure, nominal; and hardly any could 
foresee the extent of reaction at a Peace. It was not 
until lately, that the continued decline of prices and 
. incomes has shown, beyond doubt, the unstable founda¬ 
tion of their increase during the war; and lias given 
warning that a continued stale of Peace is likely to bring 
our markets still lower ; probably to the level of 171)2. 
Ground* of The Supposed grounds of our prosperity during the war 
sapjKised are thus found to have been temporary and fallacious, 
prosperity Our manufactures increased greatly in price, but that was 
djj t,n K no indication of augmented wealth; it was owing chiefly 

***** to a rise in the cost if labour, raw materials, and other 

constituents of price. Since the Peace the picture has 
been reversed; the quantities annually manufactured 
have increased greatly, but the prices have fallen in a 
still greater ratio: the cyu§e has been the decrease in 
the cost of the raw material, in the rate of wages, and in 
the profits of tile manufacturer. 

' Our mercantile shipping presented a considerable in¬ 
crease during the war, but it was in a great measure 
owing to the amount of tonnage employed by the 
Transport Hoard. But of oil the branches of our pro¬ 
ductive industry, onr agriculture has placed in the most 
striking^ light the difference of prices in War and Peace. 
Corn and other country-produce continued to rise almost 
without interruption during the twenty years of War; 
they have declined with equal uniformity during the 
eighteen years of Peace, A similar rise and fall has 
token place in professional incomes, and if, in the im¬ 
portant head of house-rent, the decline does not extend 
altogether no far, it has been owing to thq progressive, 
increase of our population which since the Peace lias 
gained thirty per cent. 

This continued decline of the prices of commodities, 
and the consequent reduction of incomes, has come on 
oar merchants and manufacturers in a manner os little 
expected, aod as little understood, as was the rise of 
prices and increase of incomes during the War. No 


subject has occasioned greater differences of opinion, or Commerce, 
a greater variety of schemes for the relief ot trade. ' — 

Most of these, when thoroughly investigated. are found 
to give but slender assurance of the benefit so fondly 
anticipated If their projectors: nor will merchants of 
reflection consider it possible that the evils arising from a 
lavish expenditure timing twenty years, can be speedily 
removed by any plans, financial or commercial, however 
plausible. We Jiavc, however, the satisfaction of know¬ 
ing that ilie national resources are on the increase, uml 
that they bill fair to lessen, in the Course of jeais, the 
pressure now hearing so hard on the productive classes. 

Tile fir-t ,step towards a judicious application of these 
resources is In acquire ail accurate knowledge of our situ¬ 
ation, to obtain a distinct view of the origin and causes 
of our difficulties. For that purpose we shall now 
subjoin a summary of our Commercial and financial 
affairs from the entrance Into office of the Statesman, 
from whom the extraordinary fluctuations of the lust half 
Century certainly had their origin. 

British Trade and Finances during the. Administration 
of Mr. Pitt. 

Mr. Pitt was placed at the head of the Treasury and 
of the Government in 17S1, at the. early age of twenty- 
five. llis precocious advancement to tins high station 
was owing to several cau«cs ; to his remarkable success 
us a speak A 1 , lo the veneration entertained bv the 
nation for his father's memory, and to an impression 
thnt the eminent qualifications of Lord Chatham bade 
fair to reappear in his soil. Our public men have 
ofteu had cause to regret coming too early into office; 
ami often have they wished undone the favourite mea¬ 
sures of their early years. And if such was not the 
case with Mr. Pitt, it was owing chiefly to the Coun¬ 
try remaining at pence during nine years after his ac¬ 
cession to office. The eourse to be followed by a Mi¬ 
nister during that period, though difficult, was not alto¬ 
gether so beset with perplexity as at a subsequent date. 

Several of our present grievances were then, in a man¬ 
ner, unknown. The Corn I.aws were then of very 
limited operation ; provisions were dearer here than on 
the Continent, but not in a degree to affect the success 
of our manufactures or the comfort of our mechanics. 

There was in those days no agricultural distress, for 
though the prices of corn were lower than at present, 
farming expenses were low in proportion, and there hail 
been uo downfal from better times; no return from 
Hank paper to cash payments ; no complaint of having 
to pay in gold debts contracted in paper. The diffi¬ 
culties of that Age were altogether different: they arose 
from the discouragement attendant on the recent loss of 
our North American Provinces, and the low price of 
our public funds. Several financial reforms were le- 
quired, hut it was extremely unpopular to impose any 
new tax. to meet the deficiency attendant on such re¬ 
forms, or to make the revenue exceed the expendi¬ 
ture. The high duty on tea leaving led to a most ex- The duty 
tensive system of smuggling, it was very desirable to on lea com- 
redute the duty at (cast for some years, so as to cut up 
smuggling by the roots. A determination to that effect 
was taken, but it required a substantial public advan¬ 
tage to reconcile Pailianieut or the nation lo tin* (lives 
granted in lieu, or. as it was called, as a commutation 
for the tea duty. Some of the taxes imposed at this 
time byy Parliament, in particular the shop tax, Mr. Pitt 
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C.irn’iitri'c. (omul it necessary to abandon. In a few years, however, 
’*•*■v-"*'' his rlillicuHies were lessened by the growing produce of 
the revenue, consequent on continued peace, increasing 
population and extending trade. We possess lint few 
statistical* chtruinents for the period in question, mid the 
yearly increase of our numbers cannot be considered to 
have been so high as at present, inasmuch as vaccination 
was then unknown, and the cheapness of cotton-clothing, 
which in later years has so greatly Vat on red the health 
of the lower orders, did not then exist; hut the yearly 
increase prob-ibly averaged one per cent, or upwards. 
Hence ail increase in the portion of revenue arising from 
consumption As to another material point, the, value 
of our manufactures exported, it rose during the earlier 
years of Air. Pitt’s Ministry progressively from eleven 
,to fourteen millions; and eventually, in 1792, to eighteen 
millions a year. 

Cummer- One of the first Commercial measures of’Mr. Pitt 
eia i v re was a T,l ' at > w hh France in 1786. The speech by which 
with fiance. j lp introduced this Treaty to the consideration of Parlia¬ 
ment was replete with sound and liberal views. The 
conditions of the compact were fair anil moderate, and 
in the different transactions that ensued, u balance of 
profit accrued to this Country, possessing, as it decidedly 
did, superior advantages for trade and manufactures. 
The Treaty thus became unpopular in France, and 
proved a theme of frequent declamation with Bonaparte, 
who, to ingratiate himself with" the trading part of the 
French, repeatedly declared that “ never would lie sign 
such a Treaty as that which the art of the Hnglish 
Ministers had extorted from the weakness of the Bour¬ 
bons.” , 

The Sink- The year 1786 was the era of another measure of 
in,,- Fu..il. Mr. Pitt, which tor a long time was much vaunted—the 
revival of the Sinking Fund. That fund originated 
above a century ago with Sir Robert Walpole, in whose 
day our finances differed greatly from their present 
elate ; our national debt being under sixty millions, and 
our public revenue less than six millions a year. The 
long peace enjoyed by this Country under that judicious 
and vigilant Minister, added to the operation of even a 
small Sinking fund, had the effect of greatly raising the 
price of Stocks, so that in the year 1732 the throe per 
cents were at 100, and in 1739 at 107. As the loans 
of individuals tire affected in their terms by those of 
Government, the low interest of the public funds caused 
a low rate of interest generally, of which the monied 
men complained, alleging that they could no longer 
obtain a suitable return for their capital. To lessen 
their complaints, as well as to avoid the odium of new 
taxes, Kir Robert had no scruple in resorting from time 
to time to the Sinking Fund lor the payment of various 
public expenses. This example his successors ill office 
showed themselves very ready to follow; and the Sinking 
Fund, though at no time wholly suspended, was so often 
trenched on, that it did not discharge above fifteen 
millions of the public debt in the course of half a cen¬ 
tury. 

Mr. Pitt’s measure in 1786, was a revival of the 
Sinking Fund, nearly as introduced by Sir Robert 
Walpole, but with various safeguards to prevent the in¬ 
come constituting the fund from lieing diverted to any 
other purpose whatever. With that view the whole was 
put under the direction of a Commission, and the Com¬ 
missioners were rendered independent not merely of the 
Ministry, but in some degree of Parliament. The sources 
of the income of the Sinking Fund were, 


1. An annual million to be paid to it out of the taxes, Commerce, 

whatever might lie the state of the revenue. - 

2. The amount of such annuities payable by Govern¬ 
ment as from time to time lapsed or expired’ by the 
demise of the annuitants. And, 

3. The interest of the Stock annunlly bought up by 
the Sinking Fund ; such Stock not to be cancelled, but 
to be entered in the books of the Bank in the name of 
the Commissioners of the Sinking Fund, the dividends . 
or interest on it going in aid of the Fund. 

Such was the Sinking Fund of 1780 when brought 
into full operation; it extinguished annually about a 
million ami a half of three per cent.* Stock: that is, the 
public by paying in taxes, a million sterling more than 
they otherwise would, paid off as much of its debt ns 
reduced the interest by <£50,000 a year. This and this 
only was the arithmetical operation of the measure; but 
benefit was expected from its principle, from Parliament 
giving a pletfge to the world that the nation, however 
burdened by taxes, was determined to pay u million 11 
year above (lie Government expenditure, for the pur¬ 
pose of lessening its debt and keeping up the public 
credit. 

It is needless to enlarge on the flattering calculations Objections 
of the effect of compound interest, with which Or. Price ,t - 
ushered in this boasted scheme. The annual million, 
as well as the other’ sources of income to the Sinking 
Fund, were evidently drawn from the pockets of the 
Public ; in other words, they were abstracted from pro¬ 
ductive employment. The judicious Vaubnn, when 
writing on the finances of France, long since told 
the World, that were Governments wise, they would 
be sparing of taxes: he said with truth, Uargent le mimx 
employe ext celui qui leJtai laixxc nitre lex mai/ix de. xes 
xnjctx. The‘Sinking Fund is now little thought of: it 
lias fallen almost into ■ a state of non-oflieienry. The 
question is how far circumstances, in the early part of 
Mr. Pitt’s Ministry, \vere such us to justify the adop¬ 
tion cjf the measure, or to reconcile its adoption with 
the general admiration of his indents. Mr. Pitt was 
then only in his twenty-seventh year, and could not have 
reflected either long or profoundly on the sources of 
national wealth. lie had read Dr.Sinith’s Work, and lie 
discovered in his public speeches a very proper sense of 
its value ; but that Work is twit instructive on the Subject 
of taxes. Btlt the great deficiency in Mr. Pitt’s elements 
of calunlation was the absence of statistical documents, 
and of proofs of the tendency of this Country to prosper 
without any artificial aids. I[is natural good sense and 
disposition to view the future in a favourable light, 

.might, and probably did, suggest to him reasons for con¬ 
sidering the national prospects as encouraging; but he 
was ill provided with documents on which to found snch 
an opinion with confidence. If, even at present, our 
public men. have no adequate idea of our growing 
resources, it need not be mutter of surprise that no man 
of authority in those days should have come forward to • 
say, “Instead of making the nation pay a million a 
year additional, keep the taxes at the lowest possible 
amount, and, trust to the benlfit toot will in a few years 
accrue to the Treasury from a gradual removal of the 
obstacles to the extension of productive industry.” Thera 
were in those days no popnlatiou returns; no evidence 
that the increase of our towns added largely to the 
uatiooal resources *, no proper estimate iff the extent of 
our iron mines; nor of the benefit likely to result from 
our abundance of coal when applied to steam machinery. 
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Commerce. Instead of such views, Mr. l'ilt was probably assailed by 
such- suggestions as, " The price of Stocks can be raised 
only by continued purchases for account of Government, 
and these can be made only by a Kinking; Fund pro¬ 
vided with a yearly revenue; the Stockholders desire 
such a measure, and to the nation at largo it will be an 
indication of vigour ; a declaration that we are willing 
to submit to an extra burden at present in order that we 
may lighten the burdens of posterity.” This was very 
plam-ible advice, and would,!)/: considered by the multitude 
us botli spirited and judicious. The course of our nar¬ 
rative will soon slwy the singular measures into which 
Parliament was led, after Mr. Pitt’s death, by the at¬ 
tractive name of a “ system of vigour so that vve need 
■ hardly wonder that lie, young ns he then was, surrounded 
by feeble coadjutors, and unprovided with the documents 
requisite to torm right conclusions, should have pursued 
a very diUeient course from that which he would have 
adopted in mature age and with more correct inlbrma- 
lion. 

A main cause of the Commercial and financial em¬ 
barrassments of this Country, lias been the unacqiiaint- 
ijnee of our public men with the principles of productive 
industry. Of^his ignorance a striking instance was at 
that time given by Mr. Fox, who,though opposed to Mr. 
Pitt in so many of his measures, gave his cordial appro¬ 
bation to the Kinking Fund. This he was led to do 
not from a knowledge of the subject, which he never 
studied, hut from the specious nature of the plan ; per¬ 
haps from a constitutional confidence, which'prompted 
him. without much inquiry, to place a part of the 
burden on our own shoulders instead of those of our 
posterity. On the other hand Ford Grenville, so long 
the colleague of Mr. Pitt, and his professed admirer, 
subsequently altered his opinion of the Sinking Fund, 
and has publicly maintained that the measure was im¬ 
politic. 

We are now arrived at the troubled era of the French 
Revolution ; at the time (1792) when the Jacobins be¬ 
came guilty of the greatest excesses, and vtflien the finan- 
eml relief to be expected from a continuance of Peace 
seemed, in the view of our Court, and the major part of 
our Nobility, a secondary object compared to the danger 
that threatened us if vve remained quiet spectators of the 
commotions in France. Till this time Mr. Pitt had 
maintained amicable relations with the ruling parties in 
France, but When they had driven their King from his 
throne, and declared their Government a Republic#he 
was called on to come to a decision on the momentous 
question of Peace or War. His personal wish was for 
Peace : both the success of his financial measures, and 
the prosperity of our trade, were connected with its 
maintenance; but after the murder of Louis, and the in¬ 
vasion of the Netherlands by the French, he assented, 
and was iu a manner obliged to assent, to the alternative 
of War. 

The determination once taken, it was conformable to 
his character to prosecute the War with vigour; to 
regard hia financial savings as secondary to our military 
operations; and while he maintained the Kinking Fund 
as to' form, to adopt a course which in fact suspended, 
and much more than suspended, its reducing powers—a 
yearly borrowing of money to a large amount. Our 
navy, and still more our army, had been on a small 
establishment duHng the preceding years, but both were 
increased forthwith. In the second year of the War our 
expenses were augmented; in the third and’fourth year 
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(179 W96) they were further increased, so that the scale Commerce, 
of our expenditure much exceeded that ot U ny former v -»_- 
period. 

In rairing supplies the Ministry experienced great 
difficulty fmin two causes ; first the distress ,,f trade 
consequent mi the high rate of interest, so much of 
the capital of the Country beiug required by Govern¬ 
ment; and next the difficulty of providing for our dis¬ 
bursements abroad, which could not be met in Bank 
notes but required specie. When a loati.wn- pioposed, 
llie anxious question in those days was not m, much 
vvliat was its amount, as what part of the amount would 
be requited abroad. These were" the chief causes ot the 
adoption of that measure which distinguished the late 
wars from all others, and which gave Government a 
great and long continued, but as the result has shown, 
a delusive accommodation—the exemption of the Ilank r--c:.'1ion 
from Cash payments. The immediate cause of that "I tlie* 
measure was a continued drain of gold, from the Bank ah from 
in February 1797 ; but we may safely affirm, that a step Jn 
of the kind had repeatedly entered into the consideration . 
of^Ir. Pitt and the Bank Directors, as a relief from the 
grievances under which all parties. Government, the 
Bunk, and the mercantile interest, hthouicd from the 
magnitude of our expenditure. Anxious as were the 
Bank Director-? to support Government in the war, 
they could not, in prudence, strip the Hank of its trea¬ 
sure so long as they were liable to pay cash for then 
notes on demand. They vvatelud, and vveie obliged 
anxiously to watch, the exchanges with the Continent, 
which a deficient harvest or the remittance of a large 
subsidy to-our allies never tailed to render nnlhvomable 
to us. In 1795 and 1796, both these causes had been 
iu operation: they had impoverished the Hank as to gold, 
and had produced the greatest inconvenience to mer¬ 
chants by the difficulty of discounts. Accordingly, no 
sooner did the exemption from paying in cash take c -~ - 
place, than the small notes issued by the Bank were 
more favourably received by the mercantile body, who 
hailed the change as the era of their relief, the dawn of 
'a season of abundance. The Hank was now no longer 
under the necessity of watching the exchanges, or of re¬ 
stricting their advances toeitherGovcrnmentor merchants, 
on account of their stock of cash being limited ; they 
merely looked to the security, to the probability of the 
bills offered to them bring regularly paid when due. 

The relief thus afforded to the Public was general and 
complete; it pervaded every port of the Country. 

Farmers had no longer difficulty iu paving - their rents, 
nor householders their taxes, greatly as they were now 
increased. The price of commodities, whether produce 
or manufactures, rose year utter year -'the same was the 
case with wages, salaries, professional income-. The 
War was no longer unpopular, and the financial mea¬ 
sures of Mr. Pitt were extolled n» the instruments of our 
political salvation. 

In this manner were we conducted to the end of the 
first war with France. Happy would it have been had 
we understood the precarious and unstable character of 
a paper currency when not couvcitiblc into cash, and 
had we been aware, that circumstances might, and very 
probably would, arise, to carry its depreciation to a 
serious length. During the first year of, the War, 
renewed in 1SOU, Mr. Pitt was out of office, but in Renewal of 
questions of trade and finance his opinion had at all 
times the greatest weight An income-tax of five per 
cent was proposed by Mr. Addington, and met with 
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very little opposition after Mr. lMt gave liW opinion vigour,” urged, mul iu despite, a9 was said, of the oppo- (\»noim 
that ,to impose it on funded property was no breach sition of Lord llawkesbury, obtained the adoption of v —« 
ol faith with the public creditor. On another occ-i- the Orders in Council against neutral navigation. Stopped iu 
sion in which he dissented from a tax proposed by They prescrib.nl that “ neutral vessels, whithersoever 
Mr. Addington, and adopted by a majority ol' the bound, should put into a port cither in England or iii 1 
House, the members saw the Minister appear next d ry one of our dependencies, there to pay certain charges ami 
in his place and withdraw the Bill they had sane- receive a license or sanction for the continuance of their 
tioned, doubtless because he considered the dissent of voyage.” Such an edict was not, in point of form, so 
Mr. Pitt as the most serious of evils. Next year, strong a measure as a direct stoppage of neutral navi- 
IS04, Mr. Pitt was recalled to office, but his tciunc of gallon, but the authors of the' Orders doubtless uutici- 
it was unhappily too short, for in less than two years his paled that they would have that result, particularly in 
death took place, at the early age of tbrly-seven, and in the case of the Americans; as a ifiition claiming to be 
the iniust of our contest with France. ‘independent would hardly submit to such an acknow¬ 

ledgment of inferiority. The consequence was, that 
British Trade and Finances since the Death of Mr.Pitl. < lle American Government prevented their merchant- 

vessels from going to L «pa, and a general suspension of 
The successors of Mr. Pitt in the financial depart- their navigation took place, 
incut uere first Lord Henry Petty, (now Lord Latis- The effects of this suspension on the trade, the credit, Coasts 
domic.) and afterwards Mr. Perceval. Both followed and the finances of this Country were pernicious in quv‘cv»of 
up Mr. Pitt’s plan of finance, the main feature of which, a high degree; much higher, linked, than is even yet * h “^ top ‘ 
after the increase of our circulating medium had re- known to the Public, for the evil was not at once op- 1>as 
lieved the wauls and increased the incomes of indjjri- parent; it came on us indirectly and covertly. First, ns 
duals, was “ to rai.se the chief part of the supplies within to onr Bank paper, the American merchants had been 
the year;” that is to borrow less than we had done pre- highly instrumental in maintaining its cfcilil iu the ioi- 
viuiisly, and to look lor the chief provision for our ex- lowing manner. They sold every year to France, Hol- 
perjditure iu high temporary duties ; iu'other words in land, and the rest of the Continent of Europe produce 
war-taxes, so culled because Government was pledged to a huge amount; larger by three, four, or five mil- 
that they should continue only during the War. lions than thcvalne of the goods they took from those 

When tlu* Grenville Ministry was removed from Countries in return. In what manner was this balance 
office iri March lbt»7, our trade and finances fell under disposed of? It was paid to the Americans in money, 
the direction of men who moved in the footsteps of and was sent over by them from the Continent to 
Air. Pitt, but who, when compared to him*as to in- England, where it was applied to pay onr merchants 
formation and judgment, were distant tungo inlenatlo. and manufacturers for the very large quantities of goods 
They had not been a year in office before they discovered which they sent yearly to the United States. The A me¬ 
an un acquaintance with the course of our foreign trade, rkans were thus the medium, or rather the cause, of 


t a total unconsciousness of the precarious nature of our 
ffatvk paper, by adopting a measure which Mr. Pitt 
would never have sanctioned—the stoppage- of neutral 
navigation. This was effected by the Orders in Coun¬ 
cil of November 1807, a measure never thoroughly un- . 
derstood either by the House of Commons or the Public. 
These Orders wore expressed in the complex style of 
law papers, and their true object was kept studiously 
out of sight, os well it might be, for never was there a 
Commercial edict less to be justified, or less fitted to 
bear investigation. The real account of it is as follows : 
eutral Tile War had by that time lasted above twelve years, 
theadvan- a,l< * had added heavily to the expense of our ship- 
tager which owners : timber, hemp, wages of seamen were all en- 
it enjoyed, hatiecrl, and an extra time was generally required for tiie 
voyages of our merchantmen fiom ttie necessity of wait¬ 
ing for convoy. ' From these various disadvantages 
neutral vessels were free, and their navigation being 
carried on at less cost, they* had an advantage over Bri¬ 
tish shipping which could til be brooked by the sub¬ 
jects of a Government which commanded the Ocean. 
Hence repeated attempts on the part of our merchants to 
cratnp their navigation; attempts which had been re¬ 
sisted by Mr. Pitt, and which had no chance of success 
with Lord Grenville. But the case was very different 
on Mr. Perceval coming into office: from his profes¬ 
sional habits, he was necessarily unacquainted with 
trade, and .had unfortunately given his confidence to 
those lawyers and merchants who were most clamorous 
■ against neutrals. No sooner, tiicrcfore, had our attack 
on Copenhagen in the Autumn of 1807 succeeded) than 
the party iu the Cabinet, whose creed was a “ system of 


continued remittances to this Country in nuuuy or lulls 
of exchange; this had been the case every year since the 
Bank exemption in 1797, and serves to explain a fact 
which had surprised ourselves almost as much fo¬ 
reigners ; viz. that our Bank notes should escape depre¬ 
ciation so long after they hail (eased to be payable in 
cash. By stopping the nu\igatiou of the Americans 
wc deprived ourselves of this important resource. In¬ 
stead of buying our manufactures, they were obliged to 
manufacture for themselves, to the incalculable injury of 
our woollen and cotton tradu; while from,the Continent 
of Europe they could make us no more remittances 
because we had precluded their into course with Holland 
and the other Countries which supplied them. . 

Tho consequence was a rapid fall in the value of onr Our Bank 
Batik notes compared to coin, at first of ten or twelve nut ** ,le - 
per cent., afterwards of fifteen, eventually of twenty per I >rcc,4 ** d ' 
cent.,and upwards. Other causes, it is true,cooperated to 
produce this unfortunate result, in purtifcular our military 
expenditure on the Continent, and the large amount of 
specie sent abroad to buy corn; but these would have 
been,in a great measure,counterbalanced by remittances 
from the Americans had they been allowed to continue 
their trade. Unfortunately Mr. Perceval and several of 
his colleague^ continued to think differently; the Ame¬ 
ricans bore their grievances in peace during four years, 
but at last, in June 1812, they declared war against us. 

In vain did Lord Liverpool repeal the obnoxious Orders 
almost immediately after Mr) Perceval's death: the 
Americans mistook his motives and persisted in‘the 
war. ■ It tested nearly three years, and if we make e 
computation of the loss of property catksed to as from 
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Commerce. first-to last % this unfortunate quarrel, first, by the productive industry generally. Our "rent UnivrrsV 
> failure of Americans who were largely indebted to our at which so rtiany of the Members have received !h”’ 

■ V merchants ;j next, by the depreciation of our Bank education, have not till very Intciy possessed the men ^ ' r T " _ ’ 

• paper; and lastly, by the war with the United States, of instruction on such subjects; and of the Work* 

#e shall find the aggregate to be little short of two hitherto printed on Political Economy the chief part or > 
hundred millions sterling; that is, of the twenty-eight obscure, intricate, abounding in theories, aud deficient 
millions which we now pay annually for the interest of in practical illustrations, 
the public debt, no less than seven or eiglu'miflioas are 

* to be traced to our unfortunate stoppage of the trade of Having now brought down ournarrative totheclose of 

neutrals during the last seven years of the war! the last War, we shall in the next place endeavour to 

The year 1812 was a season oftrial for our finances: explain, 
the war in Spain w«s at its height iii point of expense, 1. The sources of our high prices and large financial 

while Russia required all the pecuniary aid we possibly supplies during that War; aud 

could afford her. . Next year, 1813, called for still 2. The causes of their diminution since the Peace, 

greater efforts : the chances were now in favour of our Singular it certainly is, that in a Country in general 

allies, and never could our resources he better applied so enlightened as this, we. should still be in doubt as to 
than ill their support. It became necessary to trench a subject so nearly regarding us, and in respect to 

on the Sinking Fund : Ministers did so, but-in an in-, which the opinion of the Public ought long since to' 

Part of the - direct und disguised manner. They thought it essential have been fixed. But neither our merchants nor our 
mtppjie*of to have the appearance of maintaining the integrity of public men are by any means agreed about the causes 
Ku fr'T* Fund, anti it will hardly be believed that at the time of these fluctuations. The inquiry is long and com- 
priipriateil ‘ 14 large sum was drawn from it, there issued from Lord plicated, and those who, from their official situation, were 
to tlio war. Bexley’s office a printed paper gravely stating that the best fitted to cast light on the subject, have been either 
reduction of ofcr debt would proceed more rapidly after prevented by pressure of business front probing it to the 
making this abstraction, than on the former plan which bottom, or have been unwilling to speak out os to a 
abstracted nothing. So strange a misrepresentation course of policy, which, since the general reaction, has 
seems almost incredible, but in truth the history of the been viewed unfavourably by the Public, and led. them 
Sinking Fund contains & series of misrepresentations to censure severely the management ol the War. 
quite unworthy of the Government of a great Country, To go back to the years 1790, 1791, 1792. This stsjto «r i>. 
and to be palliated only on the ground that, during an Country was then in profound peace, and, if there were t>m!r- 11 
arduous struggle. Ministers may be permitted, for the occasional complaints, as at present, of over-oompetir 1 ' 
sake of keeping up public credit, to resort to steps which tion, the condition of our trade, manufactures, and ngri- 
in time of Peace would be altogether inexcusable. Nearly culture was, on the whole, satisfactory. The interest of 
half a century has elapsed since the Sinking Fund has money was moderate, and capital might'be borrowed cm 
been held forth to the Public us our fiuaucial sheet- fair terms to carry on any judicious undertaking; but 
anchor, the instrument by which we were to be relieved there were few examples of sudden rise of price, and few 

* from the pressure of our debt; yet the actual bona Jide Coinpauies whose stock or shares formed an object uf * * * « 

reduction effected by it during all that period has not speculation on the Stock Exchange. This tranquil 
exceeded thirty millions ! condition of our national industry, this medium between 

It is now above twenty years since the date of our activity and stagnation,- underwent a material change ns 
Second Population Return, which established beyond the War proceeded, and as our public establishments were 
. all question the progressive increase of our numbers and increased. The large demand for money by Govern- 
■■ resources. From that time forward Ministers were re- ment in. the shape of loans, raised the rate of interest, \j- a rnt pul*. 

* lieved from the necessity of artificial expedients; fortified and led to the suspension of many undertakings, such as lie 

by such a (document, it would seem that they had merely canals,- buildings, manufactories, for which abundant ul 
to declare to yte Public that the repayment Of. our debt capital and a'low rate of interest are indispensable, ut 

'w.BS no longer requisite, and ought not to be attempted; Hence the discharge and non-employment of a consitler- 

- (hot the great object was to favour the extension of our able number of persons, partly in the middle, moro in 
' productive industry, by which means our debt, though the lower ranks. But that, was soon balanced, and 
* the same hi numerical amount, became less in. proper- much more than balanced,, by the new employment 
tion to the collective funds-of the nation. At times, arising from the War, first in the army, the navy, and 
Ministers appear to have been, actuated by suclr views, - the Civil service of Government; and next in the supply 
having repealed several taxes on account of the injury of arms, clothing, naval stores, repairs of shipping, 
they caused to trade and manufactures, such as those on building of barracks, and the performance of many other 
. sa1t h on coals, on betnp and silk, end the tonnage duty contracts. That these employments were of great 
. on. shipping:, but much that was injurious remained. extent was evident at the time to all who had the nppor- 
Theaxjasiqn son which the financialknowledge .of the lunity of personal observation, and is equally evident 
’ KousedfCdmmoflswaschieflyput tbthetestwereinI8ll,. to Other**, by the unparalleled expense of the war, winch 
in the discnSsiOnaon the Bullion question, and in‘1819 on beginning at twenty millions sterling a'year, extended, 
the resumption of cash payments. What an inattention to progressively to thirty, forty, and eventually to upwards 
facts did these discussions discover t how scanty a know- of .fifty millions a year. 

ledge of Statistics 1 hour great a tendency to adopt plan- V The' number of men withdrawn from productive in- 
a>bie .theories a&$ to-ha*teato premature-conclusions! dustry, and employed in the army, navy, und militia, 

. The causes are.,that the meroautils Members of the Was., great beyond, example. . Already, in the year 1801,. 

House are lUtle in the h^btt of public speaking; while ' they. amounted to 400,000* under arms, to whom we 
*>f .the other: Js®®bert| the major part, Orb,.unacquainted, may add at least half as many tor the manufacturers of 
not.merely with Commerce, but withthe'prmClptes' of clothing and arms, the shipwrights, the importers ot 
voc. vr. ”‘ V. p 
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Commerce. nava i stores, the performers of contract work for Govern- Europe, maintained long- ami expensive struggles with Commerce. 
v_ " 4 ment under various forms; making in all 600,000 men powerful States, in particular with Spain and France; '“■"‘"V""*'' 
employed for account of the Public. This very large hut the scale both of the revenue and public debt of 
number was drawn from the able-bodied part of the Holland was hut a miniature of that, of England-, 
population, who would otherwise have been added to But how were we enabled to continue so long and 
our farming labourers, our mechanics, our ninniifacturers; so enormously expensive a contest?' Because, of this 
in the same manner ns the officers in the army and navy, vast outlay nine parts in ten, or rather nineteen parts in 
and the emptoyh in the Civil offices, were young men twenty, wefts little more than a circulation; a reissue to 
who would otherwise have been occupied professionally the Public for clothing, stores, the pay of the army and ‘ 
or commercially. Hence- a great demand during the navy, and other heads of expenditure, of the very large 
War for the service of individuals in the middle as in sums drawn from the Public by louns and’ war taxes, 
the lower ranks ; u rise in the rate of wages, salaries. Thus the Treasury received front the tax-gatherer and 
and the price of commodities in general; together with a loan-contractor a given sum ; it reissued the same in 
ready engagement for almost all, high or low* who were payment of stores, of personal service, or of the interest. 
able and willing to work. Many who, from deficient of borrowed money; and the respective parties, thus re¬ 
activity or mediocrity of parts, would in a state of Peace ceiving sums from the Treasury, jiaid back great part in 
have remained unemployed, were brought by the War into excise and other duties. Our taxes and our expenditure 
situations attended with income; many of them in were thus a continued circulation, and had they not been 
the public service, others in that of individuals. No so, neither this nor any other nation could have with- 
wonder that under such circumstances tlic means of stood them for two years; but the difficulty is explained 
rearing a family should be augmented, and that our from the time at which we see the Exchequer returning 
numbers should continue to increase. The waste of War with one hand what if had received with the other; 


was little felt in comparison with the number (250,000 
or 300,000) added annually to our population. The 
rate of increase was greatest in towns, the higher wages 
inducing many thousands of the country youths to be- 1 
come mechanics and manufacturers. Now in towns, 
particularly in the larger towns, the working classes 
being so much better paid than in the country, can 


particularly when we find that no less than twenty mil¬ 
lions a year of our expenditure were at* the charge of 
posterity; that is, the money borrowed yearly during 
the War was on an average twenty millions; so that the 
circulation of that very large sum stimulated our pro¬ 
ductive industry without any other burden at the time 
than that of the interest. 


afford to live better, and to consume more articles pro- It may be useful to cxplniu what is meant by an ex- Charging 
duelive to the Exchequer. They wear better clothing, pression which is applicable to persons in trade under audcounter- 
consume more animal food, as well as more groceries, any circuinstances, but particularly under such as we vlim-ging in 
Increase of beer, itnd other exciseable articles. These details, homely are now describing. The rise which dnring the War <radc - 
the revenue n s they are, require to be stated, because the consitmp- ' took place in the rate of wages, joined to a rise in the 

«hirin, the j; on j| le lower orders forms a material part of the price of raw materials, such as wool or ilux, led neces- 

* r ' v venue, ami our object is to show in what manner and Sarily to arise in the price of the finished article ; that is, 
from what causes, the public income, increased' in so the manufacturer charged to his customer the additional 
remarkable a degree during the War. sum he had been obliged to pay to his workman' and to 

Our taxable It may he useful to attempt a short sketch of fhe tile grower of the row material. The purchaser nutu- 
incorne. heads of our taxable income. It consists first of the rally objects to this extra demand or not, according as 

income of the upper and middle classes, and next of lie may find difficulty in charging it again to the export- 

that of the better paid portion of the lower orders, the ing merchant, or to whoever buys frorp him. But, at a 
• whole coming under the following heads: time when prices generally were on the rise, there was 


Rent of land ; 

Rent of houses; 

"Dividends from the public funds ; 

Pay of the army, navy, and public offices ; 
Income from trade and professions ; and, lastly, 
The wages of the better class of mechanics 


little objection to an augmented charge; the principal* 
point was to obtain the goods. In like manner our 
fitrtners, receiving a higher price for fjieir com and 
cattle, had no objection to pay back a part of their new 
profits to the different shopkeepers and tradesmen from 
whom they received supplies. It was thus that the 


manufacturers. 

Now the effect of the War and of the extended circu¬ 
lation of Bank notes was a great increase in the pecu¬ 
niary receipts of individuals; in the rate of wages, 
salaries, and the price, of commodities generally. This, 
in other words, was so much added to the money amount 
Its great of the national income subject to taxation. In 1792; 
increase. before the War, our national income, subject to taxation', 
appears not to have exceeded in money one hundred 
-and thirty millions sterling; 

But in 1806, after thirteen years of war, it had risen 
to two hundred and twenty millions; 

And eventually, in 1813, after twenty years of war, to 
three hundred millions f 

Such was the extraordinary result of a War, conducted 
chiefly by means of Bank paper. In former Ages the 
small Republic of Holland, which, compared to other 
Countries, seems little more than a speck on the Map of 


extra price paid ha one stage of a transaction was repaid 
to the disbursing party in the next'; charging and 
countercharging went on hi >} circle; and with compa¬ 
ratively tew objections after the exemption from cash 
payments iti 1797 made money permanently abundant. 

Such were the causes of that remarkable state of 
things in which our resources seemed to increase year 
after year with the demands on them-, and the magni¬ 
tude, of our financial means were an much an object of 
surprise to ourselves as to the nations of the Continent. 

But so tmnatflntl a combination of circumstances could 
not ; test ; die War came to an end; and with it our loana 
and War-taxes. Our army and navy were reduced ; the The Peace 
militia ceased to be embodied • the contracts for stores and general 
were greatly lessened. The thousands and tens of thou- of 
sands of able-bodied men lately drawn away fbr thepublic P™** 1 . 
service, fere now left quietly at boom and allowed to fol¬ 
low a productive employment. Reace a general fell in 
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Caunnwtce. the price of commodities, followed by the noniemploy roent 
of very many persons, and by reduced wages to those who 
were kept at wqrk. Corn, which had so long fetched 
a high price, now fell thirty and forty per ccnf.; the fall 
was equal in other articles, such as timber, hetnp, flux, 
in every thing, in short, of which the import from 
abroad, long prevented by the War, was now open and 
unrestricted. The consequence was the failure of many 
. thousand persons, whether agriculturists, merchants, or 
manufacturers, and a general complaint that though the 
income-tux, amounting to so much as fifteen millions a 
year, was taken off, the pressure of our public burdens 
was felt much more severely than duriugtlieWar. In 
fact, the Public have had since the Peace as much or 
; more difficulty ill paying fifty millions a year, as had 
been felt in payiifg seventy millions during the W&r. 

Never was there a more unexpected result. Our public 
men, far from anticipating financial embarrassment at a 
Peace, had considered it likely to be, what Peace had 
generally been in former Ages, a season of relief. The 
War hod lasted so many yenrs, that few either of our 
Ministers or our merchants, preserved an adequate re* 
Not under- collection of a slate of Peace. Sir Francis Baring, and 
stood liy our (tic incu of hie day, who had witnessed our financial 
public men. difficulties at the end of the American War in 1783 
and 1784, were no more; we had lost Mr. Pitt also, 
who, as he was the - only Minister who could have pre¬ 
vailed on the nation to iucur such an enormous expendi¬ 
ture, was the only one capable of devising measures for 
lessening its eventual pressure. Lord Liverpool, Mr. 
IluskisHon, and others of our public incu who gave, or 
rather endeavoured to give attention to such subjects, 
(fur the urgency of current business is too great to 
enable men in office to think either long or profoundly 
ou a difficult subject,) had not. from their time of life, 
witnessed the state of our trade and finance at the close 
of the American War. The consequence was that things 
were left to their natural course, aud no .step was taken 
by Government to lessen the reaction, or to relieve the 
classes mure particularly exposed to its pressure. 

Lord Lauderdale, who had studied Political Economy, 
aud had given a great deal of attention to the Bullion 
question, foresaw in the last year of the War a part of 
the approaching reaction. He stated in Parliament, 
that since the depreciation of Bank paper, twenty shil¬ 
lings of our currency were worth no more tlim^fifteen 
in gold or silver, and he recommended that, on return¬ 
ing to cash payments, existing contracts should be ad¬ 
justed in that proportion. There could be no doubt of 
the propriety of our returning, as soon as at all practi¬ 
cable, to cash payments, and of our getting quit of so 
glaring an irregularity, as that of Bank notes not con¬ 
vertible into coin; the question was an what terms, on 
what proportional scale, the reinstatement of our cur¬ 
rency ought to take place., Had Parliament foreseen the 
general decline of prices that has taken place, they 
would probably have listened to the admonitions of his 
Lordship, and of others, who entreated them to pause 
before engaging to pay in cash without deduction, the 
enphttous sums that had been borrowed in paper. But 
the close of the War was a time of general excitement; 
we had fought .pur battles with success^ we had accom¬ 
plished the deliverance of,Europe; we had reduced 
France and. her .proud ruler to their - -level; and 
among*® m&ny subjects of sslf-congratulation we were 
little disposed to listed -to- unfavourable views, or tp 
adopt negative measures. There watt a general expect- 
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ation among merchants, as among MemUrs of PnrJia- Commerce, 
liament, that the depression of trade would he of short *■ — r — ■ -> 
duration ; an impression which the course of events has 
been far from confirming. 

Fluctuations in mtr Trade since the Peace. 

The overthrow of Bonaparte, iu 1814, reopened k 
to our trade the Netherlands, France, Italy, Denmark, tWC'onti- 
in short pvery part of the Continent from which lie sent m the 
had excluded our merchandise during several years- l’ 1-111 lsl4, 
that is, from the time that he had thought fit to eulnrce 
the execution of his insane anti •commercial edicts 
of Berlin and Milan. These prohibitory decrees were 
coincident in point of time with our stoppage of the 
American trade, and under the joint effects of the 
two, the prices of various articles had risen to a height 
almost unknown in the History of trade; tcu selling 
on the Continent for .ten and twelve shillings a pound, 
sugar for five aud six shillings. This had led to 
very singular expedients, such as conveying groceries 
and other articles into Germany by land, unloading 
them first at Salonichi in Greece, and carrying them, 
on the backs of mules and horses, through Scrvia 
and Hungary, into the heart of Germany, a distance of • 
nearly two thousand miles. Such was the miserable 
waste of money and labour consequent on the struggle 
between the two Governments; our Ministers having 
put an end to the navigation of neutrals, and Bona¬ 
parte being determined tiiat British shipping .should not 
take their place. Happily the overthrow of his armies, 
first in lluSsia, afterwards in Germany, burst the chains 
by which he-fettered the activity of merchants, and 
opened the Harbours of both flic North and South of 
Europe, to our exports. But, as usual, the ardour of 
our merchants carried them too far, tor they had no 
adequate idea of the impoverishment of the ContinenA.-^ 
Looking on the Map at the vast extent of coast, and at 
the number of large cities now rc-opeued to our trade, 
our speculators considered, that if England alone a mi- - 
sumed annually above 15,000 tons of tea, and 150,000 
tons of sugar, the, consumption of the Continent must 
be nt least equaL Of the success of these adventures, 
the speculators had no doubt; their anxiety was to lose 
no time; to be the first to arrive in the Continental 
markets. The result however vvas, in general, unfor¬ 
tunate; the foreign buyers were wholly unable to pay 
the price required to indemnify the shippers in Eng¬ 
land : and since it was necessary that sales should be 
made, they were made at a ruinous sacrifice. 

Such was the state of our foreign trade at the end of 
1814. The year following was ushered in by the news 
of the Peace between England and the United States of 
America, which opened or seemed to open a greul market 
for our manufacturers. This was a new field aud re¬ 
garded a class of our tradersquite distinct from t hose w ho 
had suffered by the exports of the year before. They 
ware, however, as full of ardour as their predecessors, 
and, on reforriug to the Custom-house returns, we find 
timt the quantity of British goods sent abroad in lsl5, 
was great beyond example. But the result was very un- i; x ,iorts it> 
propitious, and our merchants were now taught to their the United 
cost how greatly our Government had erred in stopping -States in 
the American navigation during so many years. By 1 J - 
doing so they had Jinpoverislied our Transatlantic cus¬ 
tomers in nearly the same manner as Bonaparte, by 
his tyranny, had impoverished Holland, I’lusm.*. and 
i> ii 
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Commerce, other parts of the Continent. The selfish ami hcad- 
strong enthusiasts in this Country who, in 1S07. hud 
prevailed on our Ministers to issue the Orders in Conn- • 
cil against American navigation, had no idea of the 
extent of the mischief that would recoil on ourselves. 
The result For all this we suffered severely in 1815 and 1816; 
unfortunate. our only satisfaction was that the very low prices at 
which our goods were sold in the United States, checked 
the new establishments in that Country, and showed 
how unavailing it was in a quarter wherein labour is so 
high-priced, to enter into competition with the mantis 
facturere of England. 

Next came the overthrow of Bonaparte at Waterloo; 
an overthrow so complete as to give assurance of a 
general and long-continued Peace: hence a great reduc¬ 
tion of the military establishments in every Country in 
Europe; the return of many hundred thousand men to 
productive employment, and’ a general fall in prices. 
Was it then matter of surprise, that so great and sudden 
a transition should have produced that general stagna* 
tion of business; that want of work for the lower 
orders; that pecuniary embarrassment in the middle 
and upper ranks, which. will so long mark iu gloomy 
General di*. colours the year 1816? Corn and country-produce had 
,r “* in been at low prices during two years; many of our 

3 ‘ farmers had failed; many others were paying .their 

rents out of their capital. Among merchants and 
manufacturers the decline had been equally great; and 
men inquired anxiously of each other, from what un- 
known cause the' high prices and prosperity of a state 
of War had l)een succeeded by such general impoverish¬ 
ment. On this occasion, however, our distress did not 
last long ; favourable exchanges brought us large sums 
of gold and silver from the Continent; the Bank of 
England, and,in consequence,the private Bankers, were 
at case as to money; and the bad harvest of 1816, 
‘though productive of extreme suffering trf many of the 
lower orders, gave the fanners assurance of high prices 
for a certain period to come. This operated as a stinxu- 
‘ lant to the employment of country-labourers; and the 
course of circumstances led to a corresponding revival 
of industry In towns. 

Revival in Circnmstances were similar during the year ISIS; 
1818. the demand for workmen and the rate of wages pro¬ 
gressively advanced; funded property rose in price; 
the case was the same with landed property, no that this 
proved the most stirring and apparently prosperous sea¬ 
son we had had for many years. It is necessary to 6ay 
“ apparently," because unfortunately the high wages 
and high prices of this interval, its large sales and 
liberal profits, were of short duration. Trade had, aa 
usual, been overdone; we had imported of various com¬ 
modities more than we could turn to account at the 
time; the speculators, at least the needy part of them, 
were unable to wait; goods were forced on the market, ’ 
and the result was a series of losses, Insolvencies, and 
bankruptcies. At that moment, Parliament decided 
on the resumption of cash payments; and although 
the act was prospective, and allowed the Bank consider¬ 
able time to effect the change, there prevailed from that 
time forward, among merchants as among agriculturists, 
an apprehension that they would be straitened in pecu¬ 
niary means, and that the prices of commodities could 
’ net be otherwise than low. 

low prices The veers 1819 and 1620 were thus passed in a Ian-. 
in 1819ud guid, discouraging manner; in the latter the harvest 
W20* proved uncommonly abundant, and the price of corn 


and country-produce experienced a fall. This tended Commerce, 
greatly to the relief of mechanics and the lower ranks ■—«s—•• 
in towns, but as greatly to the injury of farmers, who Committee 
declared Iftudly that with such low prices it was’ wholly «o Agricub 
out of their power to pay their rents. Hence the ap- 
pointment, by the House of Commons, of a Committee 1 
on the state of agriculture, which sat many weeks, exa¬ 
mined a number.of witnesses, and made a long and 
comprehensive, though- by no means a perspicuous 
Report. The writers of that Report took a historical 
view of the state of the landed interest for more than 
half n century, and enlarged on the*prospcrity which had 
always attended it when pur merchants ami manufac¬ 
turers were thriving. The inference was, that the 
interests of traders nnd landholders were identified ; and 
. that if would be vain to expect relief to the one by im¬ 
posing a burden on the other. The agriculturists 
complained of the pressure of taxes; but the Report 
forbade any attempt at trenehing on the property of the 
fundholder, and encouraged the landholders, at least 
that large proportion of them who had to pay interest 
on borrowed money, to expect relief from a very differ¬ 
ent cause; from the probable fall iu the rate of interest, 
the state of the money-market indicatin^nn approach¬ 
ing reduction from five to four per cent. The cxpccta- Monied ca¬ 
tion thus held out was realized to a considerable extent, l’ ,,al 
monied capital became abundant; and in the course of a un ' 
1822 and 1823, a general reduction of the rate of in¬ 
terest took place. 

This abundance of monied capital continued and pro- Us favmn- 
duced its usual effects; a general rise in the value ofaMevfiect 
funded property, whicli led many persons to sell out and on ,riMlv ' 
invest their money in various undertakings, such ns the 
purchase of land, building houses, improving rouds, or 
excavating canals. All this tended to create work and 
excite a general activity. Add to this that the price of 
corn having at last experienced a rise, the farmers were 
in some measnre relieved, and enabled to circulate money 
as well by employing more labourers, as by making 
purchases from tradesmen and manufacturers in towns. 

The Commercial tide was now turned in our favour, 
and the year 1824 proved eminently prosperous. It 
was marked by a contilmed rise in the price of funded 
property, a general briskness in our markets, and a con¬ 
siderable surplus iii the public revenue. The abundance Joint Stock 
of mo^jed capital led to the formation in that year' of j n ' cl 
numerous Joint Stock Companies, On? of the first ia 18 1 
of these was the Alliance Insurance Company, the 
stock or Shares of . which rose to a premium, not so 
much from expectation of large profits, as from the 
wealth of Mr. Rothschild and other leading parties iu 
the direction, and from general confidence in their ma¬ 
nagement- Next came the formation of several Mining 
Companies in connection with 'Mexico, and one with 
Brash; ’• This took place at a time hy no means favour¬ 
able to prudent management,' for whenever money has 
been long abundant, the feeling engendered partakes more 
of confidence than is fitted to commercial enterprise. 

The Milling Companies formed in the first instance pro¬ 
ceeded on fair grounds ; on information which, though 
very imperfect, had for its. basis to engage only in mines 
pf good repute. ' For* a time the stock or Sltares of 
these Companies bore a- Moderate premium: it was not 
until the fatter months of-the year (1824) that their 
price bOgan to give evidence of an abuse of prosperity. 

It then-rose wpek after week, hot from the receipt of 
any irtfeiligenco of consequence, but from the continued 
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Commerce, abundance of money and from tjic puerile and visionary 
feelings which influence the Sioek Exchange, where, 
whenever circumstances have been for some time favour* 
able, the example of a few leading purchasers is so often 
followed by the mass with indiscriminate eagerness. 

The year . We are now arrived at the memorable 1825, a year 
1885. in'which the spirit of speculation in this Country reached 
a height that rivalled the excitement of the Mississippi 
scheme in Prance, or of the. South Sea Company, a 
century ago, in England. What were the causes of 
such infatuation among merchants, who, in general, 
had considerable experience, and bad witnessed the 
evils of reaction in the money market? It was to be 
. ascribed to a concurrence of flattering circumstances,— 
to abundance of monied capital, a confidence tbaj, such 
would continue, a progressive rise in the public funds, 

. ami an exaggerated notion of the wealth of Mexico 
and Peru. The real circumstances of Mexico were 
little understood, in England, or in any part of the 
North of Europe. The persons who had emigrated 
from Mexico after the Civil War, repaired not to this 
Country nor to our West Indian Colonies, but to Cuba, 
Bordeaux, and Spain. Cadi/, and the smaller maritime 
towns in Sjuffn connected with Mexico in trade were 
the proper quarters to obtain information ; but of ail 
the Mining Companies then formed, not one thought it 
necessary to resort for ndmonitory instruction to so dis¬ 
tant a quarter. Their Directors had before them the 
flattering statements of Raro.u Humboldt; they had a 
vague hut highly favourable notion of the productive¬ 
ness of the minus of Mexico ami Peru; and they had 
very little experience of the manner in which one sum 
of money after another is absorbed in those hazardous 
undertakings. 

The managers of. these Companies were almost 
equally in the dark in regard to points of vital import¬ 
ance at home. The abundance of money in this Coun¬ 
try Was great, but iyaa it likely to continue, or did it 
not proceed in a great measure from the issues of Ranks, 
issues' necessarily uncertain and liable to be recalled 
whenever the course of exchange should carry our gold 
■abroad ? Questions such as these were' unfortunately 
not put by one merchant to another; for deliberate in¬ 
quiry and soiier calculation were overlooked in the con¬ 
tinued rise of funded property and of almost all articles 
of merchandise. Men began to think th&t abundance 
of capital was natural to a state of Peace, and that the 
diflic ally would be in finding the rheans of investing it. 
Hence the large sums so precipitately lent to the South 
American States, which; whatever may be their eventual 
prosperity, are at present thinly peopled, badly governed, 
and, in many respects, in the infancy of their productive 
* industry. - ' 

Such was oar connection with Spanish America ljt\. 
1626. It hod absorbed, a large amount of British capi¬ 
tal ; but the great cause of pressure on our trade at the 
end of that year, and the origin of the unfortunate 
panic, whs of a different nature; it was to be sought in 
the purchase and import, on an*extravagant scale, of 
foreign goods, such as cotton, woo), sire, and Umber. 
This took place in the .following manner. It is usual 
. at the end of the year for brokers in colonial produce 
to report tq their various friends and connections, in a 
printed, circular, this state of the, home market, and the 
ttrchsiM ammint of the expected supply. ■ The import of cotton 
“TSolw tawingbeen taafri 1824 than in preceding years, sad 
on iu 1825. t j ie stock oh hand not great, it occurred to certain spe¬ 


PmchsiM 

on specula, 
tionu> 182 { 


culators that this bare state of things joined to the Commerce. • 
great activity of our manufactures nt Manchester and s—-v-**-' 
elsewhere, was likely to cause an insufficiency in the 
supply and 'a consequent rise off price. Hence exten¬ 
sive purchases of cotton .were made in the Liverpool 
market in January 1825, and orders for further purchases 
were sent out to various foreign Countries; to Carolina, 

Georgia,.Brazil, and even to the East Indies. Silk and 
a number of other articles were ordered in like mariner; 
not that the supply, was actually deficient but that it 
might become so, in the event of our consumption pro¬ 
ceeding in an increasing ratio. *, 

The Public were then altogether in a state to be ope¬ 
rated on«by stimulants; the prices of almost every 
article of merchandise had risen progressively during the 
preceding twelve months: hence an expectation that 
they would continue to rise, and that purchases made 
at almost any price would .be attended with profit. 

Hence also orders were sent abroad to buy up, not only Particularly 
cotton, but wool, silk, and other articles ; and as these > n foreign 
orders were conveyed in the private letters of merchants, h' 0011 *- 
and accompanied by no net of publicity, engagements 
were unfortunately contracted to a great amount before 
one merchant became aware of the extent of the purchases 
of others. Suspicion of the extent was first entertained 
by the underwriters at Lloyd’s Coffee-house, who saw in 
the insurances offered to them an evidence of imports to an 
unprecedented amount. This took place in the Summer 
months, but the magnitude of the purchases did not 
become known until the Autumn, when the goods 
reached this Country, and were reported at our Custom¬ 
houses. The sums to be paid fur these imports were 
immense, the goods having been in . general bought at 
high prices. Hence a continued drain of gold from the Our gold 
Bank, the export of the precious metals amounting exported, 
repeatedly, in this year of wonders, to so much os t^ 
million sterling a month. 

A few cautious persons had conceived alarm from a 
very different cause. A, number of London Bankers 
used during the War to have discount uccounts at the 
Bpnk of England ; several have continued them since 
the Peace, but first-rate Bankers make it a rule to avoid 
discounting at the Bauk, their own reserves being in 
general sufficient. But in this singular season it was 
observed that Banking-houses of the highest character, 
houses which had hardly ever been known to apply to 
the Bank for discount, found it necessary to do so. The 
cause waa the continued demands on them by the country 
Banks in their connection : the alternative for the London 
house was either to withhold aid from the country Banks 
at the risk of making them suspend payment; o« to 
afford supplies, by submitting to send in bills for discount 
at the Bank of England. They preferred the latter, and 
supported the country Banks, so that, though a number 
of the latter found their fuuds lessened during the Sum¬ 
mer, no’ failure of consequence took place among them 
till the latter part of the year. 

Many persons were surprised to find the scarcity of Distress of 
money begin in the country, having expected it would our Banks, 
have shown itself first in London. But, in fact, the 
drain of gold was great in both at the same time; that 
it waa not earlier felt in London was oning to the 
large amount of treasure in the coffers of the Bank of 
England, the -.ccumulation of four years of favourable 
exchanges. 

' Such were the chief causes of the two great mercan¬ 
tile convulsions (1816 and 1825) which have taken place 
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Commerce, in this Country since the Peace. More thau seven years 
have elapsed since the latter and the eft-eater of these 
convulsions; but there has occurred in that long interval 
little to call for remarks in this .summary, because, iu a 
commercial seuserits character has beeu nearly uniform ; 
viz. sales and purchases of merchandise have taken place 
to u great extent, but almost always at low prices. One 
part of our Custom-house books exhibits the quantity. 


another the value of our exports: in the former these Co 
has been a progressive increase; in the latter an equally 
regular decline ; the consequences to be expected from 
long continued Peace, and open intercourse with Coun¬ 
tries iu which the rate of wages and.cost of subsistence 
arc lower than in England. To put this iu a clear light, 
we exhibit iu opposite columns the respective effects at’ 
Peace and War on the price of commodities. 


War. Peace. 

Effects of The rise of prices during the War was caused as The fall of prices since the Peace has been caused by. 
Peace and ^°^ OWS : *" 

priceofcoiu- * st< The ‘* pm!UU * f° r men for the public service raised 1st. The cessation of the demand for men and money 

modnies. the rate of wages, and the demand for money raised the for the public service, 
rate of interest, both of which .tended greatly to raise • 

prices.' * 

•2d. The insufficiency of our crops caused by an 2d. Since tile Peace the number of bad or indifferent 
unusual number of had or indifferent seasons, (oiz. 1791, seasons (1916, 1828, 1829, 1830, 1831) has not been 
1793, 1799, 1800, 1S04, 1809, 1811,) and by the ob- so great; and the only obstacles to import from the 
stacks to import from the Continent. Continent have been our Corn Laws. 

3d. The increase of taxation. 3d. The taxes have been reduced by more than 

twenty-five millions a year since the peace. 

4th, The great expense of freight, insurance, and 4th. Freight, insurance, and other import charges 
other charges on the import of foreign goods. were reduced more than half by the peaife. 

5th. The depreciation of our Bank paper, particularly 5th. Our Bank paper rose to a par with coin in 1816, 
in the last five years of the War. and, with the exception of otic interval, (181S and 

.1819,) has ever since maintained an equal value. 


Much has been said of the fall in prices in England 
from the contraction of our paper currency, and of their 
frill iu Europe generally, from the reduced supply of the 
precious metals during the last twenty years. Each 
has been serious in its operation ; but the great and 
overpowering cause of the decline is the absence of a 
demand by the Governments of Europe of eititer men or 
*%aoney for the purposes of War; the restoring to pro¬ 
ductive employment the many millions of capital, the 
hundreds of thousands of able-bodied men who were 


Prospect of formerly withdrawn from.it. The prospects in regard 
continued to the price of commodities, of every class, whether 
* 1 ° ace- agriculturists, manufacturers, or merchants,are all mainly 


dependent on the probability of continued Peace. Any 
plan for the relief of the productive classes, for lessen¬ 
ing the pressure which has long borne, and still bears, 
so hard-on them, must have reference to and depend on 
the prospect of the nation in that respect. We shall, 
therefore, bestow a few paragraphs on an examination 
of this question : on the causes of the Wars which 


during the lust century and a half have so seriously 
affected our commercial situation; and on the circum¬ 


stances which justify a hope of their less frequent 
occurrence in tuture. 


cumstances are now greatly altered: France is still 
suffering from a series of disastrous contests, and has a 
population sorely divided in political feeling. Peace 
is indispensable to heal the wounds inflicted by the 
Revolution and the tyranny of Bonaparte, while as to 
national union the present generation and probably the ■ 
next must pass away eve it can be restored. And even 
were there to arise in France a Government inclined to 
War, the power of that Country computed to ours is no 
longer such as to he a subject of serious alarm. A cen¬ 
tury ago, Great Britain and Ireland bore to France, in 
poiutof population, the proportion of only 45 to 100; nor 
was the proportion of national income much more in our 
favour; but so mucii greater has been the ratio of our 
increase iu the lust hundred years, that, iu population, 
we now hold the proportion of 75 to 100, and in tax¬ 
able income of 100 to 100. These are not mere cal¬ 
culations oil paper; they are actual rcsuXs founded on Surprising 
substantial and permanent grounds ; bn the advantage increase 
of our iusnlar position j our extensive canals; our mines of ear re, 
of coal and iron; our superior capital; our formed sourccs ‘ 
habits of industry. These have been the causes of tho 
surprising increase in our resources during the last cen¬ 
tury ; and they promise a still greater increase in that : 


Causes of 11 was ,lot until the Revolution of 1GS8 that this which is now in progress. 

former Country took a decided purl in Continental politics, and At what period did the effects of this increase in our 

Wars. began to carry on Wars on a large and expensive scale, wealth and numbers become" apparent la our military 

This sacrifice our increasing resources fortunately cna- exertions? To pass over the brilliant era of 1759, when 
bled us to make, and it was strongly called for by the the talents of Lord Chatham maybe considered to have 
stale of foreign politics. Louis XIV. had acquired a turned the scale in oiy favour, and to fix our attention 
preponderance which threatened the independence of on 1778 and, the following "years, Wlfen France, Spain, 
Europe; Germany and Holland were unable to keep and. Holland had taken part with America against u% 
that restless Prince within bounds; an extended coali- we found our resources, though wielded by no feeble a 
iion was required; and England was invited to lie one Minister as Lord North, sufficiently great to conduct us 
of its leading members. In our own days, a similar with honour out of the contest, In the Wars of (ho 
drehd, first of anarchy from the Revolution, afterwards present Century, the surprising Increase of our national 
af a general usurpation by ■ Bonaparte, led us to make • 8m in the gupphunant to .the Mncj/clopadi* Snlaai uml tho 
unparalleled sacrifices in opposing France. But cir- headsand France. 
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Disposition 
of Ine 
French. 


Cemnmee. means was put beyond all doubt, and in fixing the con¬ 
ditions of the Treaties of Peace of 1814 and 1815, our 
Ministers gave an assurance to the World, that they no 
longer thought ft necessary for the safety of England 
that the .power of France should be impaired. On 
those occasions, our allies would readily have effected a 
dismemberment of her territory, by separating from her 
such Provinces as Alsace, Lorraine, Franehe Comtfc, 
■and French Flanders: but our Ministers knew the aug¬ 
mented strength of this Country, and that France 
was no longer an overmatch for us. Instead; therefore, 
of seeking to weakeu‘France, they appear to have con¬ 
sidered the maintenance of her integrity essential to the 
equilibrium of the Commonwealth of Europe. * 

In the situation of the French, various circumstances 
are in favour of continued Peace.* The ship-owners, in¬ 
surers, and other classes, who in this Country derive 
great temporary advantage from a state of War, are of 
very little account in France: the same holds in regard 
to the monied interest, the merchants and traders gene¬ 
rally ; all of these are on a footing much inferior to that 
which the same classes now hold in England, or held in 
Holland in the day of her prosperity. The great majority 
of the French die agriculturists, and a state of War can 
hold out little prospect of rise of price to the farmers of 
a Country which imports very little, because in nine 
years out of ten its produce is equal to its consumption. 
When to all these inducements to Peace we add, that 
the levies for the French army are still made by that 
most odious law, the Conscription, a law which, ope¬ 
rating by ballot, keeps parents in continual uneasiness, 
and takes young men from their homes at a time at which 
they ought to enter on employments for life, we shall 
have little difficulty in believing that a renewal of War 
would be extremely repugnant to national feeling in 
Fraucc. It is, we believe, equally repugnant to the 
views of the reigning Sovereign, who cannot but be 
aware, thnl with the great political divisions now existing 
in France, and which are likely to continue duriug the 
present generation,. h contest with this Country would 
be replete with danger to his sway. 

Another fertile source of War during the last century, 
the desire of possessing Colonies, has also ceased; 
Mexico, Peru, Chili., Brazil, are now open to every flag, 
and not likely to become a cause of War between the 
Powers of Europe. We have learned to our cost, how 
greatly they were overrated, and that Ages must elapse 
ere they Irecome really valuable. And those among us, who, 
dazzled by the increase of money incomes during' the 
late contests, consider a state of War conducive to na¬ 
tional wealth, will do well to bear in mind the distress¬ 
ing reaction of the last eighteen years. The War, it is 
' true, added largely to the income of our agriculturists, 
merchants, and manufacturers, but have we not, ini 
almost every year since 1814, witnessed the successive 
disappearance of those splendid- additions? Their 
foundation was temporary; resting cm high prices aud 
the demand of Government fur men and money, they 
ceased together with their cause; involving many classes 
of the community in alt the evils of a tre&isitson from 
affluence to. poverty, from hope to despondency. The. 
more enlightened part of the nation has now become 
aware of this temporary nature of such gains and of the 
immense loss attendant on such reactions. Our pulilie 
mm may therefore be oatnired. of Its support in that 
.pacific course, by Which alone they rtri hope to heal the 
wounde nf Iritykhd^og. lighten the burdens of England. 


Colonies no 
longer n 
cause of 
War. 


Assuming it, therefore, as probable, that a state of Commerce. 
Peace wilt be maintained for a considerable time, wc v — ./—»»* 
proceed to the interesting, it may be almost said, the Kt&ct of 
anxious question, how far. the reduced rate of prices 
attendant on Peace, will affect the state of our trade trade 
The first point is to ascertain to what extent our pro- ‘ 
duce and manufactures have undergone reduction in 
price, and in this we shall -be aided by the returns of 
our Custom-house. There is, as is well known, a 
double registry of our exports in the Custom-house 
books,* one founded on the market price, or the value l ’ 
as declared by the exporting merchants; the other 
a record of quantity rather than of price, the value 
affixed to each kind of goods being the same year after 
year, and taken from an official list or standard fixed so 
far bask as 1696. In this standard certain articles, 
such as woollens, linens, cottons, are computed at so 
much by the yard or piece; while others, such as hard¬ 
ware, leather, soap, are reckoned by weight. The result 
of this calculation is then entered in the Custom-house 
Ledger, and as details of quantity would be uninterest¬ 
ing to the Public, the rule at the Custom-house is to 
print nothing relative to weight or dimensions, but to 
give the result in money, and in the shortest form, viz. 
in one line for each year; thus, 

British Produce and Manufactures export'd in the fol¬ 
lowing Years, calculating first the quantities and 
afterwards their amount in. Monty, according to the 
official standard of 1696. 

Wab. Peace. 


1810.£45,869,859 

ISII. 82,809,871 

1812 . 43,243,173 

Totat oft {£ e “ll21,922,703 

years of vYaqj 

Annual average.40,640,901 


1826 .£40.965,736 

1827 . 52,219.280 

1828 . 62,797,453 

Aunualaverage 48,660,823 


These sums being merely on index of quantity, it fol- Export* 
lows, that in that respect, there is, since the Peace, an 
increase of more than 20 per cent, in our exports ; but 111 ,J ' 
in their value the result is very different. 

Value, or Market Price of the abovemenlioned exports, 
as declared in the respective years , by the exporting 
Merchants. 


War. ■ 

1810 .£49,075,634 

1811 . 34,917,281 

1819. 43,657.864 

Total.. 128,550,779 
Anuualaverage 42,850,259 


Peace. 

1826.£31,536.723 

JS27. 37,182,837 

1828. 86.814.170 


Total.. 105,533,736 
Aunualaverage 35,177,9 i 8 


This return exhibits, in the' first instance, a decrease 
in the money Value of our exports since the latter years 
of the War, of nearly 30 per cent. And as we have seen 
that our exports in late years are greater in quantity but less iu 
than during the War by 20 per cent., it follows that value, 
the total decrease, in the money value of British produce 
and manufactures exported, is nearly 50 per cent, com¬ 
pared to our prices twenty years- ago; that is, when 
foreigners pay for our goods in money, we .receive only 
£50 for articles which twenty years ago produced £100; 
a formidable reduction truly, but fijhunotely little more 
than nominal, since the articles supplied by foreigner# 
in return, such as wool, cotton, silk, lead, have tit Hen in 
ah equal, or nearly an equal proportion. 
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Co.nuiiTci, It may be interesting to our readers to murk the steps 
in this progressive decline of prices-; and for this purpose 
we shaji select by far the most important article in our list 
of exports,—our cottons. In the year 1814, the market 
price of our cottons was nearly the same as the rate at 
which they are valued in the Custom-house ledger; that 
is, a given quantity of cotton goods, amounting, by the 
official standard of valuation, to Xl 00, might have been 
bought in. the market for XlUl. Observe how con¬ 
stantly, and even rapidly, the market price has declined 
since that time. 


Decrease in 
the price of 
cottons. 


Year 

1S14. 
is 11. 
1816. 

1817. 

1818 . 

1819. 

1820. 
1821. 
1832 . 

1823.. 

1824.. 

1825.. 
1828. . 

1827.. 

1828 .. 


CoUon Goods exported. 

Valuation by Ihe Custom- 
htmsu Rate*. 

.X100.. 

. 10(7. 

. 100.,..,. 

. 100. 

. 100. 

. 100. 

. 100. 

...... ' 100. 

. 100. 

. 100. 

. }00. 

.. 100...... 

. loo...... 

. 100_-.. 

...... 100. 


Market Price. 

*.X10i 
. 90 

. 80 
. 70 

. 77 

. 72 

. 67 

. 64 

. 59 

. 56 

56 
. 57 

. 49 

. 47 

46 


Market Pike Market Price 
in 1814. in 1838. 


60_ 5,000,000 

58. .'.. 2,000,000 

48_ 800,000 

44.... 11,000,000 


We find here a decline, and to a considerable amount, 
in every year, except in the two seasons of excitement, 
1816 and 1825. la other articles, the fall of price has 
not been altogether so great as in cottons ; thus 

Manufactures exported / comparative value of the same 
qOahtity at different periods ; vis. in 1814 and 1828. 

Average Annual 
Amount rajxMrted 
In lik*) Qor4. as 
declared by t itc 
Merchant:*. 

OTother Hardware .X100 ... . X66... . Xl ,300,000 

ROOUS - Woollens.100 .. 

Linen.*.100 .. 

Silk. 100 .. 

Cotton.100 .. 

leather alone has] 
nearly maintained >100 .... 98..'.. 800,000 

its price. J 

ThU fall of price, however, ia a loss only iu some re¬ 
spects ; for if we inquire into the manner in which it 
has taken place, or under what heads of charge it ought 
to be appropriated, we shall find it to have arisen from. 

A reduced price of wool, colton. silk, and other 'raw 
materials; 

The man- A reduction of wages to the workmen, and of profit 
*? ef °[* udl to their employers; 

** sr *** c ’ Improvement of the machinery employed, and a con¬ 
sequent cheapening of manufacture from that, as well 
as from the greater subdivision of tins work. - 

As to the first of these heads, the supply of raw mate¬ 
rials continues abundant even at low prices. Cotton 
has declined ever since the Peace, yet the import in¬ 
creases', though tb#prioc » now only half of'What was, 
some tiro* since; accounted the lowest cost of its produc¬ 
tion. *Of wool, the ftdport front the North of Germany 
alone is now much greater than it formerly was from all 


foreign Countries together; and of silk, our Indian lerri- Commerce, 
tory offers a progressively increasing supply. Such are 
the consequences of improved modes of cultivation, and 
of the application to commercial objects of the vast 
amount of labour and capital formerly absorbed by War. 

Reduction of price, Rom such a cuusq, or from im¬ 
provements in machinery, ia evidently a'public benefit; 
but a decrease in the wages of workmen, or in the profits 
-of their employer^ is very different, and has, from its 
long duration, given rise to much distress. ' Relief is to 
be looked for, not from increase of income to either the 
employers or their workmen,' sutfh being altogether un- 
. likely in this season of profound Peace, but from a re- , . 

_ duction of expense; a fall, as Adam Smith would havq 
T terrnpd it, iu the cost of food, clothing, and lodging. This 
reduction has already token place to a considerable extent: 
the decline in the average price of wheat iu this Country 
since the Peace having been in the projiortiou of three 
to two; (from 90*. to 60s. a quarter;) a fall so great 
as to have'caused the gradual disappearance of most 
of the capital accumulated by farmers during the War, 
and to have produced a heavy deduction from the pro¬ 
perty of landlords. In what manner has this great 
change uffected our manufacturers and traders? In one Reiluctil 
sense it has been advantageous, in another the reverse ; l' T,ee 
it has lessened jto them greatly the expense of subsist- o ' o * 
cnce, but it has considerably narrowed the consumption lra j B . 
of manufactures and' merchandise by our now impove¬ 
rished agriculturists. The lutter are iu the present year 
(1832) in the same depressed state as ten years ago. 
and will do well to limit their expectation of relief to 
two points: the probable fall in the rate of the interest 
of mouey; and a further reduction in farming charges; 
in a return, in short, to the scale of 1792. 

- Many of our landlords and farmers are, as is well 
known, largely indebted: for money borrowed on mort¬ 
gage and other security. The Committee on the stale 
qf agriculture 'in -1621, aware that such engagements 
were of great extent, and that in time of Peace repay¬ 
ment of the principal was not to be expected, confined 
Us attention to the prospect of the agriculturists paying 
the yearly interest, and enlarged on the abundance of 
monied capital as likely to lead to a reduced charge for 
its use. The authors of that Report judged soundly, so 
fiir as regarded our political prospects ; they knew the 
aqxiety of our public men to maintain Peace, and in¬ 
ferred from the stute of France, that it was very unlikely 
that the 0qvcmment of (hat Country would for a long 
time incur the haadri} of Win*. The rate of interest de¬ 
clined, and borrower^ obtained nn abatement in general 
from five to four per cent.; but In a few years it rose 
again, id consequence of the infatuation,^ our Cnuutry- 
men. on tjte: opening of ^pantsh America,. The sums 
so- imprudently advanced ,to<that Oountry ln loans and 
mining speculations, or paidftfforeiguqn* for our importa 
'fc iSSfi," weeded al|anUck,tionand in conjunction 
with political- disquietude', have ever since kept our sur¬ 
plus of disposable capital 1 within narrow limits. But 
for sortie time back, dreubrttanoe* foyc been indicative 
qf its renewed abundance, and as ft is very unlikely 
. that bur merchants will tepeat tbe imprudence of send¬ 
ing Urge sums abroad, the agriculturists may entertain 
a hope of (he return of ^the advantages of 1822, without 
the reaction which was then incurred by entering on a 
new andnukoown fifld, . K , . 

,^’4 ’ t >\ ' 1 ‘ , _ ;.e. . ...... ■ * 

Having flow cwnpleled the Historical notice of our 








































109 


COMMERCE. 


Commerce, trade, we proceed to give an account of its present state; 

beginning with our Manufactures, a subject of sufficient 
interest to claim a minute and copious exposition. 

MANUFACTURES' OF ENGLAND) THEIR PROGRESS 
AND PRESENT STATE. 

Woollen ». 

The wool- We begin our sketch of the Notional Manufactures 
'fadure” U lts w ‘ t * 1 th® Woollen trade, as well on account ofitsimpor- 
• early state, tance #» because woqj was the chief article of export from 
England in early times. It continued to be so for several 
centuries after the Norman'Conquest, and was the result 
•of two causes; the great extent of our pastures, and 
the inability of our population to manufacture into 
cloth the quantity of wool annually produced. Our 
pastures arc superior to those of Frauce, Germany, or 
Poland, because in England rain is of more frequent 
occurrence, and droughts are comparatively rare; 
while on the Continent, at least in many inland parts, 
the grass becomes dry and parched during the Summer 
months. As to the state of our population, during 
the Middle Agps it was almost all resident in cottages; 
in other words, our agriculture was so rude and the per¬ 
sonal exertion of the husbandman was so little aided by 
machinery or suitable implements, that the labour of 
no less than four persons in five was needed in the 
fields to provide the subsistence required by the com¬ 
munity at large. Of the smallness of our towns an 
estimate may be formed from the following Tabic. 

STStl Population of the Chief Tou-ns in England from a 
i„ 1377 , Census ill 1377. 

London. 35,000 

York. 11,000 

Bristol. 9,000 

Plymouth .. 7,000 

Coventry. 7,000 

Norwich. 6,000 

Lincoln. 5,000 

Strum, Wiltshire... 5,000 

Lyun. 5,000 

Colchester. 4,500 

Canterbury... 4,000 

Beverley. 4,000 

Newcastle on Tyne ........ 4,000 

Oxford .. 3,500 

Bury, Suffolk.... 3,500 

Gloucester.... 1 each some- 1 

Leicester.> what more > 8,000 

Shrewsbury .. . j than. , J 

Such was the limited population bf our towns in the 
XIV th Century: in theXIIth and XHIth it was still 
smaller, while Flanders could boast of considerable 
. cities in Bruges, Ghent, Antwerp, and Brussels. Hence 
the superiority of the Flemings in weaving as in other 
Arts: their looms were better, their workmen were more 
expert, their employment was more subdivided ; there 
. was, in short, a more ready supply in their towns of all 
• things auxiliary to a complicated process of manufacture. 
English weavers, residing in hairnets or villages, mid in¬ 
differently provided with the'requisites for manufacture, 
could prepare only coarse cloths; the finer were made 
' in the Netherlands, and scat to England and France 
for sale, The money thus, obtained by the Flemings 
vox, vx. • , V 


for the cloths made of our wool supplied them „ r> 
fund for the purchase of further quantities of the raw SZS' 
material. Such was the routine of sale and purchase 
bet wee u the two Countries during several centuries but 
our Countrymen became in time desirous of extending 
their shore of the manufacture. Accordingly in <h,. 
middle of the XIVth Century, (in the active reign of Ed¬ 
ward III.,) weavers from Ghent were invited to settle 
in England and to introduce the art of making the 
finer woollens. They were established at first in villages 
in Kent and Essex, not far from London; not that the 
spots in question had any marked advantage as to fuel 
or water-power, the great considerations in the present 
Age ; but on account of their vicinity to conveniences of 
another kind, as by the Thames they could communi¬ 
cate on one side with London, on the other with the 
Continent. 

The inland Counties would not in that early Age 
have been suitable for such establishments, being de¬ 
void not only of canals but of roads, and presenting 
neither opportunity of sale nor facilities for manufacture. 

But in course of time those Counties became greatly im¬ 
proved, and the woollen manufacture extended to-the 
more remote parts of the Kingdom; first to Gloucester¬ 
shire, where labour and fuel w ere cheap and wool was 
to be purchased at the first hand; and eventually to the 
West Riding of Yorkshire, where to all these advan¬ 
tages was added the convenience of waterfalls for moving 
machinery. 

The extension of the woollen manufacture of England Slow pro- 
has been very gradual, because it was long carried on gu-* or this 
by insulated workmen, and received little aid from the 
mechanical discoveries and inventions which have caused ,ur “’ 
so rapid an increase in cotton-works. Another cause 
of its slow increase in former times, was that the sule 
ot the fabric was long confined to the liome-markct. 

France, Germany, and Belgium made woollens for* 
themselves; It was not till alter 1700 that the export of 
English cloth to Portugal and Holland became consi¬ 
derable, or that our North American and West Indian 
colonies acquired so large a population as to render them 
customers of importance. At the time in question, 

■(1700,) the value of our woollens sold for houic-con- 
sumption was computed not to exceed five or six millions 
Sterling ; that of our exports was between two and three 
millions; in all eight millions. In the course of the 
hundred years that followed, the quantity made for the 
home as for the foreign market appears to have nearly- 
doubled, and to have formed, in 1800, a total value of 
about seventeen millions. At present, (1832,) the value \'ilue an- 
of our woollens exported continues nearly as thirty years nuaily made 
ago, about five millions yearly, but that of our home- i:l 
consumption may be computed at seventeen or eighteen 
millions, making a total yearly value of twenty-tvvo mil¬ 
lions or upwards, the quuulily consumed at home having 
naturally increased in proportion to our population. 

Next as to the price of our woollen cloths at different Price of our 
perieds of our History, the fluctuations have been less "cohens. 
than is commonly imagined. In fact, if we p.-i-s over 
the temporary enhancement which in this, as in almost 
every article, prevailed during the Wars of the French 
Revolution, we shall find the money price of woollens 
to have, been nearly uniform for more than a century 
and a half. Of this wc hav e the means of judging by com¬ 
paring the present prices with what is termed the ofiuiai 
value, or scale of prices adopted in the year 16M», for 
the purpose of computing the value of our exports. So 
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Commerce, great has been the fall In the cost of wool anil woollen 
doth wnce 1815, that at present (in 1832) the price of 
either ini money is lower than it was a hundred and forty 
years ago; it must be admitted, on the other hand, that 
the cloth is lighter atid less durable. The wages of the 
weavers and other workmen are higher, but that addi¬ 
tional expense is balanced by the greater aid wc now 
derive from machinery, and the saving in the consump¬ 
tion of wool, The French hove not yet made an equal 
reduction in the quantity of the raw material; they use 
considerably more than our weavers in a given length of 
cloth, and their woollens consequently nre both thicker 
and heavier. 

Exports to The United States of America were long the chief 
America, foreign market for our woollens, end as their population 
was in a state of rapid increase, they purchased more 
after their separation from us in 1783 than at the time 
they were our colonies. The first blow given to this 
greut branch of our exports, was by on act of our own. 
Government; by the Orders in Council of 1807, which, 

. by stopping the foreign trade of the Americans, deprived 
them of the means of purchasing and obliged them to 
manufacture for themselves. Establishments were ac¬ 
cordingly formed for that purpose in the United States, 
and n large amount of capital was invested in them, after 
which it became in a manner obligatory on their Go¬ 
vernment to support them. That could be done only 
by imposing heavy duties on foreign woollens, particu¬ 
larly those of England; duties which formed a feature 
unfortunately too prominent in the American tariff of 
1828, and which are still persisted in to the incalculable 
injury of both Countries. 

Seats of the Next os to the chief seats of this manufacture in 
uroullen mac England, and the number of persons employed on it. 
uu fact nre in Though the value of the woollens, made annually is 
,U1 not nearly equal to that of our cottons, the number of 
persons employed in the formeT is greater, because ma¬ 
chinery is less used. The mechanical improvements of 
the past and present Age have been applied in the first 
instance to cottons; to woollens later and less exten¬ 
sively. As to the ports for the export of woollens, Lon¬ 
don was long tile principal, but Liverpool has taken the 
lead in that respect since the extension of canal naviga-' 
tion and the great increase of the comparatively neigh¬ 
bouring towns of Leeds, Halifax, and Wakefield. The 
West Hiding of Y orkshire, which, half a century ago, was 
supposed to supply a third of the woollens made in Eng¬ 
land, may now be considered as furnishing fully the half. 
Wiltshire, Gloucestershire, and Somersetshire, the other 
seats of this manufacture, have been nearly stationary; 
that is, without decreasing their respective quantities, 
they have had but little share in the great augmentation 
which has taken place during the last fitly years. 

Supply of As t0 the supply of the raw material at home, the last 
wool. century has witnessed a great increase in the produc¬ 
tiveness of our pastures, in the size of our sheep, and, 
consequently, in the weight of the fleeces. hi one of these, 
however, have advanced in an equal degree with our 
population, with the number of the buyers and wearers 
of our cloths; so that notwithstanding all the improve¬ 
ments in the.mode of preparing wool, and the reduced 
weight that now suffices for the same extent of cloth, a 
great increase has taken place in the import of the raw 
material. In former times, the only wool brought to 
England in large quantities was from Spain, a Country 
possessing in its mountains and valleys a great variety 
of climate and pasture grounds; the finer qualities of 
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Spanish wool were nsefitl, and indeed requisite for mix- Comwrte. 
ture with rtur own growth. About the year 1700, the fm- “" 
port of Spanish wool averaged about one million pounds Import of 
annually ; it increased steadily, but slowly, till towards 
the year 1775, when a rise hi the price of English wool 
and an extension of the manufacture caused a continued 
increase of import, so that about 1800, the Spanish wool From 
annually brought to thisCountry weighed about four mil- Sip¬ 
hon pounds. It has continued in some degree to increase, 
and may be said to have reached for some time back six 
million pounds a year; a large quantity certainly, but 
bearing no proportion to the surprising augmentation of 
our import from Germany. That Country, formerly of so From Ger- 
little account In the supply of wool, now annually sends many, 
us from twenty to twenty-five million pounds weight, so 
greatly has tiie management of its flocks improved in the . 
present Age, particularly in Saxony. Altogether the foreign 
wool imported into England at present is about thirty 
million pounds a year. Our home-growth being sub- 

S X to no duty or official inspection, its amount can only 
guessed at from the number of our sheep, and the 
average weight of their fleeces. If, as has been com¬ 
puted, the growth of wool iu Great Britain and Ireland 
be so much as one hundred and fifty million pounds, 
the total of Jhe wool used in our manufactures is about 
one hundred and eighty million pounds weight u year, 
its value about .£12,000,000 sterling. 

The export of English wool, long strictly prohibited, 
has been tree since 1825; it averages at present about 
three million pounds, and is made chiefly to France and 
the Netherlands. 

New South Wales and Van Diemen’s Land now 
send us a yearly supply of wool, ill quantity about two 
million pounds; the quality remarkably good. It is 
exempt from duty, while our imports from Germany, 

Spain, and other foreign Countries, arc subject to n duty 
of & halfpenny or penny per pound, according to their 
quality. 

Linens. 

We come next to a manufacture of as ancient, or nearly Lines 
as ancient date in England ns woollens, but of inferior 
importance in a national view. Though our climate is 
as favourable to the growth of flax and hemp as that of 
the Countries in which these products hpve been most 
cultivated. Such as Flanders, Germany, or Livonia, linen 
lias hot at any time ranked among our principal manu¬ 
factures. If of the common qualities enough for home- 
consumption has been prepared in England, the finer 
qualities have, in general, been imported; in. further 
limes from the Netherlands, but for a century and up¬ 
wards Atom the Nojth of Ireland. .Into Ireland, the cul- In Ireland, 
Uvatkm of flax And weaving of linen were introduced on 
a large scale above one hundred and fifty years am and 
have c ver since been patronised by Government. Liberal 
bounties were long paid on the export of linen, and what ' 
waa of far (more importance than a bounty, the consump¬ 
tion of England, aa regarded the finer qualities, was 
supplied byrthe Irish manufacturers. The quantity of 
listen imported from Ireland to England during the last, 
forty years tins annually amounted to thirty, forty, and * 
forty-five millions of yards, a part of which was re-ex¬ 
ported, fcnt a far greater part retained and consumed 
U home, The average value of this yearly supply from 
Ireland amounts,.even at (he reduced prices of late years, 
to two million* sterling. 
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Commerce In Scotland, the manufacture of linen baa, fa general, 
v —been confined to the coarser qualities. On these, also, 
a large bounty on exportation was given during nearly 
Xa Scotland, a century that the/might be enabled to maintain in 
America and other foreign Countries, a competition 
with the linens of Sikain end other parte pf Germany, 
which had taken a lead in the market, being both good 
in quality and moderate in price. Bounties, it is now 
. admitted, are, in nine cases out of ten, impolitic, and it 
had, perhaps, been better to bayc led our linen, like our 
cotton manufacture, to its natural course; the effect, 
however, of the aid foam Government has been to esta¬ 
blish linen-weaving on a very large scale in Great 
Britain as in Ireland, so that now that all bounty on 
linen is withdrawn, our Countrymen can continue the 
competition with the advantage of improved machtuery, 
of workmen long practised in their tasks, and of large 
sums of capital invested in the business. 

Principal In England, the chief seats of the linen manufacture 
scaia in are a t Leeds and Barnsley in Yorkshire, and in towns 

England. 0 f j egg ex tcnt in Lancashire and Cumberland. In Scot¬ 

land, they are in the Eastern Countierf, at Dundee, 
Arbroath, and Montrose. In Ireland, the seat of the 
linen manufacture is in the North, and the weavers 
live generally in detached cottages; but at Leeds and 
in Scotland, the business has for a considerable time 
been carried on in factories or collective establish¬ 
ments for account of mercantile houses. The latter 
having the command of capital, a subdivision of em¬ 
ployment, and the various other advantages of extensive 
cooperation, seem likely to prove, or rather have already 
proved, an overmatch for the cottage system; so that 
Ireland can scarcely hope, under present circumstances, 
to increase her products, particularly iu the more com¬ 
mon qualities. 

Annual The increase in the quantity of our linen annually 
value. manufactured has not been by any means in proportion 
to our population, on account of the surprising exten¬ 
sion of our cotton manufacture during the last fitly 
years. The total value of the linen made annually iu 
Great Britain and Ireland is at present about twelve 
millions sterling, of which two millions are sent abroad; 
the coarser sorts going to the West Indies for Negro 
clothing. As to the raw materials, both flax and hemp 
are considered by agriculturists as exhausting crops; 
they are, consequently, much fitter objects of culti¬ 
vation in Comtries like Prussia, Courland, or Li¬ 
vonia, where population is thin and corn law priced, 
than in England, where the farmers find consumers of 
corn in abundance almost at their doors. Qur imports 
accordingly have long been oh a great scale; of late 
years they have amounted to about twenty thousand 
tons of hemp and forty thousand tons of flax, three- 
fourths of both being from St. Petersburg, Riga, Ilevel, 
and other Russian ports in the Baltic and. Gulf of Fin- 
land. 

The Cotton Manufacture. 

The history of the cotton mauu&cture in England dif¬ 
fers materially fiom that of the woollen or linen: its intro- 
ductionwas much Inter; its extension has been far more 
rapid. Indeed, the progress of the cotton manufacture 
in England during the Last sixty or seventy yean is the 
most remarkable event in the history of our productive 
industry. About the year 1700, the total .import of the 
raw material did pot exceed five thousand bags of bales; 
during,many yearsJU increase was sV>w, bnt in the early 
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pftiftof the reign of George III. the invention of carding Commerce, 
machines and spinning jennies greatly extended the 
manufacture, so that in 1775, our average import of 
cotton became nearly 18,000 bales. 

By the end of the next twenty years, viz. 

in 1796, it averaged 100,000 bales or bags; 
in 1601 .... above 150,000 
in 1806 .... above 200,000 

in 1810 and 1811 above 300,000 
in 1816 ... .above 370,000 
since which date it has continued to increase every year, 
and at present (1832) exceeds tbe surprising number of 
800,000 bales, the average weight of which is not less 
than three hundred pounds each. 

As tlie cotton plant requires a great degree of heat The weav- 
to bring it to maturity, and India was one of the Tropical " l cut ’ 
Countries which was peopled at a remote date, we may ..iacUwil in 
consider it to have been one of the earliest seats of the India, 
cotton manufacture. It certainly has been so since the 
earliest records in authentic History, for cotton cloths 
appear to have formed an article of export from India to 
Europe at the time that the Indian trade was car¬ 
ried on by way of the lied Sea aiid Thebes in Upper 
Egypt. The lightness of these cloths made them easy 
of transport, while the low wages of workmen in India 
prevented aitempts in Europe to rival this manufacture 
during many Ages, iu short until the towns of modern 
Italy acquired considerable population. Even their 
efforts hardly deserved the name of rivalship, so superior 
were the fabrics of the Hindus; and it was not until 
half a century ago ttiut the improved machinery of Great 
Britain enabled our workmen to balance the cheap 
luliour of the East. 

We read in priuted works of cotton manufactures at Progress - 
Manchester, so long as two centuries ago; but these were of the ma. 
cottons only in name, the raw material being wholly 
wool, and the name of cotton given to the cloth from iu w n tt au ’“ 
resemblance to the cottons made in India and Italy. 

Wool ceased to be used iu this manufacture seventy 
years ago, but even theu the process of preparing this 
article tor a market was very primitive. The cotton 
weavers in Lancashire, like the linen weavers iu the 
North of Ireland, lived iu detached cottages, and were 
in the habit of going to market in the neighbouring 
town, first to purchase thread, afterwards with the 
finished web for sale. They thus received very little 
aid from shopkeepers or dealers in towns during the 
time the weaving was in progress, llut about the year 
1760, the Manchester dealers, finding the demand for 
cottous increase, came forward to assist the wearers so 
far as to supply them with thread, or if they preferred it, 
with raw cotton to be spun into thread by the weaver’s 
family ; engaging at the same time to be the purchasers 
of the webs at a given price. The workmen were thus 
considerably relieved, being assured of a market for ull 
Or almost all the cloth they could get ready ; but spin¬ 
ning by baud being necessarily tedious, the quantity of 
cottons made continued to lac very limited. At last, in Mechanical 
1767, an ingenious person, named Hargraves, invented 
tile spinning jenny, a machine which from (lie first 
enabled one person to spin eight threads with the same 
ease as one, and which was eventually so simplified and 
improved as to enable a boy or girl to work above one 
hundred spindles. 

This machine, however, was fit only for .spinning the 
weft or cross threads of a web, and had not the power 
of giving the firmness or hardness required in the warps 
<i 2 
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or running threads; but that great desideratum was soon silk, leather, aud other articles, the increase in the quau Com merce. 
alter supplied by the “ spinning frame,” the invention of tity annually made since the Peace has borne a propor- 1 
Mr. (afterwards Sir Ricnard) Arkwright, which spins a tion to the increase in our population, vix. about thirty 
vast number of threads of any degree of fineness and per cent.; but in cotton the increase has exceeded one 
hardness; leaving it to the person in attendance only to hundred per cent., so greatly it the use of cottons 
supply the machine with cotton, and to join the threads extended in this Country, South America, and India, 
when they happen to break. For this most important Another remarkable feature in our cotton trade ia the 
improvement a patent was given to Arkwright; its magnitude of the export compared to our homo-con- 
exdusive use during the period of the patent laid the sumption. Of the woollens made in Britain the pro- 
foundation of the vast fortune of his family; and on portion sent abroad is a* fifth or sixth; of our hardware 
its expiring in 1785, its general adoption greatly extended the proportion is somewhat more; but of cottons it is 
the cotton manufacture throughout the Kingdom. fully halt The reason is that theyiore sent not to a few 
One of the next improvements of consequence was the particular Countries, but to all parts of the World, 
introduction of the mule jenny, a compound of the spin- Taking the number 40 as the integer of our exports of 
ning jenny and spinning frame. All these inventions cotton and cotton yarn, the proportions of the different 'Couniriesfo 
related to spinning, and surprisingly extended the qttan- Countries will be as throws:, wJueh we 

tity of yarn. The object then in request Was machinery West Indies. 5 ^tSTwnfl " 

for weaving, nnd that was sometime after supplied by the Brazil. 5 cettou-j am. 

most remarkable of all these inventions, the power loom, Spanish America.. 4 

or substitution of mechanical for manual labour in weav- United States and British North America. 4 

ing. Power looms during the last fifteen years have East Indies ...;... 4| 

been multiplied to almost incredible numbers: they have, Africa ..... I 

it is true, caused a serious reduction in the wages of The Levant..... 1J 

weavers, and, consequently, a great deal of individual Germany.4 

distress, but, in a public view, they have bccu highly Italy..... Si 

advantageous. Without them, it would not have been Portugal..... 2J 

practicable to have increased so rapidly as we have done Spain..... 2 

the quantity of cottons made in this Country, or to have Netherlands..... I 

competed so successfully with the lower wages of Other parts.... 2 

foreigners. — 

Cotton in former times was imported from the Levant, ’ 

chiefly from Smyrnaafterwards from our West Indian Germany aud most parts of the Continent of Europe 
colonies, but from these the supply has been all along manufacture such articles as woollens, leather, linen, 
limited. Carolina and Georgia did not begin the culti- hardware, to the extent of nearly the whole of their con- 
vation of cotton until a recent date, vix. after 1790, but sumption, because manufactures in those branches were 
it has since been extended in these States in a surprising established in the respective Conntries several centuries 
degree. Of late years, the South Western States, New ago, in times when England had no marked superiority 
Orleans, and Alabama, have greatly increased their over her neighbours. But cottons came into demand at a 
cotton cultivation, so that the total yearly export from time when our productive industry was in an advanced 
the United States of America now exceeds eight Iran- stage, when our capital had become large, our towns 
dred thousand bags of about three hundred pounds each, populous, our machinery powerful, and fuel abundant 
of which above five hundred thousand bags are seiit to and cheap in almost all our towns, from the extent of 
England. Next in the supply of cotton come Brazil, our canals. 

the East Indies, and, during the last ten years, Egypt. These are the causes of the success of manufactures, 

It is usual to compare the extent of manufacture in one and in these the different Countries of the Continent, 
year with that in another by the number of bags con- even (he Netherlands and North of Italy, whose popn- 
sutned or wrought up weekly by our manufacturers. In laiion is dense, and their wealth of old dite, are greatly 
the year 1821, the uumber of bags so wrought up was inferior to England: hence the for greater extension of 
about 10,000 a week; in 1827, it had increased to more the cotton manufacture in this Country. 

than 12,000; and it now exceeds 15,000 a Week! Com- The cotton manufactures of Fiance were very Con- Cotton ma- 
paring these quantities with the consumption of the years siderably extended about twenty years ago. Labour nufsetunB 
IsIO and 1817, we find that the quantity of cottons in that Country is still somewhat cheaper than here, abrotJ ' 
manufactured in Great Britain has more than doubled but fuel, is dearer and the machinery less complete, 
in the course of twenty years; but so great has been the' The amount of cottons annually'made by the French 
reduction in the cost of the article that the money value » consequently stationary, ami fawns not quite a third 
of the vast quantity now annually made (between thirty of that which W prepared in Brituft; nor are they likely 
and thirty-fivc millions sterling) is not much above that to gain fin tie in the rate of Competition, for they 
of tiie fur smaller quantity prepared’in 1817, cannot supply foreign markets' a^ equally tew prices. 

This great fall of price has been owing to several The same reasoning holds in ^regard to (he cot- 
causes ; partly to the reduced cost of the raw material, tons of the Netherlands Germany, and Swisscriand s 
and successive improvements iii machinery. The decline in all those Countries establishments were commenced 
in cost of the raw material has been so great that the with alacrity during the War, sind in all it is now 
pound of cotton yam which in 1814 costone shilling and found. Very difficult to withstand' English competition . 
sixpence, is now supplied at seven-pence or eight-pence, eveii when our goods tire subjected to an import 
In all oOr manufactures there has been a large increase ditty. The dearness of.provisions in England during 
in quantity and decline in price since the Peace ;,but the the late Wars, and the high rate of wages, were the main 
difference is greatest by far in cotton. In woollens, grounds of the expected success of foreigners; but these 
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Commerce, disadvantages have gradually given way, particularly 
s —y — » / since 1827, when our Corn laws were modified, and the 
oast of provisions in England was brought so much nearer 
to that of other Countries. 

Increased The consequence has been a continued increase in 
«' population the population of the cotton manufacturing districts. 

According to the last census, that of 1831, the number 
imfiielnring inhabitants in the chief towns was as follows: 
didiict*. • Manchester and Stockport.... 178,000 


Bolton (Great and Little). 40,000 

Oldham 32,000 

Blackburu . 27,000 

Wigan..;.21,000 

Bury. 15,000 

Warrington........ 16,000 , 

Preston.•.33,000 

Glasgow and suburbs. 202,000 

Paisley .. 60,000 


In most of these places the increase of numbers 
during the last seventy years has been in the remark¬ 
able proportion of nearly four & one! Glasgow has an 
extensive and varied trade distinct from the cotton manu¬ 
facture, but in »J] the other towns the cotton trade, in one 
shape or other, is the main spring of local activity. The 
total number of persons employed in it is not ascertained, 
but amounting probably to 400,000, would be far greater, 
did not machinery perform so much of the work in 
every stage. To conclude, this branch of our produc¬ 
tive industry has more than any other enabled us to bear 
the unparalleled burdens of the times; and it hap¬ 
pily promises to continue to be one of the pillars of 
our National wealth; no other Country, whether in 
Europe, America, or India, possessing advantages for 
conducting it to be compared to those of Great Britain. 

Iron and Hardware. 

K»rly »t»te Of all our great brandies of manufacture, that of 
«i the mi- iron lias been, next to cotton, the most remarkable in 
uufacturcof jtg increase. Iron-ore was known to exist in different 
' ron - parts of England several centuries ago, and began to be 
smelted in a few situations, such as the Forest of Dean 
in Gloucestershire, where wood fuel was abundant and 
in the vicinity of the mines. The demand for iron in¬ 
creasing, the consumption of the wood became so con¬ 
siderable, as ttfinduce the cautious Ministers of Queen 
Elizabeth to restrain it by Act of Parliament The 
great desideratum now was to discover whether coal 
could be made to answer the purpose of wood fuel in 
smelting iron, and so early as the year 1619 a patent 
was granted fur the use of coat for that purpose. But 
a very tong time elapsed ere the existing prejudices and 
obstacles to the use of coal were removed. The works of 
the first patentee for coal were destroyed by. assemblages 
of the people, Who had been formerly employed in cut¬ 
ting and carrying wood fuel; and other iron-masters 
were deterred from following his example. The process 
of smelting by coal thus remained in a rude state, and 
there prevuilea a general belief that iron sq smelted was 
of for inferior quality to that which was prepared by 
wood or charcoal. But as the demand for iron increased 
withpar population during theXVIIthand XVllIth 
Centuries, the’consumption of wood became so alarming 
aa tocuuse a multiplicity of complaints, from the inhabit¬ 
ants of the districts ad joining,the mines. Fortunately by 
that time ait incretused familiarity With the use of coal had 
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improved our workmen in the method of applying it to Commerce, 
smelting, so that the use of it for that purpose extended -v—■«' 
itself considerably after the middle of the last century. 

Seventy years ago our mechanics and hardware mil-p, 
nnfacturers chiefly made use of Swedish iron, and the prising in. 
quantity of Euglish iron prepared did not exceed 20,000 «»*• 
tons a year: it soon, however, experienced a great in¬ 
crease, for our furnaces had were so increased that the 
iron made at them amounted 

in 1768 to 68,000 tons, 

1796 to 125,000 
1306 to 250,000 
1820 to 400,000 
while at present (1832) it 
is computed at nearly . 700,000 

This vast quantity is made in the following parts of 
the Country: 

Scotland, chiefly at the Carron works 40,000 tons. 

Yorkshire and Derbyshire. 65,000 

Shropshire. 80,000 

North Wales. 25,000 

Glamorganshire and Monmouthshire 270,000 
Staffordshire .. 220,000 

It thus appears that the quantity of iron annually Decline in 
made in this Country has tripled in the course of twenty I*'" 1 
years. This increase has, perhaps, been too rapid, for 
the present prices are not sufficient to indemnify the iron 
masters, or to enable them to pay sufficient wages to 
their workmen. A partial reduction of the number of 
furnaces has consequently taken place, but notwithstand¬ 
ing the present depression, no branch of our pro 
due-live industry is piore likely to recover, for none 
rests on more solid foundations. All our iron mines 
are situated in the vicinity of coal, and most of them 
have the advantage of a direct import of provisions from 
Ireland; in other words they are in the neighbourhood * * , 

of cheap materials and cheap labour. In the transport 
of so heavy an article as iron, canals and railways 
are of first-rate importance, giving our iron-works an 
advantage not possessed by one in ten of those on 
the Continent. It may fairly be assumed that of no 
article is the use more likely to extend as Society aug¬ 
ments its numbers, or improves its habits and institu¬ 
tions. In England iron is in progress of substitu¬ 
tion for timber in various respects; abroad there must 
ere long be an end, particularly in France, to that im¬ 
politic system of high duties on English iron which go 
far to deprive- the French Public of a most useful mate¬ 
rial. Add to this the probability, in this Age of inven¬ 
tion and discovery, of further improvements in the modi 
of smelting, or otherwise preparing iron ; comparatively 
recent as the manufacture is in this Cotfntry, and*un¬ 
fettered as it is likely to remain in respect to duty or 
excise regulations, which have so often proved an obstacle 
to useful experiments and amended processes. 

Of the total of the iron annually made in this Country 
about a sixth part, orouo hundred and twenty thousand 
tons, are exported; and the cheapness of freight in time 
of Peace is in favour of an increase of our exports. 

Hie name of cast or pig iron is given to the metal Pig iron 
when first extracted from the ore: wrought or soft iron n!,,, 
is pig iron refined, or rendered malleable. This process 
takes place in more than two-thirds of the iron an- 
totally made, after which it-is formed into bars, bolts, 
rods, &c. for sale. The exports take place chiefly in 
wrought iron, because it is fit for immediate use by the 
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Commerce. Mechanic, but the prices stated at the iron-works, or in 

v —•v’"""'' the public papers, apply to pig iron. In years of brisk 
trade, such as 1824 and 1825, these prices were so high 
as £10 or £12 a ton; at present they are not half so 
nraefa; so that vast as is the quantity (700,000 tons) 
made annuuliy, the value does not exceed £4,000.000, 
to which £1,000,000 or £1,500,000 may be added for 
the cost of forming pig into wrought iron. 

hardware. Such is the vnlue of the whole of the iron or raw 
material prepared annually in Great Britain; but the 
hardware, or articles manufactured from iron, amount, in 
consequence of the labour bestowed on them, to nearly 
twice that sum. These articles arc very various in their 
kind, ami are made in surprising quantities: they com¬ 
prise knives, scissors, razors, and all kinds of cutlery; 
fire-arms, swords, sabres, locks, bolts, bars, &c. In 
addition, hardware comprises a variety of articles made 
of tin, brass, copper, steel; in short, the almost endless 
list of goods which afford employment to the inhabitants 
of Birmingham, Sheffield, and the populous towns in their 
vicinity. In hardware, as in cotton, there has been, since 
the Peace, a very great increase in quantity accompanied 
by a heavy and general decline in price. As to the value 
of the iron aud hardware of all kinds made in Great 
Britain at present, (1832,) the computed amount is 
£17,000,000 sterling, of which about £4,000,000, nearly 
a fourth part, is sent abroad. The chief foreign mar¬ 
kets are the United States of America, Canada, India, 
and the West Indies. 

Though this, like other branches of manufacture, has 
been for some time in a very depressed state, there is, 
happily, the strongest reason to anticipate n revival of 
its prosperity. The abundance of our coal and the 
cheap rate at which both it and iron are conveyed by 
canals, are of the greatest importance to this branch of 
,our industry, and have, indeed, been the chief causes of 
, its extension. To these are now to be added the advan¬ 

tages arising from the division and subdivision of em¬ 
ployment in towns of so great extent as Birmingham and 
Sheffield, where the capital vested in trade is ample, and 
the machinery and tools used by the manufacturers are 
greatly superior to those of the Continent. In na other 
Country can hardware articles of equal quality be sup¬ 
plied at so cheap a rate. We arc therefore justified in 
expecting a great eventual increase in the sale of our 
iron and hardware both at home and abroad. At home, 
iron is likely to be used more and more in public works, 
such as railways, or in roofs, pillars, beams, canal boats, 
as a substitute for limber. Abroad, particularly in 
France, the use of iron and hardware articles cannot fail 
to receive a great extension as soon as a reduction takes 
place, in the exorbitant and impolitic import duties. 
Those duties were intended to protect the iron-works of 
France, but the attempt is found to be unavailing; most 
of those works labouring, from Insufficiency of fuel, 
under so serious a disadvantage that the Government of 
France would act wisely in making a pecuniary sacri¬ 
fice towards indemnifying the owners, rather than con¬ 
tinue to deprive its subjects of the various advantages 
that would result from the cheapness of an article of 
such first-rate importance as iron. 

TAe Leather Manufacture. 

G-nher. This department of our productive industry is on a 
footing considerably different from that of our cotton or 
hardware. The chief Consumption of it is at home, and 


the export is comparatively small, because in this manu- Cwa w a 
facture we do not possess any marked advantage over 
our Continental rivals. First, as to the supply of the 
raw mnterial; the number of cattle in Great Britain and 
Ireland, computed at present between six and seven 
millions, is a great addition to the number half a 
century ago, while the weight of the animals, and 
consequently the size and weight of their hides, has 
increased surprisingly; but in neither ia the augmen¬ 
tation proportioned to the increase in the consumption 
of leather, whieb, like our population, has more 
than doubled since the year 1780. We are conse¬ 
quently obliged to import annually a large quantity of 
hides, partly from Lithuania ana other Provinces of 
lliissigi where rattle run wild in the forests, but more 
from Paraguay, where .among the immense hards that 
range the uncultivated tracts, thousands aud tens of 
thousands of cattle are killed merely for the sake of 
their hides. Unfortunately, the troubled politics of 
that and other parts of South America for many 
years past, have limited the supply of hides and have 
kept up the cost of leather so highly that of ait our 
manufactures it has experienced the least decrease of 
price since the Pence. It has been a ffiatter of com¬ 
plaint that the repeal of the leather tax should have pro¬ 
duced hardly any abntement in the price of shoes ; but 
we must not imagine that the repeal was unavailing, for 
it prevented the rise which would otherwise have fol¬ 
lowed our annually increasing consumption. 

The vast quantity of hides supplied by the slaughter 
of cattle in London are tanned chiefly in Bermondsey 
in Southwark, the seat of the largest tanneries in the 
World. There are also very extensive similar establish¬ 
ments in Lancashire, Staffordshire, and other Counties, 
in which the towns are populous and the carriage of 
hides from one part to another is facilitated by canals. In 
the further process of the manufacture, we menu making 
the leather into harness, saddlery, boots, shoes, &c., 
which is almolt altogether carried on by manual labour, 
little advantage is derived from our national supe¬ 
riority in fuel and machinery. In France, leather is 
considerably cheaper than in’England, but both its qua¬ 
lity and the workmanship of the different articles made 
from it, are decidedly inferior. The total quantity of lea¬ 
ther tanned and otherwise prepared in England is about 
25,000 tons; the number of persons employed in the 
various branches of the manufacture about 250,000; 
and the value of all the articles made is about 
£15,000,000 a year, of which shoes alone form the half 
or upwards. 

The making of gloves was carried on with consider- Gloves, 
able profit during our Wars with France, but received 
a serious check from the suspension, In 1812, of our 
trade with the United States of America, whidt were 
(he chief foreign market for the article. Unfortunately 
the depression has continued in a greater or less degree 
ever since: the Americans now make gloves for them¬ 
selves and the French rival us in foreign markets. 

Still we bid fair to maintain a competition with them, 
the Chief labour in this article (that of women) being 
almost as cheap in England as on.the Continent. Wor¬ 
cester, Yeovil, Ludlow, and Woodatoclt are the chief 
seats of the glove manufacture. 

/;■' mt ' 

* The circumstances of our silk manufacture ere very 
different from those of our hardware. The whole of 
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«Vnnwwen, the raw material must be imparted: our canals are of 
v—" no importance in regard to an article so light in compa- 
* rison with its value; and even the cheapness of our 

fuel is in this respect but a secondary advantage. IIow 
then has it happened that the silk manufacture gained a 
footing in England? It seems to have owed its intro¬ 
duction to the large profits expected from an article 
costly in itself and consequently used by the higher 
Progress of. classes. It was begun in this Country before the year 
this manu- 1500, and attained a certain extent in the course of the 
ikctnre. XVIth Century, particularly in the reign of Elisabeth, 

. when a number of Flemish workmen settled in Eng¬ 

land in consequence of the political disturbances in the 
• Netherlands. A further stimulus was given to it a 
cfntury after by the repeal, in France, of Use Edict of 
Nantes, and the removal of a number of the manufac¬ 
turers to England. Unfortunately our Government 
began at that time to listen to the doctrine of mono¬ 
polists, considering it politic to subject foreign silks to a 
high duty, and eventually to prohttjt. them in Mo. 
Italy was then the quarter for supplpfig us with silk, 
whether raw or otgansine, or, as it is commonly called, 
thrown silk. But in the year 1719, a Mr. Lombe, after¬ 
wards Sir Thonyts Lombe, having obtained models of silk 
mills from Italy, established one at Derby for the pur¬ 
pose of throwing silk. To perform this process in 
England was accounted at the time a great acquisition; 
but there is now little doubt that the silk manufacture 
would have succeeded better iu this Country had we 
been content to leave things to their natural course, and 
to impose no restraint on the import of thrown silk, 
while the duty on the manufactured article ought not to 
have exceeded ten or fifteen per cent. With so mode¬ 
rate a duty there would have been very little inducement 
to run the risk of smuggling foreign silks: the competition 
would have been open,aud Government woukl soon have 
l>ecn enabled to judge whether the manufacture could 
stand its ground in this Country without factitious aid. 
But the course pursued was very different; foreign silks 
were either burdened with a very high duty or prohi¬ 
bited ; a strong temptation was thus afforded to smug¬ 
gling; and the amount of foreign silks clandestinely im¬ 
ported was probably not below half a million sterling a 
year, which a century ago was a very large sum. Hence 
a succession of complaints on the pan of the workmen in 
Spitalfields, one of the results of which was an Act of 
Parliament obliging the masters to pay them wages 
according to a fixed scale. This compulsory Act ended, 
as compulsion in Commercial affairs always does, by de¬ 
feating its own object; the manufacturers, jn self-defence, 
established silk-weaving in Provincial towpfc (Manchester, 
Norwich, Leek, Macclesfield,) which were but of the reach 
of the Act; and the result of the eoutpetitiqn 'was a re¬ 
duction in the rate of wages in Spitslfields. 

However, notwithstanding complaints on the part both 
of the workmen and their employers, the silk manufacture 
. was continued and increased in correspondence with our 
population, so that towards the year 1785 the value of 
the silk annually made in England was computed to be 
nearly £5,000,000. It then began to suffer from the 
RivaUiupof rivslsnip of cotton, which every year became mom for- 
eatton. midable as mechanical improvements followed each other. 

In the course of years, cotton fabrics became almost as 
elegant and, beyond all eonrotrisoh, cheaper than silk: 
no effort pa the port of the^East India Company to re¬ 
duce the Ookt and increase the quantity of silk imported 
from Bengal, could balance the cheapness of cotton, and 


the ease with which, from the nature of its fibre, it Commerce, 
admits of the application of machinery. The latter ad- 
vantage it possesses in a remarkable degree over wool, 
flax, and silk; so that the mechanical improvements in 
the manufacture of those articles have, in general, been 
first tried and made to succeed in cotton. 

The consequence of the rivalship of a manufacture 
improving so rapidly us that of cotton, has been a fre¬ 
quent depression of the silk trade, and a recurrence of 
complaints among the weavers, chiefly in Spitulfields, 
but occasionally also in Coventry, Macolesfield, and the 
other Provincial seats of this manufacture. At last, in 
1825, Government adopted a new system; the prohi¬ 
bition of foreign silks was declared at an end, and their 
import was allowed on paying a duty of 30 per cent, ad 
valorem. The duty on foreign thrown silk was lowered 
from 14*. Id. per pound to 5s. The reduced rates were 
acsbunted by Government sufficient to protect both 
our throwsters and weavers; and in order to afford them 
raw silk at a cheap rate, the duty on it was brought 
down to 3 d. per pound. 

This Act has now been in operation seven years, a 
period of severe trial to the silk trade as to all orna¬ 
mental manufactures, in consequence of the reduced 
circumstances of the majority of the consumers. Com-, 
plaints have continued on the part of our manufacturers, 
and a higher duty on foreign silks has been called for; 
but, on the other side of the question, reference has 
been made to the rapid increase of the manufacture. This 
fact is established by the increased import uf. the raw 
material, which in the course of ten years bus doubled: 
it is further shown by the increase of our exports, which 
though not yet large, (£400,000,) are fully double their 
former amount. It has now become a general opinion, 
that in all'qualities of silk, except fancy goods, our 
workmen are equal to those of France, while iu several 
they are superior. ' 

The number of weavere and other persons, young 
and old, employed in the silk trade, is not accurately 
ascertained, but is computed to exceed 100,000 iq the 
whole Kingdom. The value made annually, in an Ksk-r.t of 
article so high priced, is large in proportion to the number the maim* 
of persons employed; not less probably than£l0,000,000 faciure. 
sterling. Our chief export is to the United States of 
America. 

So for from acceding to an increase of the existing 
duty on foreign silks, the advocates of free trade con¬ 
tend that it would be for the advantage of our manu¬ 
facturers if it were lowered to 15 per cent, as smug¬ 
gling would then cease. Be this as it may, the re¬ 
markable difference m the success of the cotton and silk 
manufactures in this Country seems to have originated 
in the following copses. 

1. The silk manufacture was long confined to 
London, where provisions, fuel, and house rent arc and 
have loUgbeen considerably higher than in Lancashire. 

it. The French and Italians bad, in & manner, pre- 
jeoded us in regard to silks, while the production ami 
'supply of cottou for manufocture became large only at a 
time when our disposable capital had become great, 
when the supply of coal was extended by canals, and 
our town population was rapidly on the increase. 
Foreigners could buy the raw material as cheaply as 
. our Countrymen, but they were greatly inferior to ns 
both in capital and machinery. 

& To these the advocates of free trade add the 
advantage of leaving a manufacture to its natural 
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Commerce. course; the interference of Government, even for the 
v*- 7 purpose of protection, being found in most cases to be 
eventually injurious. 

dockin'-l Connected with the silk manufacture ere the lesser 
oc ** brandies of lace and stockings. Lace is made in large 
quantities in the midland Counties, viz. Buckingham, 
Bedford, and Nottingham. It is a manufacture of old 
date, aud formerly gave employment to very many per¬ 
sons, chiefly females, to the number, it is said, of nearly 
200,000 in all. The quantity of lace made in England 
is at present greater than e\ er, but machinery has In 
various respects superseded manual labour. Since the 
General Peace in 1S15, the price of lace of all kinds has 
fallen greatly, so that the wages of the women employed, 
as well as of the workmen engaged on the power and 
hand looms, arc much lower thau formerly. . Our chief 
rivals in tin's manufacture are in Flanders, which has 
lung been noted for the variety and quality of its lace, 
mid still preserves a superiority in embroidery. 

The slocking manufacture is carried on likewise in 
the inland Counties of Nottingham, Derby, and Leices¬ 
ter ; the quantity made annually is now greater than 
ever, but in this branch also machinery has greatly su¬ 
perseded manual labour. The value of the cotton and 
silk stockings woven annually in England is not below 
£2, 500,000. 


for home-consumption as for export. The latter, how- Commerce 
ever, lias been subjected to repeated checks from the 
duties imposed on the import of our refined sugars at 
Hamburg, St. Petersburg, and other ports, in which (he 
respective Governments have endeavoured to coniine 
the manufacture to their own citizens nr subjects. The 
Germans, our chief rivals in this branch, have the 
advantage of cheap labour and of workmen accustomed 
to the business: we, on the other band, obtain raw sugar 
at a somewhat lower rate, and have, in moat situations, a 
cheaper supply of fuel. Our refineries are chiefly in 
London, Bristol, Liverpool, and Newcastle: in London, 

Bristol, and Liverpool, the refiners arc supplied with raw 
sugar lauded on the spot; at Newcastle, the want of 
this advantage is compensated, and perhaps more than 
contpensated, by the cheapness of fuel. But whether iu 
London or the outports, the workmen employed in this 
exhausting manufacture are chictly Germans. The value 
of the refined sugar annually exported from England 
is about -00, aud the chief markets arc Italy 

and GermauyV'r* 

In the South of Europe, the climate being fav mruble Soap, 
to the growth of olives, olive-oil is so abundant us to I c 
the raw mate rial for the manufacture *of soap; but m 
England and other Northern Countries recourse is had 
to inferior . materials, r is. tallow, soda, and potadi. 


Earthen¬ 

ware 


and glass. 


Sugar re. 
finery. 


The quantity of soap made annually in England is be- 
We come in the next place to manufactures of a more tween 50,000 and 60,000 tons, the value of which N 
homely nature, but which are likely, in the course of about .£1.,500,000, or, after adding a very bc?vy ncv. • 
time, to acquire great extension in this Country, in con- duty, (3d. a pound,) .£3,000,000. Thi latter is, of 
sequence of our local advantages. The cheapness of our course, the sum paid by the Public for an article on which 
fuel is a first-rate point in making both glass and earth- the duty ought to be moderate, well from its being 
enware; while the extent of our canals is of equal con- indispensable to cleanliness, as from Ilia smuggling to 
sequence in sending them to a market. Both advan- which the high impost has given rise, 
tages are enjoyed at Newcastle in regard to glasvsnd The toti.’ value of the hats made annually in <<r at iuts. 
in Staffordshire (in the Pottery district) in respect to Britain is between £‘2,000,000 aud £3 000,000 sterling: 
earthenware, lu the latter district a population of above the materials arc the fur of the beavei for tin, finer hats, 

60,000 petaons is engaged in preparing for market and wool for tlic coarser, or, as they arc commonly 
as well the porcelain or finer qualities, as the cheap called, felt hats. Having no superiority over neiglibour- 
aml bulky earthenware required for common use. The ing Countries, cither in the purchase of these articles, or 
value of the whole made annually at the. Potteries is in the process of the manufacture, we do not export 
computed at £ 1,500,000, and of that made at Worcester, hats to the Ct^tinent of Europe: our foreign markets 
Derby, and other parts, at between £700,000 and are confined to pttr colonies and Brazil, and (he amount 
£800,000. The portion of the .whole exported yearly sent abroad not being above £200.000 annually, niu - 
is about £500,000. The United States of America are tenths of the hat# made in England are consumed at 
our principal foreign market, and next to them Brazil -home. 

and the West Indies. -j- ,, We pass now to object* of a very different nature -,,j Tho l.cw- 

Iu the XIVth and XVth Centuries the making of thp produce of our breweries aud distilleries. There «.*T d»* 

white ‘ glass was, in a manner, confined fo Venice, and are* eleven Porter Breweries in London, winch col- ,lUl ' r i- 
the chief towns of Italy; while, from the ejtpehse at- lectivcly brew about two millions of barrels o f porter 
tending its conveyance to England, its price, warf such . annually. The higher wages of labour in London aiul 
as to confine its use to the Court, the Nobility, and .a the higher price of fuel, have led to competition in Pro- 
few affluent merchants. It was iti the latter part of vindai towns iu various branches,, but not in porter 
the reign of Elizabeth, sometyha) name than two cen- brewing,becabse those drawbacks are counterbalanced 
turies ago, that the improving circumstances of our by tht) great advantage of a market on tin- spot, uine- 
farmers, manufacturers, and middle ranks generally, tenths of the beer made being ennstmu-d-in the Metro- 
enabled them to adopt the use of what was at that Citne polls and its vicinity. 

considered a luxury; hence a motive for manufacturing In regard to a different liquor, spirits distilled from 
glass at home, particularly in the vicinity of bur coal .corn,', the advantage of a market on the spot is of less 
mines. The French, have long carried, and still carry" importance, the fidght from a d>-»ant port beingd leas 
on this manufacture with'spirit, but with means inferior serious charge on an article which is of considerable 
tq onra, both as to fuel and conveyance by water. The value for its. bulk, . The London distillers (mist there- 
total yearly value of the glass made in Great Britain is fore reckon bn a continual competition with Scotland 
about £2,000,000; that of the exports £500,000. ind the North of , Ireland, notwithstanding (he aclvan- * 

• Another manufacture in which our abumlauce of fuel tags to London af the late Induction in the coal-duty, 
is of the greatest importance, is the refining of sugar; ' ton? exrise duty in England 

this is carried on.to a great extent in England, as well tb^Va i^ntury atta a Mf, add if the returns of the 
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Commerce. Public Offices be assumed as a fuir criterion of the 
*"V** , *“' quantity of beer annually consumed, the result is that its 
increase has borne a very inadequate proportion to the 
increase of our population. Thus in the forty years be¬ 
tween 1787 and 1827, our numbers increased between 
70 and 80 per cent., while the quantity of beer sold 
hardly increased 30 per cent. The means of purchase 
on the part of the lower orders having augmented in the 
course of that period, to what are we to ascribe their 
limited consumption of beer? To two causes: the ex¬ 
tended use of tea and coffee, and the unreasonable 
amount of the beer duty, which exceeded the prime cost 
of the article until so lately as 1830, when it was reduced. 

* The quantity of barley made into malt in England has 
liot during many years exceeded an average of 8,800,000 
quarters; but now that the dutjps on both beer*and 
spirits are so materially reduced, the quantity of barley 
made into m-ll is in a course of progressive increase. 
The motive for lowering the duty on beer was twofold : 
the relief of the lower orders, am! the benefit of the 
agriculturists, in the case of spirits the ground of 
reduction was different; it was to check illicit distilling, 
which prevailed to a most pernicious extent in Ireland 
and Scotland. «That effect it produced, and the con¬ 
sumption of the different parts of the United Kingdom 
is now understood to be almost wholly of duty-paid 
spirits. The yearly average may be slated thus: 

Ireland, 9,000,000 gallons of home-made spirit. 

Sc (land 6,000,000 ditto. 

England, 8,000,000 ditto. 

But of the quantity prepared in Scotland a considerable 
-tart is for tiic English market, in which there is also a 
<. i.Mimption of rum and brandy far beyond that of the 
o‘h--r piuportions of the Empire. 

Mineral Products. 

lead. Lead mines were wrought in Derbyshire before 

the Xnith Century at present they arc worked not 
only in that County, but in Cumberland, Yorkshire, 
and Wales. The. quantity formerly raised from our 
mines was above 20,000 tons annually, of which the 
; .df was exported Of late years, however, the quan- 
tit. of our exports has been much lessened by the 
>. .eship cf leajl mines in the South of Spain, the ores 
os which are much more productive than those of this 
f'oiii iry, and are wrought, of course, at less expense. 
T! • -•oiis-qiieuce has been a great decline ill the price 
I'flnii ; viz. ‘rom £23 to X‘14 per ton since the year 
1820, ‘o that many of the workmen in our mines have 
been obliged to emigrate. 

Tin. In tin the-e is less dread of foreign competition, few 

Countries in Europe being possessed of tin mines: the 
chief rivalsmp in that respect is from a very distant 
quarter—the to mines in the Island of Bancs wrought 
■ by Chinese settlers. The produce of these mines is 
brought chiefly to Singapore, and is shipped in vessels 
which call at that inn: in iheir voyage homeward from 
China. The quanti'y o." tin yearly prepared in England 
is between 4000 and 5000 tons, almost alt in Cornwall; 
the average value is nearly £4 per hundred weight. 

Copper. The copper mines of England arc chiefly in Corn¬ 
wall, anil the quantity raised from them has been greatly 
increased during the last filly years. Instead of 2000 
or 8000 tons, the former produce, the quantity raised at 
present is 12,000 tons, of which more than one half is 

VOL. VI. ' 


exported. The increase m the produce of our copper Commerce 
mines has been owing less 'to discoveries <>l ore than to v -"v— 
the successful application of steam-engines to clcariii.r 
the mines of water. Coal in Cornwall being brought 
from a distance, and consequently rather high-priced, 
it is necessary to study economy in its consumption; in 
other words to raise the water by pumping with ns 
small a quantity of fuel as possible. Successive im¬ 
provements have carried this economy of fuel to a great 
length ; the shape of the boilers has been altered, and 
the air excluded with a degree of care unknown in Nor¬ 
thumberland and Staffordshire, where coals are abun¬ 
dant and cheap. The consequence of this, and of the 
reduced cost of labour and materials, is, that our copper 
mines are at present ill a prosperous slate, although 
their produce is sold considerably below its former price. 

The importance of our coal mines, great at all times. Cosh 
has increased surprisingly since the extension of our 
canals and the application of steam to mechanical pur¬ 
poses. An eminent French writer, aware how much we 
owe to this precious mineral, calls coal ti tle rirti force en 
lint'ots ; and a Writer of our own Country describes it 
as “ hoarded jiower applicable to almost any purpose 
which human labour directed by ingenuity can accom¬ 
plish.” The quantity Of coal consumed in London has ■ 
been increased from time to time with the population of 
the Metropolis. It was in 1700 about 350,000 chal¬ 
drons; in 1750 about 500,000; in 1800 about 900,000; 
and at present (1832) about 1,600,000. The consump¬ 
tion for the whole Kingdom appears to be nearly 
16,000,000 tons, including the large quantities used in 
manufactures, particularly in the making of iron, the 
smelting of copper and other metals. 

The coal trade has long been one of the chief nurseries 
of our seamen. The. number of men and boys employed 
in the coal trade between the Northern sea-ports and 
the Metropolis is about 15,000. 

The export of coal was formerly subjected to a heavy 
duty, viz. seventeen shillings and sixpence per chaldron : 
this is now reduced to three shillings and fourpence, . 
and safely may we increase our sales to foreigners, for 
the coal fields of this Country are so extensive as to 
afford a supply which at the present rate of consump¬ 
tion, would probably last more than a thousand years. 

Nor is it likely that the amount consumed in England 
will increase in proportion to our population, since 
there are various methods of economizing coal, of which 
we need only mention one of very easy application, 
that of heating buildings by steam. 

The coal conveyed coastways, particularly to London, 
was Igog subject to a heavy duty, thus increasing* 
grcatly the cost of an article already enhanced liv the 
charge of freight. This ill-judged anil pernicious tax 
proved a drawback on the industry of all the Southern 
Counties: happily it is now repealed, as is an equally ob¬ 
jectionable tax on coal brought by canals from Stafford¬ 
shire and other inland Counties. 

Salt, which in all Countries is of great importance Salt, 
for consumption, is in England valuable likewise as air 
artkle of export. It is obtained chiefly in Cheshire in the 
neighbourhood ofNorthwich, where there are vast quanti¬ 
ties of rock salt in the mines, and of brine or salt-water in 
the springs. The rock salt when dug out is not sufficiently 
pure for use, but when mixed with the brine from the 
springs and refined in large iron pans, it is called white 
salt, and forms a great object of export from Liverpool 
to the United States of America. During the late wars 

it 
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Commerce, with France salt was subjected to a very high duty; 
v-^v - *** this was repealed in the year 1823, and although all 
the advantages anticipated from the repeal have not yet 
been realized, there seems little doubt that the Public 
will gain more by the unrestricted use of so valuable a 
commodity thun by the produce of the tax, large as it 
was. 

In the South of France, and in other warm Countries, 
salt is obtained by evaporating sea-water by the heat of 
the sun; the crystals of salt made in that way are accounted 
purer than the salt of the mines, in consequence of the 
comparative slowness of the process. A small quantity 
(8000 or 9000 tons) of sea-salt thus prepared is im¬ 
ported annually from Portugal into England. The 
quantity of English salt consumed in this Country is 
computed at 150,000 tons annually ; but the quantity 
sent abroad is considerably greater. The chief foreigu 
markets are the United States of America, Uritish 
North America. Russia, Prussia, and the Netherlands. 
In each of these Countries it is less expensive to pay the 
freight of suit on vessels coming from Liverpool, than 
to pay the land carriage of salt from their own mines, 
or to evaporate it from sea-water at their respective 
ports ; particularly in the Baltic, where the proportion of 
bait in sea-water is much less than in the Ocean. 


The Shipping of England. 

Its pro- The mercantile shipping of England was quite in- 

gressive in- significant until the tune of Henry VII.; n increased 
crease. progressively during the reigns of that Prince and his 
successors of the Tudor and Stuart race, jet so slowly 
that at the Restoration, in 1660, it hardly amounted to 
1(10,000 tons. In the period between 1660 and 16S9 
the increase was rapid, liecause our Navigation Laws had 
come into full operation, and during several years (from 
• IC7-1 to 1079) our flag had all the benefit of neutra¬ 

lity, the Dutch, who were then the great monopolists of 
shipping business, being involved in war with France. 
In our subsequent contest with Uie latter Power (from 
1G89 to 1097) our mercantile tonnage was necessarily 
lessened, but during the ensuing interval of Peace it 
recovered, and was found in 1702 to amount to 270,000 
tons, manned by 27,000 seamen. In the present Age 
of extended navigation it is curious to observe the 
blender returns made on that occasion from our principal 
sea-ports • 



Vessels, 

Seamen. 

London. 

... 560 . 

. .. 10,000 

Bristol. 

.. . 165 . 

... 2,400 

Hull. 

.. . 115 . 

... 1,200 

Liverpool . . 

... 102 . 

... 1,100 

Exeter. 

.. . 120 . 

... 1,000 

Yarmouth .. 

... 143 . 

700 


The following Table exhibits the remarltable increase oi 
our shipping during last Century. 

British Shipping after 1702. Tonnage of the Vessels 
cleared outwards in various yean. 


Tear*. Tonnage. 

1709 . 244,000 

1715 . 421,000 

1728. 433,000 

1738 . 476,000 

1750 . 610,000 

1765. 726,000 


Years. Tonnage. Commerce. 

1774 . 900,000 

1785.1,075,000 

1789.1,515,000 

1802 . 1,627,000 


As we draw nearer to the present time the returns of 
our mercantile navy are more complete. 

British Shipping engaged in Foreign Trade (distinct 
from the Coasting Trade,) which entered inwards in 
the following Years. 


Tears. Tonnage. t Seamen. 

1820 . 1,668,000 _ 100,000 

1824 . 1,797,000 _ 109.000 

1828 . 2.094,000 _ 119.000 

. 1829 _ 2,184,000 _ 122,000 

1830 ..* 2,180,000.... 122 000 


Tonnage of the Merchant Vessels belonging to our prin¬ 
cipal Seaports in 1829. 


Tonn.iijp. 

London . 573,000 

Newcastle . 202,000 

Liverpool. 162,000 

Sunderland. WS.OOO 

Whitehaven . 73,000 

Hull. 72.000 

Bristol . 50,000 

Aberdeen. 46,000 

Yarmouth . 41.000 

Wlrlliy. 42,1100 

flhwgow. 41,Otto 

Greenock . 30,000 

Dundee . 82,000 

Scarborough .. 28.000 

Leith .. 26.0(H) 

Plymouth. 25.000 

Belfast . 25,000 

Dublin. 21.01)0 

Dartmouth. 21.000 

Grangemouth (Scotland). 24,000 

Beaumaris. 22,000 

Cork .". 17.000 

All the lesser Ports. 504,000 

Total of the United Kingdom. . 2,2<K),000 
British plantations. . 317,000 

Seamen belonging to the mercan- • 
tile shipping of Great Britain 

and Ireland iu 1829 . 134,500 

Seamen belonging to the British 

Plantations... 20,000 


No part of the mercantile community has suffered ix-dinr in 
more severely since the Peace than the shipping in- the* \ulut iif 
lerest, and in no branch of our industry is the compeli- 
tion of foreigners more to be dreaded than in ship- 
buitding. The cost of provisions being so much less 
abroad, the wages of shipwrights are comparatively low, 
while in some quarters, particularly iu the ports of 
Norway and the Baltic, timber is much cheaper. Ship¬ 
building, im England, has consequently diminished ; 
from 100,000 to 150,000 tons is, the measurement now 
annually constructed; and that chiefly owing to our 
Navigation Laws, which, notwithstanding the relaxation 
of late years, require that British built vessels should 
still be exclusively employed in aeveral important 
branches. This applies as well to the home trade as to 
the trade with our colonies, India, and China. 
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Com inline*. Oui merchant vessels were formerly built iu a great 

measure at lllackwall, Woolwich, and other yards on 
Ports for the Thames; hence the name of “river built;” but the 
| ower wa gg S of the Northern ports have long since at¬ 
tracted the chief part of this business to 
Hull. Whitby, 

Newcastle, Scarborough, 

Sunderland, Whitehaven. 

• The vicinity of the New Forest to Southampton and 
of the Forest of Dean to Chepstow, led during the late 
War to establishments for ship-building at those ports, but 
they have as yet been attended with little advantage to the 
speculators. Nor does it seem likely that, in any part of 
the Kingdom, the distress of the ship builders will be 
effectually relieved until the duty on Baltic timber shall 
be repealed or materially reduced.. When a measure of 
that kind shall be adopted, the intelligence of our work¬ 
men, their better tools, and the greater capital of their 
employers, may enable us to maintain a competition 
with the ship-builders of the Baltic and the United States 
of America. 

The mercantile shipping employed in our trade with 
Canada and onr other North American 

Colonies aifluuiits to. 400,000 tons. 

With our West India Colonics. ... 220.000 

With the East Indies. .. . . . 100,000 

With China. 20,000 

The number of vessels, generally small, employed in 
our coasting trade and in our intercourse with Ireland 
is about 3000; of which the half in tonnage, if not in 
number, belong to the coal trade. 

The fish It has often been matter of surprise, that with such 
eties. abundance of fish on our coasts, and such liberal en¬ 
couragement from Government, our fisheries should 
not have attained a greater extension. The value of all 
the fish caught on our coasts and in our rivers does 
not exceed X2,590,000, not one-tenth part of the 
price of the butcher’s meat annually consumed in 
England. This is to be ascribed, partly to the fre¬ 
quency and long duration of our Wars, partly to the 
inefficacy of systems of bounty iu almost any form. 
Something also is to lie attributed to the sale of fish 
in London having until lately been confined to one 
market. The removal of that abuse, joined to the ad¬ 
ditional capital and number of hands now employed in 
the fishery, wil^ greatly increase, the quantity of fish 
brought to the Metropolis and the inlaud towns. Acce¬ 
lerated conveyance by steam-boats and steam-carriages 
will operate to the same result. At times when, as 
in the year 1812, bread and butcher’s meat were high- 
priced, the experiments made iti forwarding fish to inland 
districts were highly encouraging; large quantities, 
slightly corned, having been sent from the coast to the 
interior at a charge almost too inconsiderable to be 
named. 

The Newfoundland fishery has long been conducted 
on an extensive scale, and employs about 6000 seamen. 
But-the herring fishery on our coasts has been the chief 
object of bounty on the part of Government, for the 
double purpose of enabling our Countrymen to compete 
with the Dutch, and to render the fishery, a nursery for 
seamen. Many years ago a bounty was given on the 
busses or vessels employed in this fishery: subsequently, 
in 1808, the bounty was extended, and was paid portly 
on the tonnage employed, partly on the quantity of fish 
caught and cured. After the general Peace of18l5, the 
form of the bounty was further altered, and was awarded 
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solely in proportion to the quantity caught or | ale 
years, however, the rule of withdrawing all artificial 
encouragement has been applied to this branch „f (nir 
industry ; the bounty has totally ceased since lsao, aml 
it is considered that in this, as in the case of siili, the 
capital and labour employed will now be lamer rewaidvd 
than when the bounty was in operation. Men engaged* 
in other employments, who used to go to sea during a tew 
months in Summer for the sake of the houutv, arc now 
withdrawing and leaving the business to fishermen, who 
make it their regular and almost constant occupation. 


Commerce. 



Summary of our Imports and Exports. 

The chief articles of import from other Countries into Ourim- 
England are the following. portsdntin. 

From Ireland; linens, oats, wheat, cattle, pigs, salted tt'oshol J>y 
provisions and butter, the whole forming an amount of !!'“ r , l 'T' c ' 
£6,000,OUt) or £7,000,000 annually. tries 1 " 

From the Baltic, viz. Russia, Poland, Prussia, Sweden; 
timber, pitch, tallow, iron, wheat, hemp, flax, pot-ash. 

From Holland; oats, wfieat, seeds, cheese, buiter, 
also gin. 

From France; wine, brandy, silk, lace, 

From Gertnuuy; coni, wool, flux, linen, also timber 
and R.henjsh wine. 

From Spain and Portugal; wine, brandy, oil, fruit. 

From Italy and the Levant; silk, oil, fruit, aud drugs. 

From Egypt; cotton. 

From the I'nited States of America; cotton, tobacco, 
rice, and flour. 

From South America; cotton, hides, indigo, cochineal. 

From the West Indies; sugar, rum, coffee, cotton, 
pimento. 

From the East Indies; indigo, silk, cotton, sugar, 
spiceries, and occasionally rice. 

From China; tea, silk, nankeens, tin. *""* „ 

From Canada, Nova Scotia, New Brunswick, New¬ 
foundland ; furs, skills, timber, fish, and seal-skins. 

Such arc onr principal articles of import. Our exports Exports, 
consist of cottons aud hardware to almost all Ihc Coun¬ 
tries mentioned above; of woollens, linens, earthenware, 
to most of these Countries: and to a smaller number, of 
refined sugar, coffee, indigo, glass, machinery, coals, 
fish, to which are to be added articles of a very different 
nature, t 'is. silk, stationery, hats ; all, or almost all, 
being manufactures, while our imports are generally of 
raw produce. 

Next, as to the amount in money of our imports and 
exports. 


Faiue of our annual Imports from and Exports lo 
Foreign Countries; being an average <f several years, 
but having; reference more: particularly to the year 
1829. 

Imports from £xpoits to 

Russia. £4,000.000 .. £3,000,000 

Sweden and Norway. 250,000 . . 30(1.000 

Denmark... . 480,000 .. 25 o.oo 0 


Prussia..... 1.300.000 .. Soo.ooO 

Germany. 2.000,000 .. lo,ooo.ooo 


Netherlands. 2 , 000,000 .. 5 ,ooo.ooo 

France. 2,000,000 .. 1 .OOO.OOO 

Portugal and Madeira 400,000 .. 2,OOU.uOO 

Spain. 1,000.000 .. 3,000.000 

Italy. 800,000 .. 1 . 000,000 

Turkey und Greece.-. . 500,000 .. 1, 100,000 

n 2 
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Iin [Kith from 

Egypt . £ ‘250,000 .. 

Cape of Good Hope.. 250.000 .. 

West Coast of Africa . 250,000 .. 

Mauritius. 500,000 ., 

New South Wales,.. 120.000 .. 

British North America 900,000 .. 
West Indies. 9,000,000 ,. 


United States of Ame¬ 
rica . 

Mexico and Columbia,' 
(exclusive of silver) 


1 , 000,000 
250,000 


Buenos Ayres. 500,000 

Brazil. 1,500,000 . . 


Kvpirfs to 
£130.000 
3*40,000 
500,000 
300,000 
300,000 
2.000,000 
5,000,000 

6 , 000,000 

1,000,000 

1,300,000 

4,000,000 


Mode of With some Countries, such as the United States of 
liquidating America, the amount in money of our imports and ex- 
balances. ports is nearly equal: with others, such as Germany, 
Spain, and France, the difference is great; to a degree, 
indeed, which makes it at first difficult to understand 


in w hat manner the balances are liquidated. The means 
of doing so are partly by the transmission of specie, but 
more by bills of exchange drawn by the merchants of 
one Country on those of another, for example, from 
Brazil on Portugal. These, when remitted to London, 
form a fund for paying to our merchants a part of the 
balances annually due to them by Brazil. The bonne*, 
or mercantile exchanges of London, Amsterdam, Paris, 
Hamburgh, and, in a lesser degree, those of Lisbon, 
Cadiz, Frankfort, are the central points for such nego¬ 
tiations for the sale and purchase of the bills, by means 
of which the debts of one nation to another are liqui¬ 
dated with comparatively little transfer of coin or bul¬ 
lion. This arrangement may be -compared to the manner 
iu wiiich the London bankers discharge their daily ba¬ 
lances with each other by an exchange of cheques, with¬ 
out requiring any large sum in Bank notes. So far do 
the bankers carry this, economy of money, that balances 
amounting to £'4,000,000 may be, and generally are 
liquidated without using more than £-200,000 in notes. 
Low volua- It is fit to add that the mode of valuing the imports 
tion of im- in the preceding Table is different from that of valuing 
ports. tl, e exports. The latter are estimated at the market 
price, agreeably to the sums declared by the exporting 
merchants ; the former by an official scale established so 
long since as 1696, when the prices of most of the articles 
we import were lower than at present. Were our 
imports rated at the current or market price, the sums 
would be considerably larger, and there would conse¬ 
quently be a greater approach to equality in the value of 
our imports and exports. We subjoin a Table of the 


Value of our Export* clawed, not by the Countries to 
which they are tent, but by the respective article*. 


Cotton cloth.£13,000,000 

Cotton yarn. 2,000,000 

Woollens. 5,000,000 

Linen (chiefly Irish). 2,000,000 

Iron and steel. 1,300,000 

Hardware and cutlery. 1,400,000 

Brass and copper articles 700,000 

Lead and shot. 180,000 

Tin, wrought and unwrought 350,000 

Machinery and mill work .... 300,000 

Silks. 400,000 

Haberdashery and millinery . 500,000 

Earthenware. 500,000 


Glass 


500,000 


Leather, vis. shoes, saddlery, hnr-1 f 350 000 C ® mmcrc »- 


ness...) 

Sugar, chiefly refined. 2,000,000 

Soap and candles . 270,000 

Hats. 200,000 

Salt. 300,000 

Beef and pork salted.. 150,000 

Fish. 300,000 

Coals. 400,000 

Beer and ale. 300.000 

All lesser articles, whether of producel . ~ fln ...... 

or manufacture.«-J > 


The above is the value as declared by the shipping 
merchants, and applies to the years 1830 and 1831. 

The preceding statements may receive some illustru- Trail* of 
tion by a comparison*0f the trade of this Country with K "g ,,ll "l 
that of our Transatlantic brethren. While the imports 
into England consist chiefly of raw produce, or the ina- „f the 
terials of manufacture, such as cotton, wool, limber, and United 
our exports are almost wholly ot manufactures,—in the sute * " f 
United States, the reverse holds in both respects. There, A,ncric ‘ , ‘ 
the inqiorts consist of manufactured goods, the exports of 
raw produce. The’causes iu cither e^se are obvious; 

England has an abundant population with a limited 
territory; while iu America, the population is still thinly 
spread, and the territorial surface is almost boundless. 

It has been the practice of almost every Government 
in Europe to study an indiscriminate extension of manu¬ 
factures without much attention (o the limitations ren¬ 
dered proper by the nature of their respective territories; 
lienee the endless prohibitions and high duties 011 
foreign articles under the mercantile system. To that 
system a number of our merchants and some of our 
public men are still attached, and the Americans, much 
as they have professed to admire freedom in trade, have 
given an'unfortunatc proof of the contrary by the Tariff The Tariff 
enacted in 1828, which burdens ail foreign manufactures vf 18-4 
with heavy duties. By what means was an act so con¬ 
trary to the general rules of the American Government 
passed into a law? By the influence of the manufac¬ 
turers; for the Tariff is an attempt to confine to that in¬ 
terest the supply of manufactures of almost every kind 
consumed in the States} iu particular cottons aud wool¬ 
lens. This Tariff has ulreudy been the source of much 
division between the different States of the Union ; it 
has of late been somewhat modified, blit cannot fail, if 
persisted in. to lead to very serious discontents. The 
extent of evil arising from it has not yet been fully de¬ 
veloped, but it will, we may be assured, be as great as 
that which this Country has so long suffered from the 
imprudent interference of Government in former Ages 
with the natural course of trade. 

The chief obstacles to manufacturing industry in Minufae- 
America are the high price of labour, the want of good t' 1 "-* un- 
ro.'ds, and the remoteness of the towns from encli other, "''twltotha 
Ages must pass before these drawbacks can be removed, 
and at present it would evidently be more advisable to * ' 
direct the surplus capital and labour of the Country to 
the culture qf the soil. The chief products of the United 
States, wheat, cotton, tobacco, rice, have nil, it is true, 
fallen greatly in price since the Peace ; yet that ought 
not to discourage the cultivation of ni tides for which the 
market is so extensive, embracing, as it does, the West 
Indies, South America, Eugland, and several Countries 
in Europe. 

The situation of England in respect to manufactures 
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Commerce, is quite different from that of the United States; wc 
possess remarkable advantages in 

* ^Wvanfagef j. The cheapness of fuel, and the consequent facility 
y lamanu^ a I , P'y* n £ s^eam to machinery. 

' torturing 1 *" 2. Iii case of communication, whether by sea, by 

Countiy. canals, or by roads. 

3. In the rheapncSN of iron, and a decided superiority 
in all machinery and tools made of iron. 

■ These are physical ad vantages; but to them we may add 
others of a different kind ulmost equally important, viz. 

The lower rate of interest consequent on the magni¬ 
tude of our disposable*capital; and 

The division and subdivision of employment, parti¬ 
cularly since the population of our towns has received 
so great an increase in the present Age. 

Our disatl. On the other hand, we are subject to several druw- 
vantages. hacks ; they arc as follows: 

1. The price of provisions, which, though greatly 
reduced, are still from 10 to 15 per cent, above the rate 
of our foreign rivals. 

2. The pressure of taxation, or rather of particular 
taxes, such as that on timber, which cramps our inter¬ 
course with the Baltic, and that on sugar, the amount 
of which is so %reat us almost to ruin our West India 
planters. 

3. In high charges resulting from the War and a de¬ 
preciated currency. I n the case of articles sold in open 
market, such ns cum and manufactures, the war charges 
have fallen long since; but they still exist in an oppres¬ 
sive form in other cases, such as the rent of land let on 
lease, in the rent of houses, in professional fees, and in 
various other demands, in which our laws and usages arc 
Mich as hardly to allow of a direct or speedy reduction. 

Computed After these ample details of our commercial industry, 
profit from it would be desirable to convey an estimate of the annual 
fiL-t urea sin] P ro ^ 1 attendant on undertakings so vast. No attempt 
trade. " U wns m ade to calculate such profit until the imposition 
of the Property-tax in the beginning of this century, 
when, nmong the. other returns to the treasury, there 
appeared one of the collective income of our merchants 
and manufacturers. Mr. Pitt forming, as persons not 
engaged in trade ure generally inclined to do, a high 
estimate of its profits, had computed the probable amount 
of mercantile income in Great Britain at forty millions 
annually ; but the returns made under the Act proved 
considerably leys having in no year exceeded thirty mil¬ 
lions. There were, no doubt, many cases in which 
mercantile men declared less than their real income; 
but, on the other hand, there were not wanting examples 
of their continuing to return the usual amount of income 
in years in which they had sustained heavy losses j their 
apprehension being that a diminished return might affect 
their credit. 

What, it may be asked, is the probable amount of the 
income of our merchants and manufacturers at present, 
compared to its amount during the War? The number of 
persons employed in Commerce is, doubtless, far greater 
at present, but there is, and has long been, it general 
complaint of insufficient profit, even in the branches which 
have received the greatest extension, such aSf cotton Bnd 
hardware. The causes of this are sufficiently clear; 
during the War, the keenness of competition was greatly 
lessened by the demands of Government; the public 
service attracted annually many thousands of our popu¬ 
lation and many millions of our capital; hence a conti¬ 
nued rise in prices as well as in the wages and incomes 
of nil ranks. But since the Peace, capital, intelligence, 
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labour, have all returned to their nalurul channels und Common*, 
been directed to the increase of products. This ■ r T —i. -* 
added to the changes in the currency, has caused 
great and general fall in prices, wages, and incomes; 
and although tiie number of persons employed in this 
Country in trade and manufactures is greater by fully 
30 or 40 per cent, than it was twenty years ago, it is 
very questionable whether the income of this augmented 
number, if returned in money, would lie at all equal to 
that of the same classes during the War. We say, “ if 
returned in money," because there can be little doubt 
that in' the power of purchasing goods, the present 
income of our merchants and manufacturers is consi¬ 
derably greater than during the War in consequence of 
the comparative cheapness of commodities. 

This leads to the consideration of the greatest of all Fluetua- 
the changes that have taken place in (he state of Com- ,iun * in th<r 
mercc during the present Age—the change in the value clurcnc >'' 
of gold and silver. During twenty years (from 1793 to 
ISIS) prices were progressively on the rise, and during 
a period nearly as long, they have been, with very few 
intervals, on the decline. Many persons ascribe this 
decline to the reduced supply of gold and silver, the mines 
of America, formerly so productive, having, during the hist 
twenty years, yielded less than half their usual amouut. 

Whatever be the cause, the extent of loss from de¬ 
clining prices is enormous; nor can any one say with 
confidence how the evil is to end. The deficiency in 
the produce of the American mines continues year 
after year, and the present management of them, whe¬ 
ther by the native owners or the English Companies, 
is much less successful than that which was followed in 
the time of the Spanish Government. We have seen in 
a preceding part of this Essay (p. 90, 91.) how greatly 
the influx of gold and silver from America extended the 
trade of Europe in the With and XVIIth Centuries; —* 
and it is a matter of the greatest interest to ascertain 
how far it may be possible to lessen the pressure at 
present so severely felt from their diminished supply. To 
arrive at a decided opinion on this subject, it is requisite 
to go back to an early period in the production of the 
precious metals, & subject closely connected with the 
History of Commerce, and on which considerable light 
has been thrown by a late publication of Mr, Jacob, of 
the Board of Trade, already known to the Public by his 
Reports on the Agriculture of Germany and Poland. 

Mr. Jacob’s book discovers extensive research, and ex¬ 
hibits in connection a great deal of information which 
bad previously existed in a very scattered state. 

The Prcciout Metal*; Historical Sketch of their Produc 
lion, and of their Influence on Commerce. 

Gold and silver appear to have been in estimation at 
an early period in every Country of which we possess 
records. Thia was a natural consequence of the beauty 
and durability of these metals: vtlued at first as orna¬ 
ments, their use as a circulating medium begun subse¬ 
quently, and for many years after it did begin, they acre Circulate J 
paid and received by weight, and not in the form of coin, et Unt ly 
for coin requires an established Government, as well as " c ‘S l 
an improved state of Society. Abraham, the earliest 
Patriarch of whom we have a circumstantial history, and 
who lived about nineteen centuries liefore the Christian 
Era, is described in Scripture ns rich in those metals, and 
os paying for his purchases in silver, not in com but by 
weight, " according to the currency of the merchant. 

Gold was too scarce and too valuable to form the orcu* 



122 


COMMERCE, 


Commi-Tce. latin l? medium of that early Age: it was used almost 
wholly for ornament, like sapphires, pearls, rubies, 
and other jewels. In this manner it was applied by 
King Solomon in building the Temple at Jerusalem and 
the Koval Palace. “ lie overlaid,” wc are told in Scrip¬ 
ture, •‘the oraele with gold; also the whole altar that 
was by the oracle, he overlaid with gold." We have 
already noticed (page 79.) the exteusiou of the trade of 
Juda.*a at that epoch. The quantity of gold brought into 
the Royal coders in the reign of Solomon appears to have 
been between .*.'200.000 and jt’300,000 sterling a year ; 
that of the silver brought in is not distinctly stated. At 
that time the only wealthy Countries were Assyria, 
Egypt, and Judwu, for Greece was then ouly in a primi¬ 
tive stage of civilization. 

The early Annals of the Jews arc of great interest to 
the student of Ancient History, as furnishing information 
not only of themselves, but of the Egyptians and Phoe¬ 
nicians, long before it could have been obtained from 
any other quarter. The earliest date of written records 
in Greece was later bv five centuries than the time of 


The public 
ticnsuic in 
Jerusalem. 


Moses, and the promulgation of his laws in a written 
form. It appears from this am! other (nets in History, 
W early || la( t | u . use t ,f letters was known in Egypt much earlier 
civi lied. j|, a „ in Greece, for it was chiefly to the fortunate ciicuin- 
stauce of Moses being educated at the Court of Pharaoh 
that he owed his superior attainments. ** He was 
skillet!,'’ says the Scripture, " in all the learning of the 
Egyptians.” The mines in Nubia and other parts, 
wrought for account of the Egyptian Government, had 
been so liir productive as to replenish the public treasury, 
and afford to the industrious ami prudent the means of 
laying up property in the portable form of gold and 
silver. By this the Israelites had profited ; for it is ap¬ 
parent from Scripture, that on leaving Egypt, they 
carried with them a considerable stock of the precious 
metals. The additions made to this stock in their sub¬ 
sequent wars were generally lodged in the public trea¬ 
sury, and protected by the solemn sanction of Religion : 
all was kept in the Tabernacle under the title of "Trea¬ 
sure of Jehovah.” It follows that the metallic weulth 
existing in so considerable an amount under Solomon, 
was the accumulation of successive Ages, and its extent 
is thus in no way inconsistent with his limited territory, 
or the still more limited property of his subjects. That 
politic Monarch married a daughter of the King of 
Egypt, and maintained a close alliance with Tyre, which 
was then at a high point of prosperity. There were 
happily no national jealousies to interfere with the cor¬ 
diality of the two Countries : the Jews, amidst all their 
offensive wars, had had none with the Phoenicians, whose 
territory was fortunately at some distance from Jihhea. 

After the reign of Solomon, there took place, as is well 
known, great disorders in the Jewish Government, but 
amidst all these, the public treasure, or a considerable 
part of it, appears to have been preserved, and to have 
been removed to Bahylon after the conquest of Judaea 
by Nebuchadnezzar. In Babylon this and much other 
treasure, conveyed thither from conquered Provinces, fell 
into the hands of the Persians on the conquest of the 
Empire by Cyrus. His successor Cambyses added to it 
an ample store from the treasury of Egvpt. Persia 
was now the principal Empire in the World, ami its 
yearly revenue is understood to have amounted to three 
or four millions sterling. By this is meant the clear 
‘.urn forwarded by the Satraps, or Provincial Governors 
to the Royal exchequer, after defraying ail local charges. 


The Trea¬ 
sury of 
Persia. 


But of this large amount very little was pul into the Commerce, 
form of coin. “ The gold and silver,” says Herodotus, 

"were melted and poured into earthen vessels, and these, 
when filled, were removed, leaving the metal in u solid 
mass. When wanted lor payments, a piece was broken 
off of the mnoiiiit required for the occasion, ami issued 
in the shape of coin." The gold cuins of that Age are 
the earliest of any specimens known to exist: they were > 
called, after the reigning Monarch, Daries, and were worth, 
each about twenty-five shillings of our present money. 

The treasury of Athens could not, of course, enter Of Athens, 
at all into comparison with that* of the Munurchs of 
Persia. It received from the petty Islands of the 
Archipelago, ami other tributaries, a yearly revenue of 
.£'120,000 sterling, and the sum accumulated at Athens 
before the Peloponnesian war, was equal to about 
.Cl,200.(i00 sterling. That sum, so much greater than 
the contents of any other treasury ill Greece, was one 
main cause id' Athens being enabled, notwithstanding 
her heavy losses, to make head against Sparta and her 
confederates during nearly thirty yours. 

About a century after the brilliant era of Athens, (he 
course of events led the Macedonian armies inio the 
heart of Persia, and delivered the Royal treasures at 
Persepolis, Ecbatami, and other great cities, into the 
possession of Alexander. The amount of the whole is 
said to have been nearly £. 10,000,000 sterling, a sum far 
greater than had as yet been collected in any other Country, 
but not improbable when we consider that it contained lo 
lie the practice of the Persian Government not to com and 
circulate their gold and silver, but to keep them stored. 

Passing in the next place to Italy and the Romans, Of Rome, 
we find that the extension of their dominion li.-ul the 
natural effect of bringing large amounts in gold and 
silver to the Capital from the Countries successively con¬ 
quered. These came first into the hands of the military 
commanders and of the Civil governors of Provinces. 

The use of coined gold ami silver had not even then be¬ 
come general, so that si considerable .time elapsed ere 
these treasures were circulated among the Public, they 
remained a long time in the coffers of the Slate. 

Wc are next to advert to the means of obtaining re- Mining for 
gular supplies of silver anil other metals; to the Art ol silver and 
mining. That Art could not, it is evident, have been wl,, ‘" r 
carried on in ancient times in a manner at all similar to mela *" 
the systematic and refined form which i[ now bears in 
Germany and England. A rude Tribe could begin only 
by working the ore found near the surface: when that 
vvas consumed, the working wus necessarily carried on 
under ground; a task of great difficulty, deficient as 
they were in those Ages in tools and machinery. Egypt 
appears to have taken a lead in mining as in oiher useful 
Arts. The mines w rought lor account of its Government 
were situated at a great distance, being in Nubia about * n Nubia, 
latitude 22° North, distant nearly a fortnight's journey 
bom Assuan, the ancient Syeiie. The rude mode of 
mining practised there appears to have borne a consider- ' 
able resemblance to that which is still followed in 
Spanish America; the ores were brought to the surface, 
not as in thi» Country in baskets drawn or hoisted up a 
shaft, but on the backs of workmen, a practice still com¬ 
mon in Mexico and Peru. Again the ore, when ground 
to a powder, was thrown into a gentle current of water, 
in which the metallic or heavy particles sank to the 
lottom, and the lighter or earthy were carrjjKi away by 
the stream. A supply of mining labourers was kept up 
soinewbnt on the plan adopted by the Russians in 



C O M M E R c E. 


123 


Commerce. 



Gold ob¬ 
tained from 
the t and of 
riven. 

\ 


Mines in 
<«recce. 


-V 

1 .1 Thrace. 


In 


in Spain. 


L 

t 

\ 


Siberia; by sending thither captives taken in war, 
convicts, and all political delinquents, with their families. 
The produce of these and other mines wrought tin- tlic 
Government of Egypt greatly exceeded that of any 
other mines in ancient times. 

Such was in early Ages the mode of obtaining silver 
ns well as copper and iron : gold, on the other hand, was 
procured by u more uncertain, but less laborious process; 
by washihg the sand brought down by streams Irom 
mountain districts. This practice prevailed in various 
parts of the ancient World ; in the Eastern Provinces of 
Persia; in that part Of India (the North-West) which 
was subject to the Persians ; and even in the remote 
region of Abyssinia, great part of which being moun¬ 
tainous, has streams which supply the materials o£such 
a traffic. The Abyssinians appeal to have conveyed their 
gold-dust by the lied Sea to Egypt and Phamicia, thus 
furnishing to Thebes in Upper Egypt an additional 
source of wealth. 

Tile Greeks acquired the Art of mining from the 
Phoenicians, anil carried it on first in the If lands, such 
as Crete, Thasus, Euboea ; afterwards on the mainland, 
particularly in Attica. The work was performed by 
slaves, who heloflgcd to the proprietors of the mines,and 
were hired by the adventurers or lessees of the mines at 
a fixed rate. The. latter supplied them with provisions 
and clothing, and added, at the end of the month, a 
small payment in money, equal, in power of purchase, 
to about thirty shillings of our currency. lu the moun¬ 
tainous parts of Thrace there were silver mines which 
had been wrought for Ages, but which falling into the 
hands of Philip of Macedon, were rendered far more pro¬ 
ductive under his politic management, and yielded him 
a portion of the treasures which he employed with such 
fatal effect against the independence of Greece. 

Turning from Greece to Italy, we find the first ac¬ 
counts of mining relate to Etruria, into which the, 
useful Arts had been early introduced from Greece, by 
a colony from Corinth. The Etrurians obtained from 
their mines, first copper, afterwards iron. '1 he ooppir 
required by the Homans for coin in the days of their re¬ 
publican simplicity was during several centuries drawn 
from Etruria. Gold was obtained in small quantities 
in two parts ot tbe North ut Italy : in the North-West, 
in the Province of Aosta, by washing the sands of the 
Po; and in tt#.> North-Gust of Italy, in the country 
round Aquilcin, as well ns in certain parts of Illyria. 

Spain being one of tbe most mountainous Countries 
in Europe, ami visited at an early epoch by the 
Plutmicians and Carthaginians, it was to be expected 
that its metallic treasures would he turned to account. 
Gade*. or Cadiz, was one of the earliest settlements of 
the Phoenicians; Seville, Malaga, Carthageua, followed 
some time after; and in a few generations a number of 
smaller towns were formed by settlers from the East, for 
the natives of Spain were quite in a state of barbarism. 
The population being, moreover, very thinly spread, it 
became necessary for the working of the mines to bring 
over labourers from Africa. The mines first wrought tig 
Fhtsniciiiu account were probably sitimted along the base 
of the Sierra Morena, near the Gundnlquiver, by which 
their produce would be conveyed first to Seville, after¬ 
wards to the sea. In tliat quarter (at Gu&dai canal, in 
the Province of Cordova) was the silver mine of Iiehulo, 
from which Hannibal is aaid to have stored his militury 
chest Is-fure crossing the Alps, and striking such disas¬ 
trous blows at the power of Rome. 


The Romans possessed no silver mines until the pro- Commerce, 
gross of their arms, in the first and second wins with v -, 
Carthage, led to their occupying the mines of their ad- Mining 
versa lies in Sardinia, Sicily, and the South of Spain. ’ ln,!l ' r tlic 
They soon after obtained possession of the mines <>t' lion, » ns - 
Macedon, and at a subsequent date of those of Persia 
and Nubia. In ancient times nine-tenths of the manual 
labour done was performed by slaves; or, to speak more 
correctly, the lower orders employed in country work, 
in mining, or in almost any kind of labour, were paid 
more by maintenance than by nionev. The practice of 
paying the labourer in money, and leaving it to him to 
provide for hitn-clf and family, was then but partially 
iollowcd; still less was it the rule to apportion the re¬ 
muneration of mining workmen according to the pro¬ 
duce of the ores they raised. The latter is Hie only 
effectual means of checking the expense of mining, ami 
as a Public Body is ill fitted to enforce the economy re¬ 
quisite in fresh undertakings, the Roman Government 
allowed the mines of the State to he gradually aban¬ 
doned ; so that alter the \ ill Century there seems to 
have been, in a manner, an end to mining lor the public 
account. For account of individuals, mining was still Gold ami 
carried on in certain purls, but we aro now arrived at the silversoarca 
Dark ,)ges when there is a failure of records of various 
kinds, and of none more than of those relating to the ' b1 ' 
precious metals. One thing admits of little doubt, tit. 
that from tbe reduced supply of gold and silver, there 
was a gradual reduction in the money prices of commo¬ 
dities in the latter Ages of the Empire ; that is, an ounce 
of silver or gold then went further in the purchase of 
commodities than in the flourishing times of Home—in 
the days of Augustus and of Trajan. 

The laws passed from time to time by the Anglo- 
Saxon Princes prescribe the prices of certain commodi¬ 
ties. Thus, those enacted ahout the year 1000 fixed the - > “ : «eof 
value of a horse at a price that would make 35s. of 'J* 1 '* 111 . 
present money, that of a mare or colt at 23s.. of an o\ 
or cow at only 7*. Cattle were then of very diminutive Age's, 
size, much inferior to those of later times; but the price 
prescribed fur an i x or cow is so low tvs to be accounted 
tor only by tbe unciiltivntul state ot the Country; by 
tillage being limited to particular spots, while four-filths 
of the land were forest or waste. Ileme animal loud 
vv as so cheap as to he an object in the mai bet only alter a 
bad season, when coin was scarce and dear: at other 
times the value of the animal in England was little more 
than the value of his hide, a- is the cave at present ill 
the wilds of Russia and of Buenos Ayres. 

The price of wheat ulso in England during the Middle Of wheat. 
Agts is deserving of a few remarks. It is stated in 
several of our ancient records, hut it did not form a fair 
criterion of the value of gold and silver for two reasons : 
first, wheat in those days was less the food oi the lower, 
ami even of the middle classes, than rye or bailey; and, 
secondly, nt a time when there were few storehouses 
for corn, little disposable capital to invest in it, and 
wretched roads to take it to market, the plenty in one 
part of the Country could not be made to relieve die 
scarcity in another. Hence tiie price of wheat differed 
greatly from year to year, and in separate districts. 

These tacts are useful in estimating tlic value ot silver 
in the Middle Age,. They tend to couliim the opinion 
of the late Arthur Young, that the average price of 
wheat in England during the Xllltb. XlVih. :f| 'd 
XVth Centuries was not below a tilih ot its present 
price, or Ills, a quarter. Labour, in like manner, was 
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Commerce, paid ill those days with silver and copper in very small 
sums ; but if to these we add the value of maintenance, 
which was almost always supplied to the labourer, we 
find that his remuneration was not so trifling as is com¬ 
monly thought Allowance also is to be made for the 
general inferiority of the workmen and of the articles 
sold in so rude an era, particularly manufactures, which 
with the exception of a few, such as woollens and 
leather, were nearly as dear as in subsequent periods of 
our History. The result seems to be that in the XIIfth, 
XIVth, and XVth Centuries ill England, and as far as 
we know in Europe generally, the value of silver may 
be slated in the proportion of one to three, when com¬ 
pared with its present value : .£100 in those days being 
equal, in the power of purchasing the various requisites 
of housekeeping, to £300 at present, and not to more. 
TlicAme- We now come to a remarkable epoch in the produc- 
ricaumines, (ion of the precious metals, the occupation of Mexico 
and Peru by the Spaniards. The supply of gold and 
silver obtained from the Western hemisphere during 
thirty years after its discovery, was wholly insignificant. 
Hispaniola, the only important Country then occupied 
by the Spaniards, was quite unimportant as a seat of 
mines. Hut in the year 1521, Cortez invaded Mexico, 
and occupied the Capital, together with most of the 
inhabited districts. After this event, the supply of 
silver from America to Europe increased to half a million 
sterling a year; an amount trifling according to our 
present ideas, but by no means so in an Age when so 
small a portion of the Public could atford to use silver 
plate, and when, consequently, almost all the silver that 
was imported was added to the money in circulation. 
In the course of thirty years, the effect on prices ill Eng¬ 
land, from this and other causes, was very remarkable. 
“ My father,” said Bishop Latimer, when preaching in 
1548 before his young Sovereign Edward VI., “ my father 
rented forty years ago a farm at six pounds a year. He 
kept hospitality for his neighbours ; he gave alms to the 
poor; but he that now has the same farm pays fourteen 
pounds of yearly rent, and is consequently unable to do 
any thing for his Prince, his children, or the poor.” 
Other causes, doubtless, had a share in this rise of 
rent; but it is remarkable, that about the time this Dis¬ 
course was delivered, the discovery of the rich mine 
of Potosi in Peru took place, after which the import of 
silver from America to Europe proceeded in on augmented 
ratio ; at the rate, it is calculated, of two millions sterling 
a year. To this chiefly is attributed the rise of prices 
which continued during almost the whole of the long 
reign of Elizabeth, towards the close of which most ar 
tides cost nearly twice as much as forty or fifty years 
before. 

Produce of The mines of Potosi yielded considerable produce 
the Amiri- during the early part of this Century, but fell off towards 
froiiHfiiO c * ose » new m,l,es » howwer, were opened in Peru and 
to 1700. ■» the vast inland tract between that Country and La 

Plata. But the chief increase was in Mexico, and from 
the mines now held by London Companies, but which 
from causes, which shall be explained forthwith, have as 
yet proved unprofitable in their hands. 

Prom I TOO During the XVIIIth Century the produce of the Amer' 

to 1910. rican mines experienced a great increase, particularly in 
Mexico. Quicksilver had now become cheaper, and rude 
as was the method of extracting the silver from the ore, 
the abundance of the latter was such os to afford a large 
return. From Peru also the supply of silver was large, 
particularly from the mines of Pasco, the object of so un¬ 


fortunate a speculation by a London Company in the year Commerce. 
1825. Adding to ull these the gold obtained in Brazil, 
the result was that, during the XVIIIth Century, America 
yielded bn an average precious metals to (he amount of 
six or seven millions sterling a year. 

The insurrection of 1810 in Mexico was followed by a Reduced 
Civil war, by the destruction of part of the machinery produce 
employed on the mines, and some time after by the 1 ° 10- 
abandonment of a number of mining establishments. 

The effect of these disorders has been to reduce an 
annual produce of seven millions of silver to half that 
quantity ; and as the mines in Europe have merely kept 
up their very limited supply, the consequence has been 
a decrease in the amount of coin in circulation through¬ 
out the civilized World of more than sixty millions ster¬ 
ling in the lust twenty years, or more than three millions 
on an average annually. 

This decrease has taken place as follows. The quan- Its effect on 
tity of gold and silver required for plate, watches, and * he coculat- 
ornainental manufacture is very large; probably not 
less than to the value of six millions stealing yearly. To 
this is to be added a loss by the wear of coin, by ship¬ 
wreck, and other accidental causes to the amount of one 
million annually. To India, China, iffid other parts of 
the East, the annual transmission of silver from America 
and Europe, though less great than formetly, still 
amounts to nearly two millions, making in all a demand 
on the mines of eight or nine millions each year. And 
as the average produce of the mines in the last twenty 
years has been only five millions, there has been ail an¬ 
nual deficiency of three or four millions sterling. 

But the actual deficiency has been considerably more, Ac^rsratcd 
for gold and silver have been required in large quantities the ru - 
by several Countries, particularly England and Austria, 
to replace the paper-money that has been called in. At , cuc y. 
the generul Peace of 1815, Austria had in circulation 
about a hundred millions sterling of Government paper; 
but as it was greatly depreciated, the Government con¬ 
sidered itself justified ill requiring it to be exchanged 
for paper payable in cash on demand, giving of the latter 
twenty florins, or two pounds sterling, for every filly 
florins, or five pounds of the former. This operation 
absorbed gold and silver to the amount probably of 
twenty millions sterling. Iu England the absorption of 
specie has been still greater; the necessity imposed on 
our Banks of paying in cash on demand, and the subse¬ 
quent replacing of the small notes by sovereigns, must 
have required the appropriation of specie (chiefly gold) 
to the amount of nearly twenty-five millions sterling. 

Add to these for the further sums required in the United 
States of America, in Russia, and other parts of Europe, 
a computed amount of fifteen millions, ami we shall 
have a total of sixty millions sterling in gold and silver 
required to replace Bank or Government paper. The 
deficiency in the supply from the mines being to the 
same amount, .the total difference between 1810 and the 
present lime is no less than one hundred ami twenty 
millions sterling; that is if four hundred and twenty 
millions sterling formed the currency of the civilized 
World twenty years ago, that sum is now reduced to 
three hundred millions. 

So great a decrease would have been quite ruinous to 
trade, jiad not this Country and Europe happily con¬ 
tinued at peace; there are now no demands for the mili¬ 
tary chests of armies, and not much for hoarding by 
timid individuals. Improved means of conveyance now 
transport gold and silver in a very few days from one 
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Capital in Europe to auother; from London to Paris; 
from Paris to Vicitua ; from Amsterdam to Hamburgh ; 
from Hamburgh to Berlin.' By these means a given 
sum, such as .£100,000 in gold, is made to perforin cer¬ 
tain exchange operations which might have required 
twice or thrice the amount in time of War. And for¬ 
tunate it is for the interests of Commerce that it should be 
bo; for the great and general increase of population, and 
the equally great increase of commodities requiring an 
augmented supply of money to circulate them, would 
otherwise have greatly aggravated the distress arising 
from the diminished stock of the precious metals. 

It was in 1824 that several Associations or Companies 
were formed in London to put the mining works again 
in a state of activity. They obtained leases of the prin¬ 
cipal mines, provided large capitals, and sent oht to 
Mexico agents, machinery, and mining woikinen. The 
efforts of these Companies have as yet been unsuccess¬ 
ful, owing chiefly to the lollowing causes : 

J. The mines were dilapidated to a much greater 
degree than was expected, and required vcry expensive 
repairs. 

2. There, being no silver mines in England, the 
agents and workmen sent out were, anil still are, unac¬ 
quainted with the proper processes, particularly for 
separating the silver trom the ore. They follow the rude 
practice of the Mexicans, with very little attention to the 
improved methods which have been in course of adop¬ 
tion in Germany during the last thirty or forty years. 

:i. Mining, like all undertakings of dillieulty in 
Mexico, had been managed by natives of Spain, the 
Mexicans having neither the information nor the activity 
required tor such enterprises. But the Civil war having 
ended in favour of the Mexicans, the Spaniards were 
obliged to leave the Country, which was thus deprived 
of their capital, and of what it could equally ill aii’urd, 
their intelligence and habits of business. 

In the absence of Spaniards, the English arriving at 
the mines hud recourse to the natives, who being igno¬ 
rant ot Mechanics, Chemistry, and the principles of 
mining, proved most incompetent assistants. They had, 
in nine eases out of ten, no other object than to cause as 
much English capital as possible to circulate amongst 
them. IJcuce the absorption of the chief part of the 
funds of the Companies in a very few years. 

Such have bgcn the causes? of the 'failure hitherto of 
the Mining Associations; hut vvlmt, it may be asked, is 
the prospect for the future? First, the mines of Mexico 
are very numerous, those that are exhausted hearing hut 
a small proportion to those that continue productive. 
The ore is .abundant but uot rich: hence the necessity 
of employing many thousand workmen. In fact, the 
great extent to which mining lias been carried in 
Mexico, compared to Peru and other Provinces of 
Spanish America, has been owing to u very simple 
cause, the greater supply of labourers. In Peru the 
population is chiefly in valleys, while the mines arc in 
mountains, the keen air uf which is highly pernicious to 
the workmen from the plains; hut in Mexico, a con¬ 
tinued table-laud, the temperature is nearly the same 
througuout. The labourers employed bI the mines have 
consequently good health, and progressively increase 
their numbers, like the miners in Cornwall and in 
Saxony. 

It thus appears that the arguments in favour of a 
prospective increased supply of silver, are . 

The ubundancc of ore in the mines; 

\ ol . vx. 


The increasing number of mining workmen ; Commerce.' 

And, on tiic assumption of continued Peace, a further - -r- T — - 
supply of capital from England to wotk the mines. 

On the other side of the question are : 

The iinacquainlatice of our mintrs with silver ore • 

The general ignorauee of the Mexicans , and 
The very slow progress of the Companies in correct¬ 
ing the defects of their present system. 

it is well known that in any Country, Joint Stock 
Companies succeed only when the agency of their ser¬ 
vants is confined to a few plain objects, and when all 
that admits of being delegated, is transferred to indivi¬ 
duals acting on their own account. Thus at most of 
the mines in Europe the practice is to sell the ores as 
roon as they are raised to the surface, leaving to indivi¬ 
duals the nice and difficult task of reducing the ores, or 
separating the silver from the dross. Bdt in Mexico 
that practice is by no means gem ral; several of the 
mining districts are as yet too poor ami too thinly peopled 
to supply persons qualified to reduce the ores; and there 
are considerable difficulties in bringing such persons 
from Europe and settling them ut the mines. 

It is thus almost impossible to calculate with con¬ 
fidence the future produce of live Mexican mines, but a 
large increase is certainly not to be expected at present. 

And if is a Historical fact of great importance, that at no 
period during the last two hundred years has the supply 
of silver from America hud much cflict in raising prices 
in Europe? it lias done little more than keep them at t!,.; 
scale they attained in the With Century. Although 
the influx of silver was regularly on the increase, the 
consumption of it extended in nearly an equal propor¬ 
tion. The causes are, that of tin* silver raised annually 
from mines, only a third part is converted into coin, 
while two-thirds arc used for plate, and other purposes 
of ornament. The demand for silver thus increases 
with the population and wealth of the civilized World ; 
these have advanced continually during the last two cen¬ 
turies, and at no period lias there been a greater prospect 
of their further increase than at present. 

It follows, therefore, that an augmented supply of 
silver would 1* readily absorbed by the demands of the 
civilized World ; and that there is at present no prospect 
of any such increase as would cause a rise in the price of 
commodities. 

Commercial Prospects of England. 

While few departments of industry have been fol- Mcrclmiit* 
lowed in practice to so great an extent as Commerce, 
hardly any has been less an object of study it, 1-1 

regard to its principles. The habits of merchants arc 
strictly practical, and when they act by rule, even 
the most judicious among them are unconscious that 
they do so, because such rules exist only in the mind of 
the individual, being the result not of study or of tlie 
lessons of others, but of his personal experience duiing 
a number of years. Many merchants are remarked as 
well for intelligence and reflection, as for extensive in¬ 
formation; but as that inhumation is not reduced into 
a system, ami is brought forth only in occasional con¬ 
versation, it expires, in a great measure, with the pos¬ 
sessor ; so that new generations are left to acquire 
experience, like their predecessor, by length ot tunc 
and practice in business. Readily do we admit that 
practice and intercourse are as indispensable m forming 
a merchant as a lawyer or physician, but they do not 
s 
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supersede instruction by principle any more in trade 
than in law or medicine. Like these professions, Com¬ 
merce has its general rules ; its precepts aflirnv.ilive and 
negative. Siqqiorted by the former, tlje merchant will 
persevere in an occupation or a connection which tempo¬ 
rary disappointments might otherwise make him aban¬ 
don : deterred by the latter, he will avoid those tempting 
but fallacious tiudeitakings in which his unthinking 
brethren arc si) ready to eng'tige. 

The most effectual mode of proof is by example, niul 
if we look for a case of suffer-ng on the part ot our mer¬ 
chants, from their being merely piaclical men, we shall 
find it unfortunately too soon : we need go no further 
than seven or eight years hack, when the trade of Mexico 
and the rest of Spnnish-Auicrica was opened to this 
Country. Aware that quantities of gold and silver had 
for many Ages been supplied by those Countries, our 
merchants considered them wealth) ill other respects, 
and entitled to iarce credits, ns well lor the manufac¬ 
tures they bought from us, ns for the money which their 
respective Governments proposed to burrow. Hence arose 
large exports of our merchandise, billowed by extensive 
loans on the fuith of South American funds, and equully 
extensile advances on the security of their mines. We 
will not dwell on the amount of tile loss thus incurred ; 


years since the origin of our differences with onr North Commerce* 
American Colonies which hurst forth into open war in 
1775, and ended, after a seven years'struggle, in their se- War with • 
parntion from the Mother Country. Those Colonies had 
long been bound by f\ets of Parliament to take their urn- j 775 . ’ 

nufuctures from England, and to send all their exported its causes, 
produce, their tobacco, their Hour, their timber, to till's » 

Country in the first instance ; that we might purchase 
as much as was wanted lor our use, and have a profit 
on the sale of the remainder to foreigners. Those re¬ 
strictions seemed to our Statesmen, as to our merchants, 
of great advantage to the Mother Country. Tin* war 
with the Colonies was of long continuance, and many 
persons in England lamented it, lad they did so chiefly 
oil considerations of humanity. No speaker in Parlia¬ 
ment* no practical merchant, came forward to maintain 
that we should be able to retain our trade with the Ame¬ 
ricans without (he aid of monopoly, England being the 
only Country in Europe that could afford the long 
credit rendered necessary by their scanty capital. Peace 
came in 1783, and our Countrymen were pieparcd to 
resign a great part of this trade, when In tlicii surprise 
they found it not only continue but increase. Could 
political feeling have decided the question tile result 
would have been different. The national attachment of 


on the millions thus transferred (tom England'to the 
Western Hemisphere: the point is to consider whether 
the mania would have been carried so far had our mer¬ 
chant" had the benefit of institution in the Principles of 
Commerce. In the oouise of such instruction one of 
Poverty of ^ ,e earliest lessons would have been, that Coiniliies pro- 
• mining ills- during gold and silver arc in giucial poor : that mines 
tricu. of those metals do not, anv more than mines ot'coal, or 

iron, or copper, offer their treasures uneasy terms, hut 
must he wrought with great labour, and under careful 
superintendence. Thu ixpense of mining is hi general 
such as to restrict the profit on it, to the fame limited 
scale as the profit on agriculture or manufactures, 
anil of all Another important lesson denied from studying the 
thinly History of Copnueree is, that thinly peopled Commies, 
peopled hke Spanish America, arc ltivuriebly bare of capital, 
tu.nines. w |,.,,ever be tlicir advantages as to soil and climate. 

The reasons are obvious: capital is a plant of slow 
growtii, the result of skill, labour, and perseverance; 
advantages to be found only in populous and long 
settled communities. Holland, with a inaishy soil and 
an iinitivnuig climate, lias long proved a valuable cus¬ 
tomer tor our uianuf.iUures, because the amount of her 
population and the advanced stale of tlicir productive 
industry, enable tier to supply us in return cither witli 
valuable commodities or with money arising from the 
sale of such commodities. .But a region like Spanish 
America, which, compared to England, has not on the 
same extent one inhabitant to twenty, can have no 
wealth arising from manufactures, and not much arising 
from Country products. Of till such products, whether 
the indigo, sugar, and cotton of a tropical climate, or 
the corn and wines of more temperate regions, the 
main constituent is labour, and labour can never be 
abundant where the population is scanty. Simply *as 
are these truths, a knowledge of’them on the part of 
our mercantile Countrymen in the unfortunate year 
1825, would have been the means of saving many mil¬ 
lions to England. 

Our next example of miscalculation as to Commerce 
shall he of quite a different nature; and taken from the con¬ 
duct of our Government in the last Century. It is now sixty 


the America's was to the French. They hud fought 
together against us ; they had a mutual jealousy of our 
naval power ; they were eager to draw c-loser tlicir con¬ 
nection by the tics of commercial intercourse ; but all 
was unavailing'. Then, as at present, France was bare 
of capital, and not rich in maiiiilactines ; she could sup¬ 
ply America only with wines and silk ; the other nival 
m tides of cousin option, woollens, linen, cot ton, haul ware, 
continued In he drawn I ruin England. The result 
has been, that from America separated, or, as she styled 
herself, independent, ue have reaped much more advan¬ 
tage than bom the same Country when subject to our 
colonial laws. How much blood and treasme would 
have been saved had our Statesmen and our merchants 
been earlier aware of this truth ; and had they known 
that the duel subject for tlicir consideration was merely 
whether our Colonists wire sufficiently advanced in 
political science to conduct tlicir own Government. If 
they wore so. it wax cleaily for the mutual advantage of 
Couutrii s mi distant from each other, to sepal ate. each 
confining itself to the administration of yx own affairs. 

ilut of all examples of error arising from deficient Wars of the 
knowledge of the principles of trade, the most Miikoig l'n*in*li Ke- 
waj atlorilcd during our late M ars with Flame. .Mims- \** 1 ; itu.:i: 
tors, merchants, Members of I'mIhiment. were all do- 
oei\c:I by appearance^; nil joined iu Unit the lation*. 

nnpover.slung effect ot tinnier Y\ ars was completely 
belied by our situation, Commercial and Financial, 
during that long contest. Money seemed every year to 
increase in .ibumlanco; the country gentleman tecriv- 
ing augmented rents (or his farms ; the town land¬ 
lord tor his lioiisi the manufacturer a higher pnee ‘ 
for his woollens, his linens, bin hardware; while the 
humble mechanic, anil tile still humbler country labourer, 
experienced ti progressive increase in tlicir wages. So 
general a rise iu the scale of payments could, in the 
general opinion, proceed only Iroin increased wealth, 
and that wealth must, according to the mercantile 
creed, be obtained ut the expense of our neighbours. 

Of this we had an amusing example in the wntin<>s of 
the late Arthur Young. “ The French Revolution," he 
said, “ hurst forth hke a volcano, laying the industry, 
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Commerce. manufactures, anil Commerce of France, and eventually 
those of Ute whole Continent, in the dust. Britain 
• became the emporium of the World, £nd such u scene 

of wealth and prosperity filled every eje in this happy 
Country ns the Sun before had never shone upon/’ 

Such was the general opinion of our merchants, and 
08 to the cause of any great change, practical men seldom 
go far for a solution ; our navy was unresisted oil the 
ocean, and our mercantile shipping had increased ; 
hence a common belief that our augmented wealth arose 
from foreign trade. Even men the least connected with 
Government, had no distinct idea of the temporary 
nature of our prosperity or of the probability of a re¬ 
action. Not that we were without examples in History 
of such a reaction ; lor Sir William Temple, in his in¬ 
teresting account of the trade of Holland m the X V J It h 
Century, had described, in a maifiier equally clear uud 
impressive, the general stagnation in mercantile uifinis 
which followed the Peace of Westphalia. A similar fall 
of prices took place after (he Pence of Utrecht in 1712, 
and. in some degree, after our Peace with Frame, Spain, 
and tin- United States of America, in 17KU Rut of 
these lattef changes there was no cleat or satisfactory 
record, auil; iiii{i>rtun.itclr, Ik lore the close of the last 
War. we had lost m Pitt the only Minister familiar 
with such a transition, the only one who, during - the ex¬ 
citement of the War, hriil warned In.-, colleagues of the 
reaction to lie apprehended at a Peace. Serious, in¬ 
deed. lias that reaction piovid ; in point of time it has 
lasted nearly tweti'y years, while as to dcgiee, it has. m 
very many cases, amounted to hail'the income of whole 
classes of the community. 

Vet, long as has been the period of suffering, the 
Public ale tint, even at pieseut, ugiccd as to its causes. 
By some it isasitilicd to the liee-tiade system and the 
Competition of l’oieigiicis ; by others, and a very nume¬ 
rous hotly, to the resumption ol cash payments; while 
a third party atlntmte it mainly to the dccieased pm- 
ducc of the silver mines of Amciica during - the last 
twenty years. Each of these Lawses lias,' douhlli-s, 
cunlidmtcd to the fall of prices, hut limy are insullicu’iit 
to account lor so great and genet.il a result : tor tins fail 
has taken place in France, Italy, (icinuny. Uountiics 
in which It,inks are almost unknown, and where, Ouii-e- 
C.uiscs of rpieutly, there were no small notes tubivenlhd in. Il must 
Hi-' cK-lmo awing - , therefoic, to causes ol' very comprehensive 
ul price operation, and Tvliat so likely to hold the lust rank in 
the li-t as’ the change fimn genual War to general 
Peace; a change wInch gave hack so many millions of 
capital, and so many hundred thousand hands to pro¬ 
ductive employment; winch renewed the inteicourse 
between all Countries, substituting open and unre¬ 
stricted trade for the barh iioos anti-commercial edicts of 
Bonaparte. If. in proof of this, we select any parti¬ 
cular class of Society, we shall find that the decline of 
puces since the Peace has borne u rcinai kuble propor¬ 
tion, both m its nature and degree, to their rise dining 
the War; those who profiled most during the contest 
having, in general, been the most reduced since the 
Peace. Tins holds lit regard to most of tlw productive 
classes, or those who earn their support chiefly by per¬ 
sonal exertion, and the employment of a limited capital. 
Of this description ate farmers, and the very numerous 
Body, who, whether agriculturists, trailers, or prolcs- 
sional men, carry' on their business with borrowed 
money. All these classes find the payment of their 
rent, interest, and other fixed money charges, much 


more heavy since the fall in the price of the com.no,li- Commerce. 

tics in which they respectively deal; imolvn,.. „ s it Wyw 

docs a decrease m the wages, salaries, and piolessiousd 

lees, winch form then respective incomes. Rut that ,s„ot 

all : a .similar decline has taken place in the value ol their 

fixed capital, such as stock in trade, machinery, or build- 

ings. Cramped thus in their power of employing - the 

lower orders, a number of the latter are tlnow'n out of 

work. We hear, year after year, of a superabundance 

of country labourers, owing not to there being more 

lalnnirers than are required to raise the requisite'supply 

ol provisions, for ol iate years we have impelled corn 

largely, but to the reduced capital of our faimers. whnh 

prevents them fioni giving employment to those who 

want it. 

I-ami In. vv many classes of the community do we 
hear similar complaints V From the muntilacturers of 
woollens, cottons, linen, and more pointedly still from 
ship-builders, and the iron and hardware merchants. 

One impoilaiit pari o| our national property, houses, 
long - maintained a high rent m consequence chiefly of 
our increasing population ; lint o' late that property also 
has fallen. Mow easily might we continue this painful 
catalogue, tins enumeration of losses ami embarrass¬ 
ments consequent on the lavish use of paper money 
during the War. llow clearly could all this lie traced 
to a delii lent knowledge of the Principles ot Commerce 
and finance ; but we will not dwell on pustennis ; we 
will turn to a more ducting theme ; to the pro-put of 
surmounting our distress ami the means by winch it is 
to be attempted. 

Amidst nil these embarrassments ami complaints, Pro-pect of 
there is ev doully no lulling off in the productive powers U!l ' I : r-ar 
of the Country. The quantity of our yearly crop-, the r ‘ 
extent 01 our innnuluvnitcs, the amount ol our meu.au 1,11-11 
tile sliipp.ng - are ail greater than at any former lime, 
and all in a slate of piogressive increase. It follows, 
tlieu, tliat the real wealth of me Country continues in 
an augmenting ratio; the pressure on us aiises iiom 
the ev ils ol transition ; trom mi'ortunatc fluctuations in 
our currency ; Iiom the prices ot very many aitides, 
whether of produce or mauulactuie, having ialleii in a 
greater degree l>>au the eiiaige of preparing and bung¬ 
ing - them to market Xuw such a disproportion ianno 1 , 
continue; if we are not able tu foresee in what manner 
or alter vv hut l.ip-e of time the equilibrium will be ic- 
storeil, we may safely assume that restored it will be, 
because the existing msullicicuey of],nee is as contrary 
to fairness and justice, as its long continuance would be 
contrary to all experience. 

First, as to our annual growth of corn and other Ourneii- 
counlry produce. Dining - the War, eousideiahlc mt- c ’“"a* 
easiness was felt by the Public ut the insufficient v of our l' 0--1 " -0- 
crops and at our consequent dependence on foreigncis. 

“ Provisions,’ it was said, will lisc in price, ami our 
manufacturers will go to cheaper Countries. Tue com 
exporting purl of Europe may. it was added, again tail 
under the sway of a madman like Paul of Rus-ia. o-ol 
a headstrong despot like Bonaparte; in limes o! -can.ty 
the consequences might be most injurious." But 'min such 
an apprehension we are now alinosi wholly rc.ievcd : tht? 
quantity of our yeatly produce is nu iva-cd ; agiuil- 
tural iinprt iv cine Ik's are extending in Ireland, in Can a. la, 
and on the shores of the Euxiiie ; r'oimtiie- too 
remote from eacii other to be contiouVd by am -niglc 
power. Sixty years ago it was a tonunoii iiota.Ww that 
the English raised as much produce, .md prepared a« 
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much of manufactures as the limited extent of our ter¬ 
ritory admitted; and a French Political Economist, the 
father of the well-known Mirabeau, told his Country¬ 
men in a printed Work : “ You have been outstripped 
in the career of productive industry by the English, but 
do not apprehend that they will continue to take the 
lead, for they have advanced as far as it is possible for 
them to go.” Yet, at that time our annual crops were not 
half their present amount; our moieantile tonnage not 
one-third; our export of manufactures not much above 
a fourth of the present quantity! So much for the 
accuracy of this foreigner: among ourselves, a well- 
known writer on population long since sounded the 
alarm at our increasing numbers; while one of his an¬ 
tagonists, writing twenty years ago, comforted us with 
the assurance that we might be tranquil until our ave¬ 
rage numbers should amount to threelnmdred personsoil 
u squaic in lie. . To that limit we are now fust approach¬ 
ing, the census of 1831 exhibiting about two hundred 
and seventy persons jn England to the square mile ; jet 
our farmers supply the augmented number with pro¬ 
visions as easily'us their fathers and grandfathers sup¬ 
plied half the number in a former Age. The truth is, 
that we are wholly unable to fix a limit to the produc¬ 
tive powers of a Country; Ireland, the most densely 
peopled part of the United Kingdom, which at present 
supports eight millions of inhabitants, may, under an im¬ 
proved system of agriculture, so add to her produce, as, 
at no remote‘date, to support, perhaps, twice her pre¬ 
sent numbers, and to send to England twice or three 
times as much wheat and oats as at present. We 
may, therefore, safely dismiss the apprehension of our 
mauufucluFers taking up their residence in cheaper 
Countries: at presejit provisions are not dearer in 
England than on the Continent by so much as a fifth or 
twenty per ceul.; and there is great reason to think 
that the difference will become progressively less. 

llul whatever disadvantage our workmen may labour 
under in regard to provisions, is balanced, aiul more 
than balanced by the cheapness of the other constituents 
< of manufacturing prosperity, such as coal, iron, roads, 
j canals, railways. In coal we have an unquestioned 
superiority, both as to the quality of the mineral and 
the means of conveying it. Coal is found in various parts 
of the interior of Europe; in Poland, in Austria, in 
Spain; but how limited are the incans of transport¬ 
ing it, ami how long the time that must elapse ere those 
pour uud thinly peopled Countries will be able to make 
the canals and railways required for that purpose ! The 
same holds in regard to iron, our mines of which were 
hardly known forty years ago, when we were content to 
look to Sweden for the supply of an article, of which we 
now make above 600,000 tons annually. As to canals, 
it is now about seventy years since they began to be 
excavated iu England; that is, since the intercouse 
between our chief towns became such as lo defray a 
mode of transport which in the outset is very costly. 
Now, on the Continent of Europe, canal communica¬ 
tion is extensive only in the Netherlands; in France, 
much us it has been spoken of, it is still on a very 
limited scale; while in Italy, Germany, Spain, the 
canals arc absolutely insignificant. It follows that 
most of the improvements effected in this Country at 
so heavy an expense, remain to be made on the 
part of the nations attempting to rival us; and with 


how inferior means on their part as to capital and Commerce, 
machinery! 

Equally inferior are their means ns far as such dc- In ,uw “ * 
pend on the distribution of their population; with them P u l ,uli ‘ ,lon * 
the majority of the inhabitants reside iu the country; 

.with us they reside in towns. Take the twelve prin¬ 
cipal towns of France, and compare the number of 
their inhabitants with that of the twelve principal towns 
of England and Scotland, and in the cuse of each of the 
places compared, the superiority of numbers will be 
found on our side. Again, take.the whole town popula¬ 
tion of France, and extensive us that Country is, the 
aggregate of the inhabitants of her towns will not be 
found to equal iu number the town population of Great 
Britain and belaud. In England, so improved is our 
agriehlture, so important are the advantages arising from 
farming capital, from Setter implements, from subdivision 
of work, that thirty-three persons iu one hundred are 
sufficient to raise provisions for the community at large; 
while iu France the labour of fully fifty persons in one 
hundred is required for that purpose. How great is the 
superiority of workmen collected iu towns over a 
scattered peasantry ! how steady their continuance at 
one kind of employment ! how exact elicit execution ! 

Their better wages enable them to consume much more 
of taxed commodities; hence the large revenue of 
Holland a century and half ago, at a time when in the 
rest of Europe the names of Excise and Customs 
were hardly known: hence at present the payment 
in this Country by duties on cunMimptinn of twice as 
notch revenue as iu France. To whatever pmt of 
Commercial History we look, whether to ancient or 
modem times, lo Egypt, Phu'iiicia, Greece, Carthage; 
lo Modern Italy, the Netherlands, or the Manse Tow iis, 
we find increase of tow n population the cause and accom¬ 
paniment of augmented wealth. Nor is llieie any rea¬ 
son to question that vve shall keep up and increase our 
superioiily in this respect. The difference of expense 
between town and country is less in England than oil 
the Continent, liecause the extent of our communications 
both by sea and land facilitate the transport of corn, 
fuel, timber, and other bulky commodities, and cause ail 
approach to equality in most parts of the Kingdom. 

The improvements now in progress in our turnpike 
roads and railways bid fair to lessen further the cost of 
provisions in towns, and greatly to augment the nutu- 
ber of their inhabitants. 

Enough has now been stated lo show how little we Internal 
have to apprehend from the competition of foreigners, regulations. 
In our internal regulations, our laws relating to trade. 

Banking, and taxes, so fur as the latter affect trude, 
our present sufferings are caused iu a considerable de¬ 
gree by mistaken Legislation; by abuses allowed to re¬ 
main on the Statute book on little other ground but 
that ot prescription. This, however, is not the place, nor 
indeed, if it were so, have we either room or inclination to 
enter upon the dangerous and difficult review by which ' 
this subject must be illustrated. It may suffice to ex¬ 
press our hope, that a time has now arrived in whieh 
the narrowness of private opinion will be superseded 
by a more expansive general reasoning, and in which 
Mercantile interests will be regulated not by caprice, 
accident, or prejudice, but by the more sure and enlight¬ 
ened guidance of a study of Tiif. Principles of 
Commerce. 
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Definition of the Science. 

We propose in the following Treatise to give an outline 
of the Science which treats of the nature, the production, 
and the distribution of wealth. To that Science we give 
the name of Political Economy. Our readers must he 
aware that that term has often been used in a much wider 
sense. The earlier writers who assumed the name of 
Political Economists avowedly treated not of wealth but 
of government. Mcrcier de la ltiviere entitled his 
Work The Natural and Essential Organisation of So¬ 
ciety, and professed to propose an organization “ which 
shall necessarily produce all the happiness that can he 
enjoyed on earth."* Sir James Steuart states, that 
“ the principal object of the Science is to secure a certain 
fund of subsistence for all the inhabitants, to obviate 
every circumstance which may render it precurious, and 
to provide every thing necessary for supplying the wants 
of the society.”f The modern continental writers have 
in general entered into an equally extensive inquiry. 
“ Political Economy,” says M. Storch, “ is the Science 
of the natural laws which determine the prosperity of 
nation*, that is to say, their wealth and their civiliza¬ 
tion.” J M. Sismondi considers “ the physical welfare 
of man, so far as it can be the work of government, as 
the object of Political Economy.’’^ “ Political Eco¬ 
nomy,” says M. Say, “ is the economy of society ; a 
Science combining the results of our observations on the 
nature and functions of the different parts of the social 
body.”|| The modern writers of the English school 
have in general professed to limit their attention to the 
theory of wealth ; but some of the most eminent among 
them, after having expressed their intention to confine 
themselves within what appears to us to be their proper 
province, have invaded that of the general legislator or 
the statesman. Thus Mr. M'Culloch, after having de¬ 
fined Political Economy to be “ the Science of the laws 
which regulate the production, accumulation, distribu¬ 
tion, and consumption of those urticles or products that 
are necessarily useful or agreeable to man, and possess 
exchangeable value;”^f or, “the Science of values;” 
adds, that “ its object is to point out the means by which 
the industry of man may be rendered most productive of 
wealth, to ascertain the circumstances most favourable to 
its accumulation, the proportions in which it is divided, 
and the mode in which it may be most advantageously 
consumed.”** 

It is impossible to overstate the importance of these 
inquiries, and it is not easy to state their extent. They 
involve, as their general premises, the consideration of 
the whole theory of morals, of government, and of civil 
and criminal legislation; and, for their particular premises, 

• Diirours PrUiminmre, hv. vi, 

♦ Vol. i. p. 2. 

j Turn. i. p. 21. 

4 Abuvrau.r I’rinci/ics tf F.canomie Politique, liv. i. ch, ii. 
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a knowledge of all the facts which affect the social con- Political 
ditiou of every community whose conduct the Economist Economy, 
proposes to influence. We believe that such inquiries '■““s'”—' 
far exceed the bounds of any single Treatise, and indeed bbnits of 
the powers of any single mind. We believe that by 1 l<!Sllc,lc8 
confining our own and the reader’s attention to the 
nature, production, and distribution of wealth, we 
shall produce a more clear, and complete, and instruc¬ 
tive work than if we allowed ourselves to wander into 
the more interesting and mure important, but far less 
definite, fields by which the comparatively narrow puth 
of Political Economy is surrounded. The questions, to 
what extent and under what circumstances the possession 
of wealth is, on the whole, beneficial or injurious to its 
possessor, or to the society of which lie is a member? 
what distribution of wealth is most desirable in each 
different state of society? and what are the means by 
which any given Country can facilitate such a distribu¬ 
tion?—all these are questions of great interest and diffi¬ 
culty, but no more form part of the Science of Political 
Economy, in the sense in which we use that term, than 
Navigation forms part of the Science of Astronomy. The 
principles supplied by Political Economy arc indeed 
necessary elements in their solution, but they arc not the 
only or even the most iuqmrfaut elements. The writer 
who pursues such investigations is in fact engaged on the 
great Science of legislation ; a Science which requires a 
knowledge of the general principles supplied by Political 
Economy, but differs from it essentially in its subject, its 
premises, and its conclusions. The subject of legislation 
is not wealth, but human welfare. Its premises are 
drawn from an infinite variety of phenomena, supported 
by evidence of every degree of strength, and authorizing 
conclusions deserving every degree of assent, from per¬ 
fect confidence to bare suspicion. And its expounder is 
enabled, and even required, not merely to state certain 
general facts, but to urge the adoption or rejection of 
actual measures or trains of action. 

On the other h.and, the subject treated by the Political 
Economist, using that term in the limited sense in which 
we apply it, is not happiness, hut wealth; his premises 
consist of a very few general propositions, the result of 
observation, or consciousness, and scarcely requiring 
proof, or even formal statement, which almost every 
man, as soon as he hears them, admits as familiar to his 
thoughts, or at least as included in his previous know¬ 
ledge; and his inferences arc nearly us general, and, if 
he has reasoned correctly, as certain, as his premises. 

Those which relate lo the nature and the production of 
wealth are universally true; and though those winch te- 
late to the distribution of wealth are liable to be allcetrd 
by the peculiar institutions of particular Countries, in the 
cases for instance of slavery, legal monopolies, or poor 
laws, the uatural stale of things can be laid down as the 
general rule, anti the anomalies produced by particular 
disturbing causes can be afterwards accounted Ibr. Hut 
his conclusions, whatever be their generality anil their 
truth, do not authorize him in adding n siogV -y liable of 
t 
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Political advice. That privilege belongs to the writer or the 
Economy■ statesman who has considered all the causes which may 
'"" f " promote or impede the general welfare of those whom 
theSeieoco. ^ ,e eddrexses not to the theorist who has considered only 
one, though among the most important, of those causes’. 
The business of a Political Economist is neither to re¬ 
commend nor to dis-mado, but to state general prin¬ 
ciples, which it is fatal to neglect, but neither advisable, 
nor perhaps practicable, to use as the sole, or even the 
principal, guides in the actual conduct of affairs. In the 
mean time the duty of each individual writer is clear. 
Employed as he is upon a Science in which error, or 
even ignorance, may be productive of such intense and 
such extensive mischief, he is bound, like a juryman, to 
give deliverance true according to the evidence, and to 
allow neither sympathy with indigence, nor disgust at 
profusion or at avarice—neither reverence for existing 
institutions, nor detestation of existing abuses—neither 
love, of popularity, nor of paradox, nor of system, to deter 
him trom stating wluit he believes to be the facts, or 
from drawing from those facts what appear to him to he 
the legitimate conclusions. To decide in each case how 
far tho-c conclusions are to be acted upon belongs to 
the art of government, an art to which Political Eco¬ 
nomy is only one of many subservient Sciences j which 
involves the consideration of motives, of which the 
desire for wealth is only one among many, and aims at 
objects to which the possession of wealth is only a sub¬ 
ordinate means. 

The confounding Political Economy with the Sciences 
and Arts to which it is subservient has been one of the 
principal obstacles to its improvement. It lias acted 
thus in two different modes:— 

First, by exciting in the public unfavourable pre¬ 
judices. 

And, secondly, by misleading Economists, both with 
respect to the object of their Science and the means of 
attaining it. 

With respect to the first of these obstacles, it has often 
been made a mutter of grave complaint against Political 
Economists, that they confine their attention to wealth, 
and disregard all consideration of happiness or virtue. 
It is to lie wished that this complaint were better 
founded, but its general existence implies an opinion 
that it is the business of Political Economists not merely 
to state propositions, but to recommend actual measures, 
ibr on no oilier supposition could they be blamed tor 
confining their attention to a single subject. No one 
blames a writer upon tactics for confining bis attention 
to military affairs, or, from bis doing so, infers that lie 
recommends perpetual war. It must be admitted that 
an author who, having stated that a given conduct is 
productive of wealth, should, on that account alone, re¬ 
commend it, or assume that, on that account alone, it 
ought to be pursued, would be guilty of the absurdity 
of implying that happiness and the possession of wealth 
ure identical. But his error would consist not in con¬ 
fining his attention to wealth, but in confounding wealth 
with happiness. Supposing that error, and it is a very 
obvious one, to be avoided, the more strictly a writer con¬ 
fines his attention to his own Science, the more likely he 
is to extend its bounds. 

Secondly, the confounding the Scieuec of Political 
Economy with the Sciences and Arts to which it is suh- 
servient, has seduced Economists sometimes to undertake 
inquiries too vague to lead to any practical results, and 
sometimes to pursue the legitimate objects of the Science 


by means unfit for their attainment. To their extended Political 
view of the objects of Political Economy is to be at- Econ omy.^ 
tributed the undue importance which many Economists " 

have ascribed to the collection of facts, and their neglect the Science, 
of the far more important process of reasoning accurately 
from the facts before them. We are constantly told that it 
is a Science of facts and experiment, a Science avirlc do 
fails. The practical applications of it, like the practical 
applications of every other Science, without doubt, re¬ 
quire the collection and examination of facts to an 
almost indefinite extent. The facts collected as ma¬ 
terials for the amendment of the poor-laws, and the 
opening of the trade to China, fill more than twice as 
many volumes as could lie occupied by all the Treatises * 

that have ever been written on Political Economy ; but 
the fafts on which the general principles of the Science 
rest may be stated in a very few sentences, ant) indeed 
in a very few words. Hut that the reasoning from 
these facts, the drawing from them correct conclusions, 
is n matter of great difficulty, may lie inferred from the 
imperfect state in which the Science is uow found after it 
has been so long and so intensely studied. 

This difficulty mixes partly from the extremely com¬ 
plicated nature of the subjects which it investigates, and 
the consequent abstractness and generality of its terms. 

A description, if it were possible, of all the different 
things which are designated by the word “ wealth,” or 
even by the less comprehensive word “ capital," would 
fill an Encyclopaedia. It arises partly, also, from the 
circumstance, that the terms which we are forced to use 
as signs fi>r these abstractions are taken from ordinary 
language, commonly used in senses too wide or too 
narrow for scientific purposes. In the case, therefore, 
both ol the miter and of the reader, they are often as¬ 
sociated with le.ix which ate intended to he excluded, 
or separated trom ideas which are meant to be compre¬ 
hended. Thus, in ordinary language, the word capital 
is sometimes used as comprehending every species of 
wealth, and sometimes as confined to money. 

It Economists had been aware that the Science depends 
more on reasoning than on observation, and that its 
principal difficulty consists not in the ascertainment of 
its facts, but in the use of its terms, we cannot doubt 
that their principal efforts would have been directed to 
the selection and consistent use of an accurate nomen¬ 
clature. So far is this from having bee* the case, that 
it is only within a very short period that serious atten¬ 
tion has been given to its nomenclature. The. Wealth of 
Nations contains ncarcely a definition: most of the 
modern French writers, and some indeed of our own, 
have not only neglected definitions, but have expressly 
reprobated their use ; and the English Work which has 
attracted the most attention during the present century, 

Mr. Ricardo’s Principles of Political Economy, is de¬ 
formed by a use of words so unexplained, ami yet so 
remote from ordinary usage, and Irorn that of other 
writers on the same subject, and frequently so inconsist¬ 
ent, as to perplex every reader, and not uufrcqucntly to 
have misled the eminent writer himself. We do not 
complain of atl his innovations in language: such inno¬ 
vations are, for scientific purposes, frequently indispen¬ 
sable, and we shall be forced to make many ourselves. 

What we do complain of is, that his innovations, such, 
for instance, as the substitution of the word value, for 
cost, are frequently unnecessary, and are almost always 
made without any warning to his readers; and that the 
same words, such, for example, as the adjectives high 
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Political and low, when applied to wages, are used by him some- 

Kcouotuy. jj mes j n their popular sense, as expressing an amount, 
aJ1( ] sometimes in a technical sense of his own, as ex¬ 
pressing a proportion. 

Our object in these remarks has been not only to ac¬ 
count for the slow progress which has as yet been made 
by Political Economy, and to suggest means by which 
its advancement may be accelerated, but also to warn 
the reader of the nature of the following Treatise. He 
will find it consist, in a great degree, of discussions as to 
the most convenient use of u few familiar words. Such 
discussions it is impossible to render amusing, but we 
trust that they will be useful, by directing his attention 
to tile great difficulties of the Science, though he may 
often disapprove our classification or nomenclature. 

• 

Wealth. 

Wealth. Having stated that the Science which we propose to 
consider, and to which we apply the term Political 
Economy, is the Science which treats of the nature, the 
production, ami the distribution of wealth, our first busi¬ 
ness is to explain the meaning in which we use the 
word wealth. 

Under that term we comprehend all (hose things, 
and those things only, which are transferable, are limited 
iu supply, and are directly or indirectly productive of 
pleasure or preventive of pain ; or, to use an equivalent 
expression, which are susceptible of exchange; (using 
the word exchange to denote hiring as well as absolute 
purchase;) or, to use a third equivalent expression, which 
have value ; a word which, in a subsequent portion of 
this Treatise, we shall explain at some length, merely 
premising at present that we use it in its popular sense, 
ns denoting the capacity of being given and received in 
exchange. 

Of the three qualities which render any thing an 
article of wealth, or, in other words, give it value, the 
most striking is the power, direct or indirect, of pro¬ 
ducing pleasure, including under that term gratification 
of every kind, or of preventing pain, including under 
that term every species of discomfort. Unfortunately, 
we have no word which precisely expresses this power; 
viility, which comes nearest to it, being generally used 
to express the quality of preventing pain or of indirectly 
producing pleasure, as a means. We shall venture to 
extend the signification of that word, and consider it as 
also including all those things which produce pleasure 
directly. We must admit that this is a considerable in¬ 
novation in English language. It is,however, sanctioned 
by Mr. Multhus, ( Definitions , p. 234,) and has been 
ventured by M. Say iu French, a language less patient 
of innovation than our own. Feeling the same diffi¬ 
culty, he has solved it iu the same way by using the 
term ulitili ns comprehending every quality that 
renders any thing an object of desire. Attractiveness 
and desirableness have both been suggested to us as 
substitutes, but on the whole they appear to us more 
objectionable than •utility, objectionably as we must 
admit that word to be. 

Utility, thus explained, is a necessary constituent of 
value; no man would give any thing possessing the 
slightest utility for u tiling possessing none; and even 
an exchange of two useless things would be, on the part 
of each parly to the exchange, an act without a motive. 
Utility, however, denotes 110 intrinsic quality in the 
things which we call useful; it merely expresses their re¬ 


lations to the pains and pleasures of mankind. And, Political 
as the susceptibility of pain and pleasure from particular ^onomy, 
objects is created and modified by causes innumerable, 
and constantly varying, wc find an endless diversity in We “ lth - 
the relative utility of different objects to different per¬ 
sons, a diversity which is the motive of all exchanges. 

The next constituent of value is limitation in supply. 

It may appear inaccurate to apply this expression to any 
class of things, as it, in fact, belongs to all; there being 
nothing which, strictly speaking, is unlimited in supply. 

But, tor the purposes of Political Economy, every thing 
may be considered as unlimited in supply in its existing 
state, of which a man may have as much ns lie pleases 
for the mere trouble of taking it into his possession. 

Thus the water of the open sea is, iu our use of the 
term, uuliimted in supply ; any man who chooses to go 
for it may have as much of it as he pleases: that portion 
of it which has been brought to London is limited iu 
supply, and is to he obtained not merely by going to the 
reservoir and taking possession of it, but by giving for 
it an equivalent. The copper ores which Sir John 
Franklin discovered on the shores of the Arctic Sea 
may he considered, in their erisling state, as unlimited in 
supply ; any man may have as much of them as he has 
strength and patience to extract. The extracted por¬ 
tion would be limited in supply, and therefore sus¬ 
ceptible of value. Many things arc unlimited in 
supply for some purposes, and limited for others. 

The water in a river is in general more than suffi¬ 
cient for all tile domestic purposes for which it can be 
required; nobody pays therefore for permission to 
take a bucketful!: but it is seldom sufficient for all 
those who may wish to turn their mills with it; they 
pay, therefore, for that privilege. 

It must be further observed that, for economical pur¬ 
poses, the term limitation in supply always involves the 
consideration of the causes by which the existing supply 
is limited. The supply of some articles of wealth is 
limited by insurmountable obstacles. The number of 
Raphael's pictures, or of Canovu’s statues, may be di¬ 
minished, but cannot possibly be increased. There are 
others of which the supply may be increased to an in¬ 
definite extent. Such things may he considered as com¬ 
paratively limited in supply, in proportion, not to the 
existing supply of each, but to the force of the obstacles 
opposed to their respective increase. It is supposed 
that there is now about forty-five times as much of silver 
extracted from the mines, and current in Europe, as 
there is of gold. Human exertion is the only menus by 
which the supply of either can be increased, mid they 
tnay both be increased by human exertion to an amount 
of which we do not know the limit. The obstacle, there¬ 
fore, by which they arc each limited in supply is, the 
amount of human exertion necessary to their respective 
increase. About sixteen times more exertion is neces¬ 
sary to produce an ounce of gold than an ounce of silver. 

The obstacle, therefore, which limits the supply of gold 
is sixteen times more powerful than that which limits 
tlie supply of silver. In our sense of the term, therefore, 
gold is only sixteen times more limited in supply than 
silver, though the actual weight of silver in Europe is 
forty-five times as great as that of gold. To take a 
more familiar example, the number of coats and waist¬ 
coats in England is perhaps about equal. The supply 
of each may be increased by human exertion to an inde¬ 
finite extent; but it requires about three times as 
much exertion to produce a coat as to produce a waist- 
r :l 
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Political coat. As the obstacle, therefore, which limits the supply 
Economy. „f coats is three times as forcible as that which limits 
the supply of waistcoats, we consider coats three 
Wealth. times more limited in supply than waistcoats, though 
the existing: supply of each may perhaps be equal. 
Whenever, therefore, wc apply the words limited in 
supply, as a comparative expression, to those commo¬ 
dities of which the quantity can be increased, we refer 
to the comparative force of the obstacles which limit the 
respective supplies of the objects compared. 

The third and last quality which a thing’ must possess 
to constitute it an article of wealth, or, in other words, to 
give it value, is transferableness , by which term (we are 
sorry to say, an unusual one) we mean to express that 
all or some portion of its powers of giving pleasure, or 
preventing pain, are capable of being transferred, either 
absolutely, or for a period. For this purpose it is ob¬ 
vious that it must be capable, of appropriation ; since no 
man can give what he cannot refuse. The sources of 
pleasure and preventives of pain which are absolutely 
incapable of appropriation are very few. We almost 
doubt whether there are any, and we are sure that the 
instances which are usually given are incorrect. “ The 
earth," observes M. Say, Kcon. Pol. liv. ii. ch. ix. “ is 
not the only material agent with productive power, 
but it is the only one, or nearly so, that can be appro¬ 
priated. The water of rivers and of the sea, which 
supplies us with fish, gives motion to our mills, and 
supports our vessels, has productive powers. The wind 
gives us force, and the sun heat, but happily no man 
can say, * The wind and the sun belong to me, and I 
will he paid for their services.”' Now, in tact, air and 
sunshine are local. This is so obvious that it would be 
absurd to prove, by serious induction, that some situa¬ 
tions have too much wind, ami others too little, or that 
the sun’s rays are more powerful productive agents in 
England than in Melville Island, or in the Tropics than 
in England. And as the land is every where capable of 
appropriation, the qualities of cliinnte, which arc attri¬ 
butes of that land, must he so too. What gives their 
principal value to the vineyards of the Cute Rotie, but the 
warmth of their sun? or to the houses which overlook 
Hyde Park, but the purity of their air? Rivers and 
the sea are equally unfortunate illustrations. Many of 
the rivers of England arc not less strictly appropriated, 
and are far greater sources of wealth, than any equal 
superficies of land. When M. Say visited Lancashire, 
he must have found every inch of fall in every stream 
the subject of lease ami purchase. And so far are the 
services of the sea from being incapable of appropriation, 
that, during the late war, .£<30,000 was sometimes paid 
for a licence to make use of it for a single voyage; and 
the privilege of fishing in particular parts of it has been 
the subject of wars and treaties. 

The things of which the utility is imperfectly trans¬ 
ferable may be divided into two great classes. The first 
comprises all those material objects which are affected by 
the peculiar mental associations, or adapted to the pecu¬ 
liar wants, of individuals. A mansion may flatter the pride 
of its owner as having been the residence of his an¬ 
cestors, or be endeared to him as the scene of his child¬ 
hood ; or he may have built it in a form which pleases 
no eye. or laid it ont in apartments that suit no habits 
but his own. Still its substantial powers of affording 
warmth and shelter will obtain him purchasers or 
tenants, though they may demand a reduction from the 
price in consequence of those very qualities which, with 


him, formed its principal merits. The' palace of Sf. W>ht'e*l 
James’s is full of comfort and convenience, and would . cl '" omy ' 
supply a man of large fortune with an excellent rcsi- Wealth, 
deuce; but the long suite of apartments within apart¬ 
ments, which is admirably adapted to holding a Court, 
would be a mere incumbrance to any but a royal per¬ 
sonage. Any individual might hire Alnwick or Blen¬ 
heim, and enjoy their mere beauty and magnificence, 
perhaps, more than their owners who have been long 
familiarized to them ; but he could never feel the pecu¬ 
liar pleasure which they seem fitted to give to a Percy 
and a Churchill. There are many things, such as 
clothes and furniture, which sink in utility in the estima¬ 
tion of every one but their purchaser, from the. mere fact 
of having changed hands. A hat or a table which has 
just been sent home docs not appear to the purchaser 
less useful than when he saw it in the shop; but if lie 
attempt to resell either, he will find that with the rest of 
the world it has sunk into the degraded rank of second¬ 
hand. 

The speond class of things imperfectly transferable in¬ 
cludes the greater part, perhaps all, of our personal 
qualities. This classification, which plsjces talents and 
accomplishments among the articles of wealth, may ap¬ 
pear at first sight strange anil inconvenient; it certainly 
is different from that of most Economists. We will 
therefore venture to illustrate it more fully. 

Health, strength, and knowledge, and the other 
natural and acquired powers of body and mind, appear 
to us to he articles of wealth, precisely analogous to a re¬ 
sidence having some qualities that arc universally useful, 
and others peculiarly adapted to the tastes of its owner. 

They are limited in supply, and are causes of pleasure 
and preventives of pain far more effectual than the pos¬ 
session of Alnwick or of Blenheim. A portion of the 
advantages which arise from them are inseparably an¬ 
nexed to their possessor, like the associations of an he¬ 
reditary property: another portion, and often a very 
large one, is as transferable as the palpable convenience 
of the mansion, or beauty of the gardens. What can¬ 
not be transferred arc the temporary pleasure which 
generally accompanies the exercise of any accomplish¬ 
ment, and the habitual satisfaction arising from the con¬ 
sciousness of possessing it. What can be transferred are 
the beneficial results which follow from its having been 
employed during the period for which its* services have 
been hired. If an Erskine or a Sugden undertakes my 
cause, he transfers to me, for that occasion, the use of 
all his natural and acquired ability. My defence is as 
well conducted as if I had myself the knowledge and the 
eloquence of an accomplished advocate. What lie can¬ 
not transfer is the pleasure which he feels in the exercise 
of his dexterity; but how small is his pleasure compared 
to mine, if he succeeds for me! A passenger may envy 
the activity and intrepidity of the crew; they cannot nc 
tually implant in him their strength, or their insensibility 
to danger; but so far as these qualities are means 
towards an end, so far as they enable him to perform 
his voyage witji quickness and safety, he enjoys the use 
of them as fully as if they belonged to himself. A 
hunter probably feels somewhat the same sort of plea¬ 
sure in the chase which Erskine felt in court; and this 
pleasure cannot be transferred any more than his muscles 
or his lungs; but, so far as his strength, speed, and 
bottom are means towards the end of enabling his rider 
to keep up with the hounds, they can be purchased or 
hired as effectually as his bridle or saddle. In the 
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greater part of the world a man is as purchasable as a And yet Henry was among the richest and the most Political 
horse. In such Countries the only difference in value magnificent sovereigns of his times. Our great grand- *'- conom y* 
between a slave aud a brute consists in the degree in children perhaps will despise the accommodations of 
which they respectively possess the saleable qualities the present Age, and their poverty may, in turn, be 
that we have been considering. If the question whether pitied by their successors. 

personal qualities are articles of wealth had been pro- It is obvious, however, that mir dpsires do not aim so 
posed in classical times, it would have api>cared too much at quantity as at diversity. Mot only are there 
clear for discussion. In Athens, every one would have limits to the pleasure which commodities oi' any given 
replied that they, in fact, constituted the whole value of an class can afford, but the pleasure diminishes in a rapidly 
cfv^ivyjiy opyuvov. The only differences in this respect increasing ratio long before those limits are reached, 
between a freeman and a slave are, first, that the free- Two articles of the same kind will seldom afford twice 
man sells himself, and only for a period, and to a eer- the pleasure of one, and still les4 will ten give five times 
tain extent, the slave may be sold by others, and abso- the pleasure of two. In proportion, therefore, as any 
lutely ; and, secondly, that the personal qualities of the article is abundant, the number of those who are prov ided 
slave are a portion of the wealth of his muster; those of with it, and do not wish, or wish but little, to increase 
the freeman, so far as they can bg made the subjects of their provision, is likely to be great; and, so lar as they 
exchange, are a part of his own wealth. They perish are concerned, the additional supply loses all, or nearly 
indeed by his death, and may l>e impaired or destroyed all, its utility. And in proportion to its scarcity the number 
by disease, or rendered valueless by any changes iu the of those who are in want of it, and the degree in which 
customs of the Country which shall destroy the demand they want it, are likely to be increased ; and its utility, 
for his services; but, subject to these contingencies, they or, in other words, the pleasure which the possession of a 
arc wealth, and wealth of the most valuable kind. The given quantity of it will afford, increases proportionally, 
amount of revenue derived from their exercise in Kngland But strong as is the desire for variety, it is weak 
far exceeds the Anital of all the lands in Great Britain. compared with the desire for distinction : a feeling 

Of the three conditions of value, utility, transfer- which, if we consider its universality and its constancy, 
ablcness, and limitation iu supply, the lust is by far the that it affects all men and at all times, that it conies with 
most important. The chief sources of its influence on us from the cradle, and never leaves us till we go into 
value are two of the most powerful principles of human the grave, may be pronounced to be the most powerful 
nature, the love of variety, and the love of distinction, of human passions. 

The mere necessaries of life arc few and simple, l’ota- The most obvious source of distinction is the posses- 
toes, water, and salt, simple raiment, a blanket, a hut, an siou of superior wealth. It is the one which excites 
iron pot, ami the materials of firing, are sufficient to sup- most the admiration of the bulk of mankind, nnd the 
port mere animal existence in this climate: they do, iu only one which they (eel capable of attaining. To 
fact, support the existence of the greater part of the in- seem more rich, or, to use a common expression, to keep 
habitants of Ireland; and in warmer Countries much up a better appearance, than those within their own 
less will suffice. But no man is satisfied with so limited sphere of comparison, is, with almost all men who are 
a range of enjoyment. His first object is to vary his food ; placed beyond the fear of actual want, the ruling princi- 
but this desire, though urgent at first, is more easily satis- pic of conduct. For this object they undergo toil which 
ficil than uny other, except perhaps that of dress. Our no pain or pleasure addressed to the senses would lead 
ancestors, long after they had indulged in considerable them to encounter; into which no slave could be lashed 
luxury in other respects, seem to have been contented or bribed. But (his object is attained by appearances, 
with a very uniform though grossly abundant diet. And and, indeed, cannot he attained by any tiling else, 
even now, notwithstanding the common declamation All the gold iu the Paetolus, even if the Pactolus 
on the luxury of the table, we shall find that most were as rich as when Midas had just washed in it, would 
persons, including even those whose appetites are not obviously confer no distinction on the man who was 
controlled by frugality, confine their principal solid unable to exhibit it. The only mode by which wealth 
food to but a few articles, and their liquids to still fewer, can be exhibited is, by the apparent possession of some 
The next desire is variety of dress; a taste which has object of desire which is limited in supply. Mere limi- 
this peculiarity, that, though it is one of the first symp- tation of supply, indeed, unless there be some other cir- 
toms that a people is emerging from the brutishness of cumstance constituting the article in question an object 
the lowest savage life, it quickly reaches its highest of desire, or, in other words, giving it utility, is itisnfli- 
point, and, in the subsequent progress of refinement, in cient. This circumstance must be its having some 
one sex at least, diminishes until even the highest ranks quality to which some person beside the owner annexes 
assume an almost qtiaker-like simplicity. the notion of utility. The original manuscript of every 

Last comes the desire to build, lo ornament, and to schoolboy’s exercise is as limited in supply as any thing 
furnish: tastes which are absolutely insatiable where can be, but there is nothing to make it an object of 
they exist, and seem to increase with every improve- desire after it has served its purpose iu school. It is 
meat in civilization. The comforts and conveniences merely a blotted manuscript, unique certainly, but 
which we now expect in an ordinary lodging ore more valueless. But if the original manuscript of the Wealth 
than were enjoyed by people of opulence a century ago : of Nations could be discovered, it would excite an in- 
and even a century ago a respectable tradesman would terest throughout Europe. Curiosity would be eager to 
have been dissatisfied if his bed-room had been no trace the first workings of a mind whose influence will 
belter furnished than that of Henry VIII., which con- befell as long as civilized society endures. It might, 
tained, we are told, only a bed, a cupboard of plate, a perhaps, be purchased by some ignorant collector only 
joint-stool, a pair of andirons, and a small mirror.* for the purposes of ostentation, but it could not serve 

■ ■ -..—I , - . . . . i —. — even those purposes unless recommended by some cir- 

* Henry, History of Great Britain, book vi. cb. vii. cumstance beyond mere singularity. 
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Political It is impossible, however, to conceive anything more 
Economy, trifling or more capricious than the circumstances which 
v T”yr“"’* muy make a thing an object of desire, and therefore, in 
k\cah i. OMr ' extemletl use of that word, give to it utility when its 
supply is narrowly limited. 

The substance which at present is the greatest object 
of desire, and of which, therefore, a given quantity 
will exchange for the greatest quantity of all other 
things, is the diamond. A bracelet belonging to the 
King of Persia, the stones in which do not weigh two 
ounces, is saiil to Ik* worth a million sterling. Now, a 
million sterling would command the whole labour of 
about thirty thousand English families for a year. If 
that labour were employed in producing and repro¬ 
ducing commodities for the purposes of sale, it would 
probably give for ever a clear annual income equal to 
the labour of three thousand families, or twelve thou¬ 
sand individuals. It would place at the disposal of 
its owner all the commodities that could be produced 
by all the labour of all the inhabitants of a con¬ 
siderable town. And a few pieces of miueral, not 
weighing two ounces, capable of gratifying no sense 
hut the sight, and which any eye would be tired of 
looking at for a minute, is invested by our caprice 
with a value pquai to that of the commodities which 
would give comfortable support to thousands of human 
beings in an advanced state of civilization. Hard¬ 
ness and brightness must have been the qualities 
which first attracted notice to the diamond. They en¬ 
abled it to please the eye and adorn the person, and 
thus associated with it the notion of utility. But a 
diamond weighing an ounce is not found once in a cen¬ 
tury; there are not five such known to exist. The pos¬ 
session of an object of d'-sire so limited in supply soon 
became one of the most unequivocal proofs of wealth. 
And, as to appear rich is the ruling passion of the hulk 
of mankind, diamonds will probably continue the objects 
of eager competition while the obstacles that limit theii 
supply are undiminished. If a Sindbad should discover 
a valley of diamonds, or we should succeed in manufac¬ 
turing them from charcoal, they will probably be used 
only as ornaments for savages, playthings for children, and 
as affording tools and raw materials for some of the Arts ; 
and we may send cargoes of diamonds to the coast of 
Guinea to Ik* bartered for equal quantities of ivory or gum. 

Value. 

Value. Our definition of wealth, as comprehending all those 

things, and those things only which have value, requires 
us to explain at some length the signification which we 
attribute to the word value; especially as the meaning of 
that word has been the subject of long and eager con¬ 
troversy. We have already stated that we use the word 
value in its popular acceptation, as signifying that 
quality in any thing which fits it to be given and re¬ 
ceived in exchange; or, in other words, to be lent or 
sold, hired or purchased. 

So defined, value denotes a relation reciprocally exist¬ 
ing between two objects, and the precise relation which 
it denotes is the quantity of the one which can be ob¬ 
tained in exchange for a given quantity of the other, 
ft is impossible, therefore, to predicate value of any 
object, without referring, expressly or tacitly, to some 
other object or objects in which its value is to be esti¬ 
mated ; or, in other words, of which a certain quantity 
can be obtained in exchange for a certain quantity of the 
object in question. 


We have already observed that the substance which at Political 
present is most desired, or, in other words, possesses Economy, 
the highest, degree of value, is the diamoud. By tiiis we y^^"**"* 
meant to express that there is no substance of which a 8 lle ‘ 
given quantity will exchange for so large a quantity of 
every other commodity. When we wished to state the 
value of the King of Persia’s bracelet, we stated first 
the amount of gold, and afterwards of English labour, 
which it would command in exchange. If we hod at¬ 
tempted to give a perfect account of its value, we could 
have done so only by enumerating separately the 
quantity of every other article of weullh which could be 
obtained in exchange for it. Such an enumeration, if it 
could have been given, w< uld have been a most instruc¬ 
tive commercial lesson, for it would have shown not only 
the value of the dianjoml in all other commodities, but 
the reciprocal value of all oilier commodities ut one 
another. If wc had ascertained that a dir annul weigh¬ 
ing an ounee would exchange for one million five hundred 
thousand tons of Hepburn coal, or one hundred t'.nusnud 
tons of Essex wheat, or two thousand five hum!red tons of 
English foolscap paper, we might have inferred that tin* 
coal, wileat, and paper would mutually exchange in the 
same proportions in which they were exchangeable lor the 
diamond, anil that a given weight of paper would pur¬ 
chase six hundred times as much coal, ami tony tunes us 
much wileat. 

The causes which determine the reciprocal values of 
commodities, or, in other words, which detm mine that 
a given quantity of one shall exchange for given 
quantity of another, must he d.cided into two sets; those 
which occasion the one to he limited in supply and use¬ 
ful, (using that word to exnrcns the power <>*' occasion¬ 
ing pleasure and preventing pain,) and those which oc¬ 
casion those attributes to belong to the oth"*\ In ordi 
nary language, the force of the causes which give utility 
to a commodity is generally indicated by tlie word de¬ 
mand; and the weakness of the obstacles which limit 
the quantity of a commodity by the word -apply. 

Thus the common statement that commodities ex¬ 
change in proportion to the demand and supply ol each, 
means that they exchange in proportion to the force or 
weakness of the causes which give utility to them re¬ 
spectively, and to the weakness or force of the jlmtaUc 
by which they are respectively limited in supply. 

Unfortunately, however, the words demand and sup¬ 
ply have not been always so used. Demand is some¬ 
times used as synonymous with consumption, as when 
an increased production is said to generate an increased 
demand ; sometimes it is used to express not only the 
desire to obtain a commodity, but the power to give the 
holder of it something which will induce him to part with 
It. “ A demand,” says Mr. Mill, l*olitical Economy, p. 23, 

3d edition, “ means the will to purchase and the power 
of purchasing.” Mr. Malthus, Definitions in Political 
Economy , p. 244, states that “ demand for commodities 
has two distinct meanings: one in regard to its extent, 
or the quantity of commodities purchased ; the other in 
regard to its intensity, or the sacrifice which the de- 
manders are able and willing to make iu order to satisfy 
their wants." 

Neither of these expressions appears to be consistent 
with common usage. It must lie admitted that the 
word demand is used in hs ordinary sense when we 
say that a deficient wheat harvest increases the demand 
for oats and barley. But this proposition is not true if 
we use the word demand in any other sense than as 
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Political expressing the increased utility of oats and barley; or, in 
Economy, other words, the increased desire of the community to 
V*obtain them. The deficiency of wheat would not give to 
Value. the consumers of outs and barley any increased power of 
purchasing them, nor would the quantity purchased or 
consumed be increased. The mode of consumption 
would he altered; instead of being applied to the feeding 
of horses, or to the supply of stimulant liquids, a certain 
portion of them would be used as human food. And, 
as the desire to eat is more urgent than the desire to feed 
horses, or drink beer or spirits, ihe desire to obtai n oats and 
barley, or, in other words, the pleasure given, or the pain 
averted, by the possession of a given quantity of them, 
or, in other words, the uti’ity of a given quantity of 
them, would increase. A fact which, in ordinary lan¬ 
guage, would he expiessed by saving, that the demand 
for them was increased. 

But though the vagueness with which the word de¬ 
mand 1ms been used renders it an objectionable term, it 
W too useful and concise to be given up ; but we shall 
endeavour never to use it in any other signification than 
a, expressing the utility of a commodity; or, what is 
.he s -ne, for we have seen that all utility is relative, tile 
degree in vliich'its Possession is desired. 

cu.ni't complain of equal vagueness in the use of 
the wo/d ,apply. In ordinary language, as well as in 
the writings of Political Economists, it is used to signify 
the qnuut.lY of a commodity actually brought to market. 
Tin- complaint is, not that the word supply has been 
os' 1 in this sense, but that, when used in this sense, it 
h.i, been considered as a . an sc of value, except in a lew 
cu«c“, or for very short periods. YY'e have shown, in the 
examples "T coats and waistcoats, and gold ami silver, 
'li.it the leeipioeal value of any two commodities de¬ 
pends. not oil the quantity of each brought to market, 
imt on ihe comparative force of the obstacles which in 
• ■ ii t;iM oppose anv iiurcase in that quantity. When, 
•oi.ielbre, we represent increase or diminution of snp- 
j.,'’ .is itlteting value, we must be understood to mean 
net n nvre positive increase or diminution, but an in- 
eis ..r r nr diminution occasioned by a diminution or in- 
i is.a~e of tlu* obstacles by winch the supply is limited. 

To ic\ert to our original proposition, the reciprocal 
wooes ol any two commodities must he determined by 
two ■ Is of causes; those which determine the demand 
and supply of the otic, and those which determine the 
demand anil supply of the other. The causes which 
give utility to a commodity and limit it in supply may 
he called the intrinsic causes of its value; those which 
limit llic supply and occasion the utility of the commo¬ 
dities for which it is to be exchanged, may be called the 
extrinsic causes ot its value. Gold and silver are now 
exchanged for one another in Europe in the proportion 
of one ounce of gold for about sixteen ounces of silver. 
This proportion must arise partly from the causes which 
give utility to gold and limit its supply, and partly from 
those which '■rente the utility ami limit the supply of 
silver. Wnen talking of the value of gold we may con¬ 
sider the first set of causes ns influencing its general 
value, since they affect its powers of commanding every 
commodity in exchange. The second set of causes af¬ 
fect gold only so far as it is to be exchanged for silver, 
which may be called one of its specific values ; the ag¬ 
gregate of its specific values forming its general value. 
If while the causes which give utility to silver and limit 
it in supply were unaltered, those which affect gold 
should vary; if, for instance, fashion should require 


every well-dressed man to have all his buttons (l f pure Political 
gold, or the disturbances in.South America should per- ®*°noiny. 
manently stop all the gold works of Brazil and Odom- * 

bia, and thus (as would be the case) intercept live-sixths Value ‘ 
of our supplies of gold, the reciprocal values of .>old 
and silver would in time be materially varied. Thomd, 
silver would be unaltered both as to its utility anil aslo 
its limitation in supply, a given-quantity of it would ex¬ 
change for a less quantity of gold, in the propmtion 
perhaps of twenty to one, instead of sixteen to one. As 
between one another the rise and fall of gold and silver 
would precisely correspond, silver would fall and gold 
would rise one-fourth. But the fall of silver would not 
be general but specific; though fallen as estimated in 
gold, it would command precisely the same quantities as 
before of oil other commodities, 'flic rise oi gold would 
be general; a given quantity of it would command one- 
fourih more not only of silver, but of ail other commo¬ 
dities. The holder of a given quantity of silver would 
be just as rich as before for all purposes except the pur¬ 
chase ot gold; the holder of a given quantity of gold 
would be richer than before for all purposes. 

The circumstances by which each different class of 
commodities is invested with utility and limited in 
supply are subject to perpetual variation. Sometimes 
one of the causes alone varies. Sometimes they both 
vary in the same direction; sometimes in opposite direc¬ 
tions. In the last ease the opposite variations, wholly 
or partially, neutralize one another. 

The effects of an increased demand concurrent with 
increased obstacles to supply, and ot diminished de¬ 
mand concurrent with increased facility of supply, are 
well exemplified hy hemp, fts average price before the 
revolutionary war, exclusive of duty, did not exceed £30 
per ton. The increased demand occasioned by a mari¬ 
time war, mid the natural obstacles to a proportionate 
increase of supply, raised it, in the year 1790, to above 
£50 aton ; at about which price it continued during the 
next twelve years. But ill ISOS, the rupture between Eng¬ 
land and the Baltic powers, the principal source of our 
supplies, suddenly raised it to £1 IS a ton, being nearly 
four times the average price in peace. At the close of 
the war, both the extraordinary demand and the extra¬ 
ordinary obstacles to the supply ceased together, and 
the price fell to about its former average. 

YVe have already stated that the utility of a commo¬ 
dity, in our extended sense of the term utility, or, in 
other words, the demand for it as an object of purchase 
or hire, is principally dependent on the obstacles which 
limit its supply. But there are many eases in which, 
while the existing obstacles remain unaltered, the de¬ 
mand is affected by the slightest suspicion that their 
force may at a future period be increased or diminished. 

This occurs with respect to those commodities of which 
the supply is not susceptible of accurate regulation, but 
is afforded either in uncertain quantities and at stated 
periods, between which it cannot be increased or di¬ 
minished,—-in the case for instance of the annual products 
of the earth,—or is dependent on our relations with 
foreign Countries. If a harvest deficient by one-third 
should occur, that deficiency must last for a whole year, 
or be supplied from abroad at an extravagant cost. It 
we should go to war with Russia, the obstacles to the 
supply of hemp would be increased white the war lasted. 

Ill either case the holders of corn or hemp would obtain 
great profits. I 11 all rich Countries, and particularly in 
our own, there is a great number of persons who have 
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Political large masses of wealth capable of being suddenly ap- 
Economy^ pj iei j to t j, e p Urc h ase 0 f an y given objects. The instant 
Value. such persons suspect that the obstacles to the supply of 
any article are likely to be increased, they are anxious to 
become holders of it. They enter the market as new 
dcmamlers; the price rises, and the mere fact that it 
has risen is a cause of its rising further. The details of 
commerce are so numerous, the difficulty of obtaining 
early and accurate information is so great, and the facts 
themselves are so constantly changing, that the most 
cautious merchants arc often forced to act upon very 
doubtful premises; and the imprudent, dazzled by the 
chance of an enormous gain, which will be their own, 
and little restrained by the fear of a loss which may prin¬ 
cipally fall upon their creditors, are often ready to act 
upon scarcely any premises at all. They see that the 
price of some article has risen, and they suppose that 
there must be some good cause for it. They see that if 
they had purchased a month ago, they would have been 
gainers now, and conclude that if they purchase now 
they will be gainers a month hence. So far is this 
reasoning, if it can be called reasoning, carried, that a 
rise in the price of any one important commodity is 
generally found to occasion a rise in the price, of many 
others. “ A’’ (thinks a speculator) “ bought hemp before 
the price had risen and has resold it at a profit. Cotton 
has not yet risen, nor do I see clearly why it should 
vise, any more than I see why hemp should have risen, 
but it probably will rise like hemp, therefore I will 
purchase.” 

Those who arc not practically conversant with com¬ 
mercial transactions, and who are probably accustomed 
to consider our merchants and capitalists as men of 
sober mind-, and cautious conduct, may perhaps think 
that we exaggerate the influence of imagination over 
judgment when we suppose that large fortunes are often 
risked on such reasoning as this. We cannot support 
our view better than by the authority of Mr. Tooke, a 
merchant of great talent and knowledge, and, at the 
period when he wrote, forced, for his own safety, to 
watch narrowly the phenomena which he described. 
The passages which we subjoin are taken from bis ac¬ 
count of the circumstances which occasioned the extra- 
01 dinary rise of prices in the beginning of 1825. “ The 

close of each year* is the period at which, by annual 
custom, the stocks of goods on hand, and the prospects 
of supply and consumption for the coming season, arc 
stated and reasoned upon by merchants and brokers in 
circular letters addressed to their correspondents and 
employers. JJy these circulars it appeared (at the dose 
of 1524) that, of some important articles, the stock on 
hand fell short of that at the close of the preceding 
year. From this the conclusion was more or less 
plausibly deduced, that the rate of the annual consump¬ 
tion of those article-, was outrunning the rate of the 
annual supply, and that an advance in price ought to 
take place; and at the same time, there were, as in the 
case of cotton and silk, confident reports of the failure of 
crops or other causes which would inevitably diminish 
the forthcoming supply. Expectation of scarcity was 
thus combined with actual deficiency in exciting the 
spirit of speculation. This was directed in the first 
instance to the articles which, upon fair mercantile 
grounds, justified and called for some advance in price, 
inasmuch as the rate of the consumption of them lmd 


* CeneiJeraiimt on Me Stale of the Currency, p. 43. 


outrun the average rate of supply. The rise, however. Political 
which would have been requisite to increase the supply, Economy. 
or to diminish the consumption, would, in most of the 
cases in question, have been trifling. 

“ But when speculation is once on foot, the rise of 
any one article may not only be in a ratio far greater 
than the occasion really calls for, but may cause in¬ 
directly a rise in other commodities. 

“ The impulse, therefore, to a rise being given, and 
every succeeding purchaser having realized, or appear¬ 
ing to have the power of realizing, a profit, u fresh in¬ 
ducement appeared in every step of the advance to bring 
forward new buyers. These were no longer such only 
as were conversant with the market: many persons 
were induced to go out of their own line, and to embark 
their funds, or stretch their credit, with a view to engage 
in what was represented to them by the brokers a cer¬ 
tain meaus of realizing a great and immediate gain. 

“ Cotton exhibited the most extraordinary instance of 
speculation carried beyond all reasonable bounds. Silk, 
wool, and some oilier articles iu which some advance 
was justified by the relative state of the supply and de¬ 
mand, became the subjects of a speculative anticipation, 
and advanced much beyond the occasion, as the event 
proved, though not in so great a degree ns cotton. 

“ Never did the public, that part of it ut least which 
entered into the vortex of the operations in question, 
exhibit so great a degree of infatuation, so complete an 
abandonment of all the most ordinary rules of mercan¬ 
tile reasoning since the celebrated bubble year 1720, as 
it did in the latter part of 1524, and in the first three or 
four months of 1S25. 

“ The speculative anticipation of an advance was no 
longer confined to articles which presented u plausible 
ground for some rise however small. It extended itself 
to articles which were not only not deficient iu quantity 
but which vi ere actually in excess. Thus cullec, of which 
the stock was increased compared with tiic average of 
former years, advanced from 70 to 80 per cent. Spices 
rose iu some instances from 100 to 200 per cent, with¬ 
out any reason whatever, and with a total igno¬ 
rance on the part of (he operators of every thing con¬ 
nected with the relation of the supply to the consump¬ 
tion. 

“ In short, there was hardly an article of merchandise 
which did not participate in the rise. For it became 
the business of the speculators or the brokers, who were 
interested in raising and keeping up prices, to look mi¬ 
nutely through the general Price Currents with a view 
to discover any article which had not advanced, iu order 
to make it the subject of anticipated demand. 

“ If a person nut under the influence of the prevailing 
delusion ventured to inquire for wiiat reason any parti¬ 
cular article had risen, the common answer was, ‘ Every 
thing else has risen, and therefore this ought to rise.’ ’’ 

When we consider that the supply of large classes of 
commodities is dependent on our amicable or hostile re¬ 
lations with foreign Slates, and on the commercial ami 
financial legislation both of those States and of our own 
Country, uncf that the supply of still lurger classes is de¬ 
pendent not only on those contingencies, but ou the ac¬ 
cidents of the seasons,—and when we consider how the 
demand is affected not merely by the existing, or the 
anticipated obstacles to the supply, but often by a spirit 
of speculation us blind as that of a gambler ignorant of 
the odds and even of the principles of his game,—it is 
obvious that the general value of all commodities, tho 
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Value 


quantity of each which will exchange for a given 
quantity of every other, can never remain the same for a 
single day. Every day there will be a variation in the 
demand or the supply of one or more of the innume¬ 
rable classes of commodities which are the objects of ex¬ 
change in a commercial Country. A given quantity of 
the commodity which has varied will consequently ex¬ 
change for a greater or a less quantity of all other com¬ 
modities. All other commodities, therefore, will huve 
varied in value as estimated in the first-mentioned com¬ 
modity. It i3 os impossible for one commodity to remain 
perfectly unaltered in value while any other is altered, as 
it would be for a light-house to keep at the same dis¬ 
tance from all the ships in a harbour while any one of 
them should approach it or recede. . 

But it may be asked, what do we mean when we say 
that a commodity has, for a given period, remained 
steady in value? 

The question must lie answered by referring to the 
different effects produced on the value of a commodity 
liy an alteration in the intrinsic, or an alteration in the 
extrinsic, causes oil which value depends. If the causes 
which give utility to a commodity and limit its supply, 
and which we have called the intrinsic causes of its value, 
are altered, the rise or fall in its value will be general. A 
given quantity of it will exchange for a greater or a less 
quantity than before of every other commodity which 
has not also varied at the same time, in the same direc¬ 
tion, and in the same degree; a coincidence which 
rarely occurs. Every other commodity must also rise or 
fail in value as estimated in the first-mentioned commo¬ 
dity, but not generally. 

The fluctuations in value to which a commodity is 
subject by alterations, in what we have called the ex¬ 
trinsic causes of its value, or, in other words, by altera¬ 
tions in the demand or supply of other commodities, 
have a tendency, like all other extensive combinations of 
chances, to neutralize one another. While it retains the 
same utility, and is limited in supply by the same 
causes, a given quantity of it, though it may exchange 
for a greater or a less quantity of different specific com¬ 
modities, will in general command the same average 
quantity as before of the general mass of commodities ; 
what it gains or loses in one direction being made up in 
another. It may be said, without impropriety, therelbrc 
to remain steady in value. But the rise or fall ill value 
which u commodity experiences in consequence of an 
alteration in its utility, or in the obstacles to its supply, 
is, in fact, entirely uncompensated. It is compensated 
only with regard to those commodities of which the 
utility or the supply has also varied at the same time 
and in the smne direction. And as quite as many are 
likely to experience a similar variation, but in an op¬ 
posite direction, there is really no compensation. x\ 
commodity, therefore, which is strikingly subject to such 
variations, is properly said to be unsteady in value. 

But we may lie asked to account for another and not 
unfiequent statement, that at particular periods all com¬ 
modities have been observed to rise or fqjl in value. 
Literully taken, this statement involves a contradiction in 
terms, since it is impossible that a given quantity of 
every commodity should exchange for a greater or a less 
quantity of every other. When those who make this 
statement have any meaning, they always tacitly exclude 
some one commodity, and estimate in that the rise or fall 
of all others. The excluded commodity is, in general, 
money or labour. 

VOL. Vt. 


Estimated in labour, all commodities, money included, Political 
have fallen in value in England since the XV1 ih Century. Economy. 
It is scarcely jiossihlc to mention one of which a »i\cn 
quantity will not purchase less labour than it did at the VaIuo - 
close of Elizabeth's reign ; estimated in money, almost 
all commodities, labour included, have fallen in Eng¬ 
land since the termination of the late war. 

The last remark which wc shall now make on value is, 
that, with a very few exceptions, it is strictly local. A toil 
of coal at the bottom of the pit near Newcastle is perhaps 
worth 2s. 6'/., at the pit’s mouth it is pet hups worth 5*., 
at ten miles oil'7s., at Hull 10s. By the time the collier 
has reached the Pool, its cargo is seldom worth less than 
16*. a ton ; and the inhabitant of (rrosienor Square may 
perhaps think himself fortunate if he ran fill his coal 
cellars at 25s. a ton.* A ton of coal, though physically 
identical, must be considered, for economical purposes, 
as a different commodity at the bottom of the pit and 
at its mouth, in Hull and in Grosvenor Square. At 
every different stage of its progress it is limited in 
supply by different obstacles, and consequently ex¬ 
changeable for different things and in different propor¬ 
tions. Supposing that at Newcastle a ton of the best 
wheat is now worth about twenty tons of the best coal: 
the same wheat and coal at the w'est eiul of London 
may probably exchange in the proportions of about four 
tons of coal for one of whe it. At Odessa, they may 
perhaps exchange about weight for weight. 

Whenever, therefore, we speak of the value of a com¬ 
modity. it is necessary to state the locality both of the 
commodity in question, and of the commodity in which 
its value is estimated. And in most cases we shall find 
their respective proximity to the places where they are 
respectively to he made use of one of the principal con¬ 
stituents of their respective values. The purchaser of 
the distant commodity has to consider the labour of 
transporting it to the place of consumption, the time for 
which that labour must be paid in advance, and the 
taxation, and the risk of injury or loss to which it may 
be subject in its transit. Nor is this all. He must also 
consider the danger that its quality may not correspond 
with the description or sample which guided him in 
making the purchase. The whole expense and risk 
attending the transport of a diamond from Edinburgh 
to Loudon arc but trifhug; but its value is so depend¬ 
ent on its form and lustre, and those are qualities as to 
which it is so dilficult to satisfy any purchaser who 
cannot ascertain them by inspection, that it would be 
difficult to obtain in London a fair price for a diamond 
in Edinburgh. Again, (hough a given quantity of coal 
from a given mine is generally of an ascertained quality', 
yet the expense, loss of time, risk, and taxation, which 
must be incurred in its transport from Newcastle to 
(irosvenor Square, are such that a ton of co.il, when it 
lias reached (irosvenor Square, may be of nearly five 
times the value which it bore at Newcastle. 


Objections to Definition of Wealth considered. 

The definition of wealth, as comprehending all those OljMkni 
things, and those things only, which have value, or, in 
other words, which may be purchased or hired, does ^ al J' h 
not, we believe, precisely agree with that adopted by any r0 usi(lcre(l. 
Economist except Archbishop Whately. 


• These prices are merely assumed for the purpose of illus¬ 
tration. 
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Pulitic.il The principal differences arc these: some writcis 
jicui tnny., cou fi ne t | lc (l . nn wealth to what have been termed 
Ol'ii'cti .ns "> a terial products; some to those things which have 
in difini- been piodueeil or ac<|«ired by htunan labour; and some 
liun ut object to tlie ideas of value or exchange being introduced 
wealth into the definition of wealth. 

cuusulorcil. The question whether the things whieh have been 
called immaterial ought to be considered articles of 
wealth, we shall consider when we treat of production. 

Some of the wiiters who, expressly or impliedly, 
restrict the term wealth to the things, the produc¬ 
tion or appropriation of which has cost human labour, 
as tor instance Mr. Mill, Mr. M'Culloch, Colonel 
Torrens, Mr. Malthus, and M. Flores-Estrada, appear 
to suppose that a definition so restricted will com¬ 
prise every thing that can properly be termed wealth; 
others, among whom is Mr. Ricardo, admit that there 
are some things falling within that term which have not 
been acquired by human exertion, but think them so few 
or unimportant that it is better lo omit them than to 
disorder the symmetry of the Science by extending it to 
any thing that is not the result of laliour. 

The former doctrine is clearly slated in the following 
passages from Mr. .Malthus, Colonel Torrens, and Mr. 
M'Culloch. 

“ Wealth. The material things necessary, useful, or 
agreeable to man, which have required some portion of 
human exertion to appropriate or produce."* 

“ Wealth, considered as the object of economical 
Science, consists of those material articles which arc 
useful or desirable to man, and which it requires some 
portion of voluntary exertion to procure or lo preserve. 
Thus two tilings arc essential lo wealth : the possession 
of utility, ami the requiring some portion of voluntary 
exertion or labour. That which has no utility, which 
serves neither to supply our wants, nor to gratify our 
desires, is as the dust beneath our teet, or as the sand 
upon the shore, and obviously forms no portion of our 
wealth ; while, on the other hand, things which possess 
the highest utility, and which are even accessary to our 
existence, come not under the denomination of wealth, 
unless to the possession of utility be superaddi-d the 
circumstance of having been procured by some voluntary 
exertion. Though the air which we breathe and the 
sunbeams by which we are warmed are in the highest 
degree useful and necessary, it would he a depat ture from 
the precision of language to denominate them articles of 
wealth. Hut the bread which appeases the cravings of 
hunger, and the clothing which protects us from the 
rigour of the season, though not more indispensably 
requisite than the fornter, are with propriety classed 
under the term wealth; because to the possession of 
utility they add the circumstance of having been pro¬ 
duced by labour.”t 

“ Labour is the only source of wealth. Nature spon¬ 
taneously furnishes the matter of which all commodities 
are made; but until labour lias been expended iu appro¬ 
priating matter, or in adapting it to our use, it is wholly 
destitute of value, and is not, nor ever has been, con¬ 
sidered us forming wealth. Place us on the banks of a 
river, or in ail orchard, and we shall inevitably perish of 
thirst or hunger, if we do riot, by an efforl of industry, 
raise the water to our lips, or pluck the fruit from its 
parent tree. 
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“ An object which it does not require any portion of Pahtieal 
labour to appropriate or to adupl to our own use may be of . co ° omy ! 
the very highest utility, but, as it isthefiee gift of nature, objections 
it is utterly impossible it can possess the smallest value.”* t0 uufim- 

Mr. M'Culloch appears to use the word labour astionof 
including all voluntary action. And without doubt, if wealth 
we use the word labour in so extended a sense, it is tuusult;rl;J - 
true that iubour is almost, necessarily incidental to the 
enjoyment of wealth. If it be an act of industry to 
gather an apple, it is equally an act of industry to raise 
it from one's plate; aud every guest at a festival cams 
his food by tlie labour which he exerts in appropriating 
his own portion. Such attempts as these to bend facts 
and language into accordance with hasty generalization 
have jtlirown on Political Economy a degree of ridicule 
which is one of tlie principal obstacles to its progress. 

Mr. Malthus, Colonel Torrens, and the other Econo¬ 
mists who consider labour, using that word m its 
popular sense, as a necessary constituent of wealth, 
appear lo have been led to that opinion by observing, 
first, that some quality besides mere utility is necessary 
tu value; secondly, that all those tilings which are 
useful, and are acquired by labour, arc valuable; and 
thirdly, that almost everything which*is valuable has 
required some labour for its acquisition. Hut the fact 
that Unit circumstance is not essential to value will be 
demonstrated if we can suppose a ci.se in which value 
could exist without it. If while carelessly lounging 
along the sea-shore, I were to pick up a pearl, would 
it have no value ? Mr. M'Culloch would answer that 
the value of the pearl was the result of my uppropriativc 
industry in stooping to pick it up. Suppose then that 
I met with it while eating an oyster? Supposing 
that aerolithes consisted of gold, would they have no 
value? Or, suppose that meteoric iron were the only 
form in which that metal were produced, would not the 
iron supplied from heaven be far more valuable than 
any existing metal? It is true that, wherever there is 
utility, the addition of labour as necessary to production 
constitutes value, because, the supply of labour being 
limited, it follows that the object, lo the supply of which 
it is accessary, is by that very necessity limited in supply. 

Hut any other cause limiting supply is just as efficient a 
cause of value iu an article as the necessity of Iubour 
to its productiou. And, in fact, if all the commodities 
used by man were supplied by nature without any 
intervention whatever of human labour, but were sup¬ 
plied in precisely the same quantities as they now are, 
there is no reason to suppose either that they would 
cease to lie valuable, or would exchange in any other 
than their present proportions. 

The reply to Mr. Ricardo is, first, that the articles of 
wealth which do not owe the principal part of their 
value to the labour which has been bestowed on their 
respective actual production, form, in fact, the bulk of 
wealth instead of a small and unimportant portion of it; 
and secondly, that, as limitation of supply is essential to 
the value of labour itself, to assume labour, and exclude 
limitation qf supply, as the condition on which value 
depends, is not only to substitute a partial for a general 
cause, but pointedly to exclude the very cause which 
gives force to the cause assigned. 

We have lastly to consider the objections which have 
been raised to the definition of wealth as a general name 
for the things which have value. Those who use the 


* Malthas, Definitions, p. 234. 
f Tuirens, Production of tf’eotth, ch. i. 


* Principles of Political Economy, 66—72. 
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Political word value aa synonymous with coal, or as couipre- 
Economy. hending 1 whatever is useful, of course object to its intro- 
ductiou into the definition of wealth ; and so should we 
to Aefini- 8 *1° 'f wc uscf i the word value in cither of those senses, 
tion of But other writers, using the word value in its popular 
wealth sense, have objected that, according to the definition 
considered, which we have adopted, the same thing will be wealth 
to one person and not to another. This consequence 
is evident; ami it is-evident that even to the .same person 
the same quality may be wealth under some circum¬ 
stances, and not so under others. The knowledge of 
English law is profitable in England, that of French law 
in France; if an English lawyer, with no other property 
than his knowledge, were to settle in France, or a French 
lawyer in England, he would find himself instantly re¬ 
duced from affluence to poverty. • The power of telling 
long stories is a source of profit ill Asia, but valueless 
in Europe. According to our nomenclature, therefore, 
it would he wealth in Persia, and cease to he so in 
England. [f an actress should embrace a religions 
sect of which the tenets should lie incompatible with 
the stage, her vocal and dramatic talents would no 
lunger be exchangeable, she would no longev he able to 
let them out by the evening. Wc should say, therefore, 
that they had ceased to be a pait of her wealth But 
we aic at a loss to conceive luiw the power of mahing 
this distinction is an objection to the language in ques¬ 
tion. It seems to be its principal convenience. 

Again, Colonel Torrens supposes a solitary family, or 
a nation in which each person should consume only his 
own productions, or one in which there should be a 
community of goods, and urges, as a redurlin ad absur- 
dutn, that in these cases, though there might he an 
abundance of commodities, as there, would be no ex¬ 
changes, there would, in our sense of the term, he no 
wealth. The answer is, that, for the purposes of Political 
Economy, there would be no wealth ; for, in fact, in 
such a state of things, supposing it possible, the Science 
of Political Economy would have no application. In 
such a state of society, Agriculture, Mechanics, or any 
other of the Arts which are subservient to the production 
of the commodities which are, with ns, the subjects of 
exchange, might be studied, but the Science of Political 
Economy would not exist. Wc may add, that it the 
common usage which identifies wealth with the things 
which have vulue is a convenient one in all the forms 
which human nature really exhibits, it is no objection 
to it that it would not be convenient in a state of society 
of which wc have no experience. 

Statement of the four Elementary Propositions of the 
Science. 

Statement We have already stated that the general facts on 
of the pie- which the Science of Political Economy rests are com- 
oromsit!on» P rlsecl ' ,1 a * tW general propositions, the result of oh- 
,,f the l ° servation or consciousness. The propositions to which 
Science. wc then alluded are these : 

1. That every man desires to obtain additional wealth 

with as little sacrifice, as possible. • 

2. That the population of the world, or, in 0 lh>r 
words, the ‘number of persons inhabiting it, is limited 
only by moral or physical evil, or by fear of a defi¬ 
ciency of those, articles of wealth which the habits 0 / the 
individuals of each class of its inhabitants lead them 
to require. 

8. That the powers of labour, and of Ike other iitdni- 
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meats which produce wealth, may be. indefinitely in- PolHiei! 
creased by using their products as the means of further ® cw »o®y- 
production. J x-wv*"*-'' 

4. Thai, agricultural skill remaining the same, ad- s , lRteroent 
dilianal labour employed on (he land within n given 
district produces in general a less proportionate return, impositions 
or, in other words, that though, with every increase o/'"f tu 
the labour bestowed, the aggregate return inn eased, >ic ' Kncet 

the increase of the return is not in proportion to the 
increase of the labour. 

The firsi of these propositions is a matter of conscious¬ 
ness, the three others are matter of observation. ,\s 
the first anil second involve little use of the peculiar 
abstractions of Political Economy, except those implied 
in the term wealth, and may therefore be explained 
with little recourse to its peculiar nomenclature, wc shall 
consider them immediately; leaving the third and tourtli 
for discussion in a subsequent part of this Treatise. They 
are however so nearly self-evident, that we will venture 
in the mean time to assume their truth. No one who 
reflects on the difference between the unassisted force of 
man, and the more than gigantic powers of capital and 
machinery, can doubt the lornier proposition; and, to 
convince ourselves of the other, it is necessary only to 
recollect that, if it were false, no land except the very 
best could ever be cultivated : since, if the return from 
a single farm were to increase in full ptoportion to any 
amount of increased labour bestowed on it, the produce 
of that one farm might feed the whole population of 
England. 

General Desire for Wealth. 

In stating that every mail desires to obtain additional Giiieralih 
wealth with as little sacrifice as possible, wc must not be S,R ‘ t,,r 
supposed to mean, that every body, or indeed anybody, 
wishes for an indefinite quantity of everything; still 
less us stating that wealth, though the univcr-al, either 
is. or ought to he, the principal object of human desire. 

What we mean to state is, that no person feels his whole 
wants to be adequately supplied ; that every person 
has some unsatisfied desires which lie believes that 
additional wealth would gratify. The nature and the 
urgency of cacti imiividual’s wants are as various as the 
differences in individual character. Some may wish 
for power, others for distinction, and others tor leisure; 
some require bodily, and others mental amusement; 
some are anxious to produce important advantage to 
the public; and there are few, perhaps there are none, 
who, if it could be done by a wish, would not benefit 
their acquaintances and friends. Money seems to lie the 
only objt cl for which the desire is universal; and it is so, 
because money is abstract wealth. Its possessor nmy 
satisfy at will his ambition, or vanity, or indolence, his 
public spirit or his private benevolence ; may multiply the 
means of obtaining bodily pleasure, or of avoiding bodily 
evil, or the still more expensive amusements of the mind. 

Any one of these pursuits would exhaust the largest 
fortune within the limits of individual acquisition ; and, as 
all men would engage in some of them, and many in all. 
the desire for wealth must be insatiable, though the 
modes in which different individuals would employ it 
are infinitely diversified. 

All equal diversity exists in the amount and the J.iml 
of the sacrifices which different individuals or even the 
same individual, will encounter in the pursuit of wealth, 

L’ > 
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Political And not only is the same sacrifice more severe to one 
Economy than to another, as some will not give up case or leisure 
General de- f° r others good air and a country life, and others 

tire for recreation and society, but the absolute desire for wealth 
wealth. on the one hand, and the absolute will to encounter toils 
or privations in its pursuit on the other, arc stronger in 
some men than in others. These differences form some 
of the principal distinctions in individual and national 
character. Experience, however, shows, and indeed it 
might have been predicted u priori, that the greatest 
and longest continued sacrifices will be made in those 
Countries in which property is most secure, and the road 
to social eminence is the most open. The inhabitants 
of Holland and of Great. Britain, and of the Countries 
that have derived their institutions from Great Britain, 
the nations which up to the present time have best 
enjoyed those advantages, have up to the present time 
been the most ardent and the most successful in the 
pursuit of opulence. But even the Indians of Mexico, 
though their indolence makes them submit to poverty 
under which an Englishman would feel life a burthen, 
would willingly be rich if it cost them no trouble. 

It may be necessary, however, to explain our 
motives for dwelling on so much that is self-evident. 
Our first reason is, that the proposition in question, 
though we are not aware that any one has thought that 
it required to he formally stated, is assumed in almost 
every process of economical reasoning. It is the corner¬ 
stone of the doctrine of wages and profits, and, generally 
speaking, of exchange. In short, it is in Political Eco¬ 
nomy what gravitation is in Physics, or the dictum de 
omni rt nullo in Logic: the ultimate fact beyond which 
reasoning cannot go, and of which almost every other 
proposition is merely an illustration. In an attempt to 
state the evidence on which the Science rests, it appeared 
to us improper to omit its foundation, though at the 
hazard of appearing to take up our reader’s time in 
defending what it may he supposed that nobody ever 
thought of questioning. 

But, in the second place, this proposition, apparently 
self-evident, has been impliedly questioned. It is directly 
opposed to a doctrine of considerable popularity, and 
supported by great names,—wc mean the doctrine of 
over-production or universal glut. 

By the word glut is meant the production of a given 
commodity in an abundance, either absolutely beyond 
the desires of its intended consumers, or beyond the 
amount for which they are able and willing to offer in 
exchange equivalents sufficient to induce the producer 
to continue his operations. Books are, perhaps, the 
commodities most subject to gluts. The proportionate 
expenses of printing and advertising increase so rapidly, 
if the number of copies printed he much reduced, and 
authors are so little subject to underrate the probable 
demand for their labours, that scarcely any edition con¬ 
sists of less than two hundred and fifty copies, and very 
few of less than five hundred. But we have seen calcula¬ 
tions showing that not in one case out of two hundred are 
all the copies sold offal the price at which they originally 
came out. In ordinary cases, from fifty to one hundred 
are sold in the first jear, and thirty or forty in the 
second; by the end of which time the book has been 
forgotten, and the unsold copies are put up to sale at 
periodical auctions among the booksellers. The best 
that can happen to them is to be purchased on this 
occasion in order to be again offered to the public ; hut 


the majority of Works are found to he worth purchase 
not as hooks, but ns paper. They arc unsold at the 
trade sales, and find their way Gem-ml de- 

ln virum ventlrntrm thus el odurrs sire for 

lit piper, el quuljuitl chartis amicitur ineptis. wealth. 

We have selected books as affording an illustration of a 
glut arising from a miscalculation not of the ability, but of 
the willingness of purchasers. The opening ofa new trade 
is generally followed by gluts occasioned by miscalcula¬ 
tions of both. Every one must recollect, when Brazil and 
Spanish America first became accessible, our exports of 
skaits, and fire-irons, and warming pans to the tropics. 

And, until their real poverty was known, wc continued to 
fill their warehouses with cargoes, adapted indeed to their 
waut*f, hut far beyond their means. Miscalculations of this 
kind must obviondy’be of frequent occurrence; and 
perhaps what ought to excite our surprise is, not the 
extent to which they prevail, but the degree in which 
they arc avoided. But it appears clear that they can 
arise only from one or the other of two causes : either 
from the articles of wealth, with respect to which the 
glut exists, having been prepared for persons who do not 
want them, or from those persons note being provided 
with other articles of wealth, suited to the desires of the 
producers of the first-mentioned articles of wealth, to 
offer in exchange for them. Partial gluts, occasioned 
by the one or the other of these causes, are among the 
most ordinary commercial occurrences. But the opinion 
to which our doctrine is opposed is that which admits 
the possibility not only of partial but of universal gluts, 
which supposes it possible that there may he at the 
same time a glut of services and commodities in general, 

—that we may have too much of every thing; a doctrine 
not only of frequent occurrence in conversations on 
commercial subjects, but even maintained by some dis¬ 
tinguished writers. Now as by the assumed hypothesis 
of a universal glut all the articles of wealth exist not 
only in abundance, but in superabundance, an absolute 
deficiency of equivalents cannot lie one of its causes. 

And it can scarcely be supposed that there can be such 
a general state of commercial cross-purposes as to pre¬ 
vent, in the majority of cases, the proper sellers and 
purchasers from meeting. It can scarcely be supposed 
that when A has what B wants, and B what A wants, 

A nnd B should, in the majority of instances, instead of 
finding out and exchanging with one another, offer their 
respective commodities to Y and Z, who, having also each 
reciprocal wants and supplies, neither wish to purchase 
from A or B, nor have discovered the means of exchang¬ 
ing with one another. But if it be absurd to suppose 
that a general glut could be occasioned by such an 
universal spirit of blundering as this, the only remaining 
hypothesis on which the existence of a general glut can 
be supposed is that of a general satiety, that all men may 
he so fully provided with the precise articles which they 
desire as to afford no market for each other’s superflui¬ 
ties. And this doctrine is opposed to the proposition 
with which we set out, that every man desires to obtain 
additional wealth. 

Population. 

Having explained the sense in which we use the word Population, 
wealth, and stated, or rather recalled to the recollection 
of our readers, the general desire to obtain additional 
wealth with the least possible sacrifice, we now proceed 
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Political to consider the second of the four element ary propositions 
Economy. on w hi c h the Science of Political Economy is founded ; 

namely, that the population of the world, or, in other 
opulutioD. won j Si tt, c number of persons inhabiting it, is limited 
only by moral or physical evil, or by fear of the defi¬ 
ciency of those articles of wealth which the habits of the 
individuals of each class of its inhabitants lead them to 
require. 

It is now generally admitted, indeed it is strange 
that it should ever have required to be pointed out, that 
every species of plant or animal which is capable of in¬ 
crease, either by generation or by seed, must be capable 
. of a constantly increasing increase; every addition to its 
numbers being capable of affording a source of still 
further additions; or, in other words, that wherever- there 
is a capacity of increase, it must? be a capacity of in¬ 
crease not by mere addition but by multiplication; or, 
to use tlu- short form in which the proposition is usually 
stated, not in an arithmetical, but in a geometrical ratio. 
The rate at which any species of plant or animal is ca¬ 
pable of increasing must depend on the average power 
of reproduction and the average period of existence of 
the iudividuals/jf which it is constituted. Wheat, we 
know, is an annual, and its average | ower of reproduc¬ 
tion, perhaps, about six for one; oil that supposition, the 
produce of a single acre might cover the globe in fourteen 
years. The rate at which the human race is capable of 
increasing has heeu determined by observation, it has 
been ascertained that, for considerable periods and in 
extensive districts, under temperate climates, it has 
doubled every twenty-five 5 ears. 

The power of reproduction in the human race must, 
under similar climates, be always the same. W'e say, 
under similar climates, because the acceleration of 
puberty, which has been sometimes observed in tropical 
climates, unless checked, as is probably the case by an 
earlier cessation of child-bearing, would occasion in¬ 
creased fecundity. Now, the United States of America, 
the districts in which the rate of increase which we have 
mentioned has been most clearly ascertained, are not 
remarkable for the longevity of their inhabitants. We 
may infer, therefore, that such is the average power of 
reproduction and average duration of life in the in¬ 
dividuals constituting Iho human species, that their 
number may double every twenty-five years. At this 
rate the inhabitants of every Country would, in the 
course of every five centuries, increase to above a mil¬ 
lion times their previous number. At this rate the po¬ 
pulation of England would, in five hundred years, ex¬ 
ceed fifteen million millions: a population which would 
not allow them standing room. Such being the human 
powers of increase, the question is, by wliat checks is 
their expansion controlled? How comes it that the po¬ 
pulation of the world, instead of being now n million 
times as great as it was live hundred years ago, ap¬ 
parently has not doubled within that time, and certainly 
has not quadrupled? 

Mr. Malthus has divided the checks to population 
into the preventive and the positive. The first are 
those which limit fecundity, the second those which de¬ 
crease longevity. The first diminish the number of 
births, the second increase that of deaths. And as fe¬ 
cundity and longevity are the only elements of the calcu¬ 
lation, it is clear that Mr. Malthus’s division is exhaust¬ 
ive. The positive check to population is physical evil. 
The^preventive checks are promiscuous intercourse and 
abstinence from marriage. The first is moral evil; the 


second is, with a very few exceptions, so few indeed that Political 
they do not affect the result, founded on -an appre- Kcouom f- 
bended deficiency of some of the things to which wa 
have given the general appellation of wealth. AH the Po l mla * iw, ‘ 
preventive and positive checks may therefore he dis¬ 
tributed under prudence, moral evil, and physical evil. 

We will first consider the positive check. 

We have seen that this check includes ull the causes 
which tend, in any way, prematurely to shorten the du¬ 
ration of human existence : such as unwholesome occu¬ 
pations, severe labour, or exposure to the seasons, bailor 
insufficient food or clothing, bad nursing of children, ex¬ 
cesses of all kinds, the corruption of the air from natural 
causes, or from large towns, wars, infanticide, plague, 
and (amine. Of these, some arise from the laws of 
nature, and others from the crimes and follies of man: 
all are directly and immediately fr.lt in the form of 
physical evil, though many of them are the result, more 
or less remotely, of moral evil. 

The final and irresistible mode in which physical evil 
operates is the want of the necessaries of existence: 
death produced by hardship or starvation. This is 
almost the only check to the increase of the irrational 
animals, and as mail descends towards their condition 
he (alls more and more under its influence. In the 
lowest savage state it is the principal uml obvious 
check; in a high state of civilization it is almost imper¬ 
ceptible ; but is unperceived only in consequence of the 
operation of its substitutes. 

We have already stated that, as a general rule, addi¬ 
tional labour employed in the cultivation of the land 
within a given district produces a less proportionate re¬ 
turn. And it has appeared that such is the power of 
reproduction and duration of life in mankind, that (he 
population of a given district is capable of doubling 
itself at least eveiy twenty-five years. It is clear, there¬ 
fore, that the rate at which the production of food is 
capable of licing increased, and that at which population, 
if unchecked, would increase, are totally different. Every 
addition made to the quantity of food periodically pro¬ 
duced makes in general a further periodical addition 
more difficult. Every addition to the existing popula¬ 
tion diffuses wider the means of still further addition. 

If neither evil, nor die fear of evil, cheeked the popula¬ 
tion of England, it would amount in a century to above 
two hundred millions. Suppose it possible that we might 
be able to raise or to import the subsistence of two hun¬ 
dred millions of people: is it possible that one hundred and 
twenty-five years hence wc should be able to support four 
hundred millions? or, in one hundred and fifty years, 
eight hundred millions? It is clear, however, that long 
before the first century had elapsed, long before the period 
at which, if unchecked, we should have attained two hun¬ 
dred millions, no excellence in our institutions, or salu¬ 
brity of climate, or unremitting industry, could have saved 
us from being arrested in our progress by a constantly in¬ 
creasing want of subsistence. If all other moral and phy¬ 
sical checks could be got rid of, if we had neither wars 
nor libertinism, if our habitations, and employments and 
habits were all wholesome, and no fears of indigence or 
loss of station prevented or retarded our marriages, fa¬ 
mine would soon exercise her prerogative of controlling, 
in the last resort, the multiplication of mankind. 

But though it be certain that the absence of all other 
checks would only give room for the irresistible in¬ 
fluence of famine, it is equally certain that Midi a state 
of things never has existed and never will exist. 
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political In the first place the absence of all the other moral 
Economy. an{ j pt,. s j(.j,| evils which retard population implies a de- 
1 gree of civilization not only high, but higher than tnan- 
l’opulation. j lavt . lls yet enjoyed. Such a society cannot be 

supposed to want sagacity sufficient to foresee the evils 
of a too rapidly increusinp population, and prudence suf. 
ficient to avoid them. In such a state the preventive 
cheek would be in full operation, and its force is quite 
sufficient to render unnecessary even the approach of 
any positive cheek. 

Xml, secondly, it is impossible that a positive check, 
so goading and so remorseless as famine, should prevail 
without bringing in her train all the others. Pestilence 
is her uniform companion, and murder and war are her 
followers. Whole bodies of men will not tamely lie- 
down to die, and witness, while they are perishing, their 
wives, and children, and parents, starving around them. 
Where there is a diversity of fortunes, famine generally 
produces that worst form of eivil war, the insurrection of 
the poor against the rich. Among uncivilized nations it 
produces those tremendous hostile migrations in which 
a whole people throws itself across a neighbouring 
frontier, and cither perishes ill the attempt to obtain a 
larger or a more fertile territory, or destroys the former 
possessors, or drives them out to be themselves ag¬ 
gressors in turn. 

In fact, almost all the positive checks, by their mutual 
reaction, have a tendency to create and aggravate one 
another; and the destruction of those who perish im¬ 
mediately by one may generally be found to have been 
remotely occasioned or promoted bv one or more of the 
others. Among nations impcifectly civilized the widest 
and the most wasting of the positive cheeks is predatory 
war. A district exposed to it is likely to suffer all the 
others. Mere fear of invasion must generally keep the 
great body of its inhabitants pent up in crowded and 
consequently unwholesome towns; it must confine their 
cultivation to the fields in the immediate neighbourhood 
of those towns, and, if it does not destroy, must so much 
impede (heir commerce as to render it useless as a 
source of subsistence; and when the invasion does 
cotne, it is often followed by the complete extirpation of 
the invaded community. This is the check which has 
kept Africa, and the central parts of Asia, in their com¬ 
paratively unpeopled state. 

In his journey from Abyssinia to Seminar, Bruce 
crossed the territory of A (barn, subject to the incursions 
of the Daveina Arabs. The whole seeins to have been 
a scene of desolation. He passed a night at Clarigara, 
a village, of which they had destroyed the crops a year 
before. The inhabitants had all perished with hunger, 
and their remains were unhuried and scattered over the 
ground where the village had stood. The travellers 
encamped among the bones : no space coukl he found 
free from them. His next stage was Teawa. “ fts con¬ 
sequence,” he observes, “ was to remain only till the. 
Daveina should resolve to attack it, when its corn fields 
being burnt and destroyed in a night by a multitude of 
horsemen, the bones of its inhabitants scattered upon 
the earth would he all its remains, like those ol the 
miserable viHage of fiarigara.” 

Among the positive checks to the population of un¬ 
civilized, or partially civilized, nations, tile next in im¬ 
portance to war is famine. When a people depends 
principally on that subsistence which is most easily ob¬ 
tained. and such is the rase among the nations in ques¬ 
tion, the mere variations of the seasons must, from time 


to time, produce destructive want. Where society is Political 
better constituted, the evil of these variations is miti- Econ omy. 
gated, partly from the superfluity of the more opulent " 

classes, partly by importation, and principally by a re- 1 op B10n ‘ 
currcuce to o less expensive diet; but in u barbarous, 
and consequently a poor and non-commercial people, 
they are among the most frighful forms of national 
calamity. The histories which we possess of such 
Countries always particularize periods of dearth as 
among the most memorable events recorded. They 
seein in a constant oscillation between the want en¬ 
dured by a population that has increased to the utmost 
limits of subsistence, and the plenty enjoyed by the sur¬ 
vivors after that population has been thinned by war, 
pestilence, or famine. The remainder of the positive 
checks, such as infanticide and unwholesomeness of 
climate, habits, or situation, appear rather to facilitate 
early marriages than to produce any actual diminution, 
or prevent nny actual increase of population. Infanti¬ 
cide has been supposed to be rather favourable to po¬ 
pulation, by opposing to the prudential cheek to mar¬ 
riage a mode of disposing of its offspring, which may 
appear easy in contemplation, but froqj which the feel¬ 
ings of the parents- eventually recoil. The uiiwhnle- 
someaess of some districts is unquestionably such as In 
keep them totally uniieopled. or inhabited by strangers, 
whose numbers must be constantly recruited. .Such, 
for instance, appears to lie tin- case in ttie most un¬ 
healthy parts of Italy. Such is the ease with large 
manufacturing towns even in the most favourable 
climates, unless great skill and great care are directed 
towards their cleanliness and ventilation. And in a 
newly colonized Country like the hack settlements of 
America, where the abundance of laud and the con¬ 
stantly increasing means of subsistence would render 
any preventive check unnecessary, any came diminish¬ 
ing longevity must relard increase. But with these ex¬ 
ception^, unheal l hi ness rather causes the successive 
generations to pass more rapidly away, than diminishes 
tlie actual number of inhabitants. In some of the 
healthiest districts of Swisscrlaud the average annual 
mortality does not exceed one in Ibrty-eight. Ill many of 
the marshy villages of Holland it exceeds one in twenty- 
three. Hut it would be rash to expect the population 
of the former to tie more dense or to increase more 
rapidly than that of the latter. The case is, in fact, the 
reverse, in the Swiss villages of which »ve have been 
speaking the births are as rare as the deaths; the 
population is thin and stationary. Among the Dutch 
the births somewhat exceed the deaths; the population 
is dense and is increasing. It is obvious, indeed, that 
the proportion of annual births to the whole number of 
people lieiug given, the rate of increase must depend on 
ihc proportion Isirne by (lie annual deaths. Ami again, 
the proportion of deaths to the whole nutnlicr of people 
being given, it must depend on the proportion borne by 
the births ; or, to use a shorter ibrin of expression, given 
the longevity it must depend on the fecundity, and 
given the fecundity it must depend on the longevity. 

If both are given, the rate of increase may be calculated; 
but from only one, the conclusion must be in the dis¬ 
junctive. If Ihc annual births bear a large proportion 
to the existing number of people, wc may conclude 
either that the population is rapidly increasing, or that 
the positive cheeks are in powerful operation. On the 
other bund, (loin a small proportion of annual deaths 
tmij he interred either a rapid increase of numbers, or a 



POLITICAL 


ECOSOM Y. 


Political strong influence of the preventive checks. The average 
Kcomiroy. d„ ra tj 0 i, of life in England is greater than in the United 
States of A merica; hut so much greater is the force of 
l‘oj"ii itn>u. t j ie preventive checks, that the rate of increase in 
America is about double that in England. Again, the 
average duration of life in the Swiss villages to which 
we have referred is the same as it is in England; but 
the preventive check in England, strong as it appears 
when compared with its force in America, is so much 
weaker than it is in some districts in Swisserlaud, that, 
with the same annual mortality, the population is in the 
one Country stationary, in the other rapidly progressive. 

But although the average longevity in a Country 
affords no decisive eviilencc as to the increasing or sta¬ 
tionary number of its inhabitants, it is among tha least 
deceitful tests of their prosperity ;> far less so than that 
on which legislators formerly relied, the number of 
births. There is not an evil, moral or physical, which 
lias not a tendency, directly or indirectly, to shorten life, 
but there are many whieli have a direct tendency to 
increase fecundity. The extraordinary duration of life 
in Great Britain, exceeding, as it does, the average of 
any other equally populous district, is a convincing 
proof of the general excellence of our climate, our insti¬ 
tutions, and our habits. 

We now proceed to consider the preventive cheeks 
to the increase of population. We have seen that 
they are promiscuous intercourse and abstinence from 
marriage. 

The first does not appear to be of sufficient import¬ 
ance to requite much consideration. It is said to pro¬ 
duce some effect in checking- the increase of the higher 
classes in some of the South Sea Islands; and it ap¬ 
pears to have produced the same cltict to a considerable 
extent among the West Indian negroes. But the 
nobility of the South Seas scarcely deserve to be sepa¬ 
rately considered. And, while the other forms of moral 
ami physical evil were accumulated, as they were among 
the West Indian slaves, it is probable that the removal 
of this evil alone would have done little to promote the 
increase of their population. 

But, with these exceptions, there are scarcely any 
females whose fecundity is prevented or diminished by 
promiscuous intercourse, except those unhappy indivi¬ 
duals whose only trade is prostitution. And they Ibrtn 
so small a proportion of the population of the whole 
world that the check to population, occasioned by their 
liufruitfuliicss, may safely lig disregarded. 

The only remaining check is abstinence from mar¬ 
riage. Our readers are of course aware that, by the 
word “ marriage,” we mean to express not the peculiar 
and permanent connection which alone, in a Christian 
Country, is entitled to that name, but any agreement be¬ 
tween a man and woman to cohabit under circumstances 
likely to occasion the birth of progeny. We have already 
observed that ahstineuce from marriage is almost uni¬ 
formly founded on the apprehension of a deficiency of 
some of the things which we have denominated by the 
general term weultli, or, in other words,.on prudence. 
Borne cases certainly occur in which men remain un¬ 
married, although,their fortunes are so ample that the 
expenses of a family would be tiuperccived. But the 
number of persons so situated is so small that they 
create an exception which would scarcely deserve atten¬ 
tion, even if this conduct were as common among them 
as it is, in fact, rare. 

We shall scarcely, therefore, be led into error if, in 
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considering the preventive checks, we confine our atten- Political 
tion to prudence, and assume that, as nothing l„uEconomy, 
sical evil directly and immediately diminishes the l<m- 
gevily of mankind, nothing but an appiehended ih-ti- P'Tulohon. 
ciency of some of the articles of wealth prevents their 
fecundity. 

But though an apprehended deficiency of sonic of the 
articles of wealth is substantially the only preventive 
cheek to the iucrease of population, it is obvious that 
fear of the want of different at tides operates, with all 
men, very dilierently; and even that an apprehended 
want of the same article will ailed differently the minds 
of the individuals of diflereut classes. An apprehended 
want of corn would produce on the minds of all Eng¬ 
lishmen a very different cilect fiom an apprehended 
want of silk. An apprehended want of butcher’s meat 
would affect very dilierently the minds of Englishmen 
of diflereut classes. It appears to us, therefore, con¬ 
venient to divide lor this purpose the articles of wealth 
into the three great classes of necessaries, decencies, 
and luxuries, and to explain the different effects pro¬ 
duced by the fear of the want of the articles of wealth 
falling under each class. We must begin, however, by 
stating, as precisely as we can, what we mean by the 
words necessaries, decencies, and Injuries; teims which 
have, been used ever since the Moral Sciences first at¬ 
tracted attention, hut with little attention to precision or 
to consistent use. 

It is scarcely necessary to remind our readers that 
these ure relative terms, and that some peisou must 
always he assigned with reference to whom a given 
commodity or service is a luxury, a decency, or a 
necessary. 


By necessaries, then, we express those things, the 
use ol which is requisite to keep a given individual in 
tlie health and strength essential to his going through 
his habitual occupations. 

By dee,neus, we express those things which a given 
individual must use in order to preserve his existing 
rank in society. 

Every thing else of which a given individual makes 
use, or, in other words, all that portion of Ins consump¬ 
tion which is not essential to his health amt stren tf'b. 
or to the preservation of his existing tank in society, 
we term Inuiry. 

It is obvious that when consumed by the inhabitants 
of diflereut Countries, or even by diflereut individuals 
in the same Country, the same things may be cither 
luxuries, decencies, or necessaries. 

Shoes ure necessaries to ail the inhabitants of Eng¬ 
land. Our hubits are such that there is not an indi¬ 
vidual whose health would not suffer from the want of 
them. 7'o the lowest class of the inhabitants of Scot¬ 
land they are luxuries: custom enables them to go 
barefoot without inconvenience aud without degrada¬ 
tion. When a Scotchman rises from the lowest to the 
middling classes of society, they become to him de¬ 
cencies. lie wears them to preserve, not his feet, but 
his station in life. To the highest class, who have 
been accustomed to them from infancy, they are as 
much necessaries as they are to all classes in Eiigluud. 
To the higher classes in Turkey wine is a luxury and 
tobacco a decency. In Europe it is tlierever.se. 7 he 
Turk drinks and the European smokes, not in obe¬ 
dience, but in opposition both to the rules of health and 
to file forms of society. But wine in Europe and the 
pipe in Turkey are among the refreshments to which a 
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Political guest is entitled, and which it would be as indecent to 
Economy. re f usc j„ the one Country as to offer in the other. 
p“ - rT' It has been said that the coal-heavers and lightermen, 
p ’ and some others among the hardworking London 
labourers, could not support their toils without the 
stimulus of porter. If this be true, porter is to them 
a necessary. To all others it is a luxury. A carriage 
is a decency to a woman of fashion, a necessary to u 
physician, and a luxury to a tradesman. 

The question, whether a given commodity is to be 
considered as a decency or a luxury, is obviously one 
to which no answer can be given, unless the place, the 
time, and the rank of the individual using it lie 
specified. The dress which in England was only 
decent a hundred years ago, would be almost extrava¬ 
gant now, while the house and furniture which now 
would afford merely decent accommodation to a gentle¬ 
man, would then have been luxurious for a Peer. The 
causes which entitle a commodity to be called a neces¬ 
sary are more permanent and more general. They 
depend partly upon the habits in which the individual 
in question has been brought up,partly on the nature of 
his occupation, on the lightness or the severity of the 
labours and hardships that he has to undergo, and 
partly on the climate in which lie lives. 

Of these causes we have illustrated the two first by the 
familiar examples of shoes and porter. But the princi- 
E ” pal cause is climate. The fuel, shelter, and raiment, 
which are essential to a Laplander's existence, would 
be worse than useless under the Tropics. And as 
habits and occupations are very slowly changed, and 
climate sufTers scarcely any alteration, the commodities 
which arc necessary to the different classes of the in¬ 
habitants of a given district may, and generally do, re¬ 
main for centuries unchanged, while their decencies and 
luxuries are continually yarying. 

Among all classes the check imposed by an appre¬ 
hended deficiency of mere luxuiics is but slight. The 
motives, perhaps we might say the instincts, that 
prompt the human race to marriage, are too powerful 
to be much restrained by the fear of losing conveniences 
unconnected with health or station in society. Nor is 
population much retarded by the fear of wanting mere 
necessaries. In comparatively uncivilized Countries, in 
which alone, as we have already seen, that want is of 
familiar occurrence, the preventive check has little 
operation. They see the danger, hut want prudence 
and self-denial to be influenced by it. On the other 
hand, among nations so far advanced in civilization as 
to be able to act on such a motive, the danger that any 
given person or his future family shall actually perish 
from indigence appears loo remote to afford any gcucial 
rule of conduct. 

The great preventive check is the fear of losing de¬ 
cencies, or, what is nearly the same, the hope to ac¬ 
quire, by the accumulation of a longer celibacy, the 
means of purchasing the decencies which give a higher 
social rank. When an Englishman stands hesitating 
between love and prudence, a family actually starving is 
not among his terrors ; against actual want lie knows 
that he has the fence of the poor-laws.- But, however 
humble his desires, he cannot contemplate without anxiety 
a probability that the income which supported his social 
rank, while single, may be insufficient to maintain it 
when he is married; that he may be unable to give to 
bis children the advantages of education which he en¬ 
joyed himself; in short, that 1 e may lose his caste. Men 


of more enterprise arc induced to postpone marriage, not Political 
merely by the fear of sinking, but also by the hope that Economy, 
in an unincumbered state they may rise. As they mount "V"— 
the horizon of their ambition keeps receding, until Population, 
sometimes the time has passed for realizing those plans 
of domestic happiness which probably every man has 
formed in his youth. 

It is by this desire of decencies, as distinguished from 
nccessnries, that long-settled civilized Countries are 
preserved from the evils of a population greatfy ex¬ 
ceeding the means of comfortable subsistence. There 
are few triter subjects of declamation than the con¬ 
trast between aucieut simplicity and modem luxury. 

Few virtues, however useful, have received more ap¬ 
plause than the contented and dignified poverty, the 
indifference to display, and the abstinence from unne¬ 
cessary expense, which all refined nations attribute to 
their ancestors. Few vices, however mischievous, have 
been more censured than (he ostentatious expenditure 
which every succeeding generation seems to consider its 
own characteristic. 

It certainly seems at first sight that habits of unneces¬ 
sary expenditure, ns they have a tendency to diminish 
the wealth of an individual, must have the same effect 
on the wealth of a nation. And, separately considered, 
it appears clear that each act of unproductive consump¬ 
tion, whatever gratification it may afford to the con¬ 
sumer, must, pro tmito, impoverish the community. 

It is so much taken from the common stock and de¬ 
stroyed. Ami as the national capital is formed from 
the aggregate savings of individuals, it is certain 
that if each individual were to expend In the utmost 
extent of his means, the whole capital of the Country 
would be giadually wasted away, and gcuerul misery 
would be the result. But it appears equally ceitain 
that if each individual vvete to confine his expenditure 
to mere necessaries, the result would be misery quite as 
general and as intense. 

We have seen that the powers of population, if not 
restrained by prudence, must inevitably produce almost 
every form of moral and physical evil. In the ease which 
we are supposing, the wants of society would be confined 
to the food, raiment, and shelter essential to the support 
of existence ; and they would all consist of the cheapest 
materials. At present, among civilized nations, the cul¬ 
tivation of the land employs only a portion of its inhabit¬ 
ants, and, generally speaking, as a nation increases in 
wealth, a smaller and smaller proportion; in England 
not one third; and a great'part of the labourers so 
employed are producers of luxuries. Indeed, as po¬ 
tatoes afford a food five or six times as abundant as 
corn, and more than twenty times as abundant as 
meat, and, as fur as can be judged by the appear¬ 
ance and powers of the lovver Irish, quite as ^whole¬ 
some, meat and corn may be considered luxuries, 
to the extent in which they are more expensive than 
potatoes. Nor, consistently with the existence of private 
property, and of the desire of wealth, etui the mode of 
cultivation he directed to the obtaining the largest pos¬ 
sible return. * The object is to obtain the largest return 
that is consistent with profitable farming, but, in the 
pursuit of this object, quantity of produce must often be 
sacrificed to economy of labour or time. 

Ifthcre were no desire for any thing beyond necessaries, 
both the existing partition of the laud, and the exiting 
division of labour, would be varied. No family would 
wish to occupy more land than the small plot necessary to 
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Political afford them potatoes ami milk. Supposing them to give 
Economy. t(J t | le u t mo st nicety of garden cultivation, its manage- 
' mcnt would still leave them time to produce the coarse 

opu u von. manu |- aC („ rcs n ec cssary for their own use. The whole of 
the population would be agricultural. 701,348 families 
so employed at present in England, although their labour 
is far from being directed to the production of the 
greatest possible amount, provide, without much assist¬ 
ance from importation, subsistence for the whole of our 
2,745,336 families. If all were so employed, and if 
quantity of produce were their sole object, it is 
probable that in ordinary seasons the soil of Eng¬ 
land, instead of fifteen millions, could feed at least 
sixty millions of people; and that of Europe, instead 
of two hundred, eight hundred millions. And that, in 
the absence of any checks mort> powerful than those 
experienced in the United States of America, the popu¬ 
lation of Europe might in fifty years amount to eight 
hundred millions. Indeed it is probable that, under the 
circumstances which we are supposing, the increase in 
Europe would be for a considerable time rather more 
rapid than that which has taken place in America. Pre¬ 
ventive checks would not exist; marriages could not be 
hindered or even delayed by prudence, since there could 
be no reason to anticipate want; the habit of early 
marriages would put an end to profligacy ; and, as all 
our habits would be eminently healthy, the positive 
checks would be reduced to their minimum. 

So far the picture is rather pleasing; it exhibits a 
state of society, not rich certainly, nor refined, but sup¬ 
porting a very numerous population in health and 
strength, and in the full enjoyment of the many sources 
of happiness connected with early marriage. But it is 
obvious that this could not last for ever; it could not last 
indeed for two hundred and fifty years. By that time 
the population of Europe would amount to above three 
million millions ; a number which the wildest imagina¬ 
tion cannot conceive capable of existing simultaneously 
iu the witole earth. 

Sooner or later, therefore, the increase must be cheeked; 
and we have seen that prudence is the only check that 
does not involve vice or misery. But such is the force 
of the passions which prompt to marriage, and such is 
each man’s reliance on his own good conduct and good 
fortune, that the evils, whatever they may be, the appre¬ 
hension of which forms the prudential check, are fre¬ 
quently incurred. Where that evil is the loss of luxuries, 
or even of decencies, it is trifling in tho first case, aiul 
bearable in the second. But, in the case which we are 
supposing, the only prudential check would be an appre¬ 
hended deficiency of necessaries; and that deficiency, 
iu the many instances in which it would actually be 
incurred, would be the positive check in its most flight¬ 
ful form. It would he incurred not only in consequence 
of that miscalculation of chances to which all men are 
subject, and certainly those not the least so who are 
anxious to marry, but through accidents against wiiich 
no human prudence can guard. A single bad harvest 
may be provided against, but a succession of unfavour¬ 
able seasons (and such successions do occur) must reduce 
such a people to absolute famine. When such seasons 
“fleet a nation indulging in considerable superfluous ex¬ 
penditure, they are relieved by u temporary sacrifice of 
that superfluity. The grain consumed in ordinary years 
by our breweries nnd distilleries is a store always at 
hand to supply a scarcity, and the same may lie said of 

VOL. VI. 


the large quantity of food raised for the. support of Political 
domestic animals, but applicable to human suhs isteno. Economy. 
To these resources may be added the Importation from s —“V”'""' 
abroad of necessaries instead of luxuries and the mate- P°P ulat,on - 
rials of luxury, of corn, for instance, instead of wine. 

It may be said however, and indeed it has been said, 
that while the globe remains in its present irregularly 
occupier! and irregularly cultivated slate, emigration 
affords to all comparatively thickly-peopled nations a 
resource so ample aud so easy as to render evci y pruden¬ 
tial check to population unnecessary. 

It is obvious that if capital and skill equal to those 
bestowed on the best parts of Flanders, or of the 
Scotch Lowlands, could be applied to the whole 
habitable world, a population ten times, perhaps 
one hundred times, perhaps even five hundred limes 
as large could be maintained, as well, perhaps far 
belter, than (he one thousand millions now supposed 
to exist on its surface. It is possible, we will not say 
even that it is improbable, that in the course of centuries, 
or rather of hundreds of centuries, these splendid visions 
may be realized. But all experience shows that no 
numerous and civilized nation, surrounded by other civi¬ 
lized nations, can venture to rely on emigration as a 
permanent and adequate check to population. We say 
no numerous and civilized nation surrounded by other 
civilized nations; for we are aware that the hordes ot 
Central Asia and of the Northern parts of Europe, and 
the surplus inhabitants of some small communities, such 
as the petty States of ancient Greece and Phoenicia, 
appear to have found, the one in colonization, the others 
in armed migrations, a periodical outlet; and that the 
Americans of European descent have enjoyed for cen¬ 
turies, and for centuries to come may enjoy, in the 
immense continent behind them, room for as rapid an 
increase of their numbers as the -most unchecked propa¬ 
gation can supply. But these arc not examples which 
Europe, as now constituted, can imitate. When all the 
land frontier is appropriated,—when invasion for the pur¬ 
pose of settlement is impossible, aud the solitary traveller 
is repelled by a different language, different laws, diffe¬ 
rent arts, and often a different religion,—when the other 
alternative is an expensive and distant voyage, and 
either an unsettled, and therefore in general an unwhole¬ 
some country, or equal obstacles from variations of 
laws, language, religion, and arts, in a previously settled 
district,—when these arc the difficulties to be eucounleied, 
no extensive and systematic emigration will be persisted 
in. Even the different parts of the same empire afford 
little assistance to one another, if difference of language, 
or habits, or considerable distance be interposed. Tne 
Austrian dominions contain some of the most thinly and 
some of Ihe most thickly peopled portions of Europe ; 
but Hungary is not colonized from the plains of Lom¬ 
bardy. If any European nation could hope to make 
emigration a complete substitute for prudence, that hope 
might be entertained by the inhabitants of the British 
Islands. We have the command of unoccupied conti¬ 
nents in each hemisphere, the largest navy that the world 
ever saw to convey us to them, the largest capital that 
ever has been accumulated to defray the expense, and a 
population remarkable not merely for enterprise, but for 
enterprise of this particular description. These advan¬ 
tages we have enjoyed for centuries; almost from the 
times of the Tudors we have possessed a large outskirt 
of empire far exceeding in extent our European posses- 
x 
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Political sions. And yet during this long period how little effect 
Economy. i ms t i n jg ru tt 011 produced on our numbers ! The swarms 
l'unilation we have sent out, and which we now send out, 

' seem to be instantaneously replaced. We have founded 
one empire, and probably shall found many ; but, after 
once a colony has been planted, its principal increase 
arises, not from the comparatively scanty recruits whom 
it receives from home, but from the unrepressed force of 
human fecundity. 

In a future portion of this Treatise wc shall explain 
with more detail the causes which impede emigration; at 
present we shall only repeat that all experience shows 
its inability to keep down the population of any large, 
well peopled, and tolerably civilized Country, such as 
Europe, China, or Hindustan. It appears, therefore, 
that habits of prudence in contracting marriage, and of 
considerable superfluous expenditure, afford the only 
permanent protection against a population pressing so 
closely on the means of subsistence as to lie continually 
incurring the misery of the positive checks. And as 
the former habits exist only in a civilized, and the latter 
only in an opulent society, it appears equally clear that, 
as a nation advances in civilization and opulence, the 
positive checks are likely to be superseded by the pre¬ 
ventive. If this be true, the evil of a redundant popu¬ 
lation, or, to speak more intelligibly, of a population loo 
numerous to be adequately and regularly supplied with 
necessaries, is likely to diminish in the progress of im¬ 
provement. As wealth increases, what were the luxuries 
of one generation lieeome the decencies of their .succes¬ 
sors. Not only a taste for additional comfort and con¬ 
venience, hut a feeling of degradation in their absence, 
becomes more and more widely diffused. The increase 
in many respects of the productive powers of labour 
must enable increased comforts to be enjoyed by in¬ 
creased numbers: and as it is the more lieneticial, so it 
appears to be the more natural couisc of events that 
increased comfort should not only accompany but rather 
precede increase of numbers. 

But although we believe that, as civilization advances, 
the pressure of population on subsistence is a decreasing 
evil, we are tar from denying the prevalence of this pres¬ 
sure in all long-settled Countries ; indeed in all Countries 
except those which are the seats of colonics applying the 
knowledge of an old Country to an unoccupied territory. 
We believe that there are few portions of Europe the inha¬ 
bitants of which would not now be richer if their numbers 
were (ewer, and would not be richer hereafter if they 
were now to retard the rate at which their population is 
increasing. No plan for social improvement can lie 
complete unless it embrace the means both of increasing 
the production of wealth and of preventing population 
from making a proportionate advance. The former is 
to be effected by legislative, the latter by individual pru¬ 
dence and forethought. The former must be brought 
about by the governing classes of society ; the latter de¬ 
pends almost entirely on the lower. As a moans of 
improvement, the latter is, on the whole, more efficient. 
It may be acted upon or neglected by almost every one. 
But, in the present state of public opinion and of com¬ 
mercial and fiscal policy in Europe, perhaps a greater 
progress may be made by insisting on the former. The 
statesman who neglects either considers only a portion 
of the subject. 

But we must admit that ours are not the received 
opinions; or perhaps we ought to say, that our state¬ 


ment is opposed, on the one side or on the other, to the Political 
language used by almost every wiiter who has directly bcuaoaff- 
treated the subject of population. Almostevcry Econo- i» 0 ., u ] a gi on . 
mist will be found, in that part of his writings in which ‘ 
vvhnt has been called the principle of population is the 
immediate and principal question considered, to range 
himself under one of two hostile banners, each opposed 
not only to the other, but also to the doctrines which 
wc have endeavoured to explain. -On one side are 
tlio.se who believe tliut an incrcuse of numbers is neces¬ 
sarily accompanied not merely by u positive, but by a 
relative increase of productive power; that density of 
population is the cause and the lest of prosperity ; and 
that, “ were every nation under the sun to be released 
from .all the natural ami artificial checks on their in¬ 
crease, and to start off breeding at tile fastest possible 
rate, many, very many generations must elapse before 
any necessary pressure could be felt." * 

On the other side are those who maintain that popu¬ 
lation has a tendency (using the word tendency to 
express likelihood or probability) to increase beyond the 
means of subsistence ; or, in other words, that, vv hatever 
be the existing means of subsistence, population is likely 
fully to come up to them, and even to struggle to pass 
he)und them, and is kept hack principally by the vice 
and misery which that struggle must produce. 

The whole of our previous remarks afford an answer 
to the first mentioned class of writers. We shall not 
therefore recur to them. The opinions of the other class 
we shall consider at some length: and we will begin by 
the following quotations from Mr. XTCnllocli, Mr. 

Mill, and Mr. Malthas. 

Among the valuable notes which Mr. M'f'ulloclt has 
appended to his edition ot the Wealth <f Nations, one of 
the most inteic'ting treats of population; and one of 
the objects ot that note is to show that the population 
of the United States of America cannot continue to 
increase for any very considerable period at the rate at 
which it has increased during the last hundred )ears. 

We are perfectly convinced of the correctness ot this 
anticipation; ami wc make the following extract not 
with any iiitcution to oppose Mr. M'Ciillocli's opinions 
as to America, but because we are anxious to express 
our dissent to the form in which he lays down the 
gciioal doctrine of population. 

“ It may be said perhaps," says Mr. M'Culloch, “ that 
allowance must be made for the effects of tile improve¬ 
ments which may be supposed to take place in agricul¬ 
tural science in the progress of society, or the possible 
introduction, at some future period, of new and more 
prolific species of crops, llut it is easy to see that the 
influence of such improvements and changes must, sup¬ 
posing them to be realized in the fullest manner, be of 
very temporary duration; and that it cannot uflect the 
truth of the. principle, that the. power of increase in the 
human species must always, in the long run, prune an 
overmatch fur the increase in the means of subsistence. 

Suppose by some extraordinary improvement the quan¬ 
tity of food und other articles required for the subsist¬ 
ence and accommodation of mau annually produced in 
Great Britain were suddenly doubled; the condition of 
all classes being in consequence signally improved, 
there would be less occasion for the exercise ot moral 


* Scrape, Principles of Politico! Economy, 1833, p. 276. 
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Political restraint; the period of marriage would therefore be 
Economy, accelerated, and such a powerful stimulus would be given 
' ' to the principle of incren.se, that in a very short period 

Population. p 0 p U [ a tion would he again on a level with the means 
of subsistence; and there would also, owing to the 
change that must have been made in the habits of the 
people with respect to marriage, during the period that 
the population was rising to the level of the increased 
supply of food, be an extreme risk lest it should become 
too ubundunt, anti produce an increased rate of mor¬ 
tality Although, therefore, it is not possible to assign 
’ any certain limits to the progress of improvement, it is 

notwithstanding evident that it cannot continue for any 
* considerable period to advance in the same proportion 
that population would advance supposing food, were 
abundantly supplied. The circumstance of inferior 
lands, which require a greater outlay of capital and 
labour to make them yield the same supply as those 
that are superior, being invariably taken into cultivation 
in the progress of society, demonstrates, what is other¬ 
wise indeed siifliciently obvious to every one, that, in 
despite rtf improvements, the difficulty of adding to the 
supplies of food is progressively augmented as popula¬ 
tion becomes denser.” 

Mr. Mill's views are to be found in his discussion 
of wages. Principles, &c., ch. ii. s. 2. “ If it were,” he 

observes, “ the natural tendency of capital (by which 
term Mr, Mill designates the instruments of labour, the 
materials on which they are to be employed, when pro¬ 
duced by labour, and the subsistence of the labourer) 
to increase faster than population, tlieie would be no 
difficulty in preserving the prosperous condition of the 
people. If, on the other hand, it were the natural tend¬ 
ency of population to increase faster than capital, the 
difficulty would be very great. There would be a per- 
petuul tendency in wages to fall; the progressive fall of 
wages would produce a greater and a greater degree of 
poverty among the people, attended with its inevitable 
consequences, misery and vice. As poverty, and its 
consequent misery, increased, mortality would also in¬ 
crease: of a numerous family born, a certain number 
only, front want of the means of well being, would be 
reared. By whatever proportion the population tended 
to increase faster than capital, such a proportion of those 
who were born would die; the ratio of increase in 
capital and population would then remain the same, 
and the fall of wages would proceed no further. That 
population has a tendency to increase faster than, in 
most places, capital has actually increased, is proved 
incontestably by the condition nt the population in most 
parts of the globe. In almost all Countries the condi¬ 
tion of the great body of the people is poor and misera¬ 
ble. This would have been impossible, if capital had 
increased faster than population. In that case wages 
must have risen; and high wages would have placed 
the labourer above the miseries of want. This general 
misery of mankind is a fact which can be accounted 
for upon one only of two suppositions: either that 
there is a natural tendency in population to increase 
faster titan capital, or that capital has, by some means, 
been prevented from increasing so fast as It lias a tend¬ 
ency to increase. This, therefore, is an inquiry of the 
highest importance.” 

As the result of that inquiry, Mr. Mill decides the 
second alternative in the negative; and consequently 
conceives himself to have established the former, namely, 


that there is a natural tendency in population to increase Political 
faster than capital. Economy. 

Mr. Mallhus’s opinions appear to have been con- 
siderably modified during the course of his long and 
brilliant philosophical career. In the first edition of 
his greul Work the principle of population was repre¬ 
sented as an insurmountable obstacle to the permanent 
welfare of the inass of mankind. And even in the last 
edition the following passages are open to the same 
construction 

“ There are few States in which there is not a con¬ 
stant effort in the population to increase beyond the 
means of subsistence. This constant effort as constantly 
tends to subject the lower classes of society to disticss, 
and to prevent any great permanent amelioration of 
their condition. These effects, in the present state of 
society, seem to be produced in the following manner: 

—We will suppose the means of subsistence in any 
Country to be just equal to the easy support of its in¬ 
habitants. The constant effort towards population, 
which is found to act even in the most vicious societies, 
increases the number of people before the means of 
subsistence are increased. The food, therefore, which 
before supported eleven millions, must now lx* divided 
between eleven millions and a half The poor conse¬ 
quently must live much worse, and many of them 
be reduced to severe distress. The number of labourers 
al-o being above the proportion of work in the maikct, 
the price of labour must tend to fall, while the ptiee of 
provisions would at (he same time tend to rise. The 
labourer therefore must do more work to earn the ‘•ante 
us he did before. Duiing this season of distress the 
discouragements to marriage and the difficulty of 
rearing a family are to great that the progress of 
population is retarded. In the mean time, the cheap¬ 
ness of labour, the plenty of laboureis, and the 
necessity of an increased industry amongst them, en¬ 
courage cultivators to employ more labour upon their 
land, to turn up flesh soil, and to manure and improve 
more completely what is already in tillage, till ulti¬ 
mately the means of subsistence may become in the 
same proportion to the population as at the period 
from which we set out. The situation of the labourer 
being then again tolerably comfortable, the restraints to 
population are in some degree loosened ; and after a 
short period the same retrograde and progressive move¬ 
ments, with respect to happiness, arc repeated.” Popu¬ 
lation , book i. chap. 2. “ According to the principle of 
population, the human race has a tendency to increase 
faster than food. It has, therefore, a constant lendrmy 
to people a Country fully up to the limits of sub-ist- 
encc ; meaning, by these limits, the lowest quantity of 
food which will maintain a stationary population.” 

Book iii. chap. i. note. 

But when the opposite doctrine, namely, that, in the 
absence of disturbing causes, subsistence is likely to 
increase more rapidly than population, was brought 
before hint by Mr. Senior, he appears to have disavowed, 
we will not say his former expressions, but the infer¬ 
ences to which they lead. 

‘•The meaning,” says Mr. Malthus, “which I in¬ 
tended to convey by the expression to which you ob- 
’ect” (that population has a tendency to increase 
faster than food) ‘‘was, that population was always 
ready and inclined to increase faster than food, if the 
cheeks which repressed it were removed; and that 
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Political though these checks might be such as to prevent popu- 
. lation from advancing upon subsistence, or even to keep 

Population. ** a * a g reatcr distance behind, yet that, whether popu¬ 
lation were actually increasing faster than food, or food 
faster than population, it was true that, except in new 
colonics, favourably circumstanced, population was 
always pressing against food, and was always ready to 
start off at a faster rate than that at which the food was 
actually increasing.” 

“ We are quite agreed that, in the capacity of reason 
and forethought, man is endowed with a power naturally 
calculated to mitigate the evils occasioned by the pressure 
of population against food. We are further agreed that, 
in the progress of society, as education and knowledge 
are extended, the probability is that these evils will 
practically be mitigated, and the condition of the labour¬ 
ing classes lie improved.’’* 

So explained, Mr. Malthus's opinions are opposed to 
the expressions of Mr. Mill and Mr. M'Colloch; his admis¬ 
sion that, “ in the progress of society, the probability is 
that the evils occasioned by the pressure of population 
against food will he mitigated,” is opposed to Mr. M‘Cnl- 
loch’s statement, “ that the power of increase in the 
lium-in species must always in the long run prove an 
overmatch for the increase in the means of subsistence 
and to Mr. Mill’s, “that the tendency of popula¬ 
tion to increase faster than, in most places, capital has 
actually increased, is proved incontestably by the condi¬ 
tion of the population in most parts of the globe.” 
Archbishop Whately, with his usual acuteness, has in 
the following passage traced (he question to a verbal 
ambiguity. 

“The doctrine, that, since there is a tendency in popu¬ 
lation to increase faster than the means of subsistence, 
lienee the pressure of population against subsistence may 
lie expected to become greater and greater in each succes¬ 
sive generation, (unless new and extraordinary remedies 
are resorted to,) ami thus to produce a progressive dimi¬ 
nution of human well.] re—this doctrine, which some main¬ 
tain in defiance of the. fact that all civilized Countries 
have a greater proportionate amount of wealth now 
than formerly, may be traced chiefly to an undetected 
ambiguity in the word 1 tendency,’ which forms a part 
of the middle term of the argument. By a ‘ tendency’ 
towards a certain result is sometimes meant, ttie exist¬ 
ence of a cause which, operating unimpeded, would 
produce that result. In this sense it may be said, with 
truth, that the earth, or any other body moving round a 
centre, has a tendency to fly off at a tangent; ( i . c.) the 
centiifugal force operates in that direction, though it is 
controlled by the centripetal; or, again, that man has a 
greater tendency to fall prostrate than to stand erect; 
(t, c.) the attraction of gravitation and the position of 
the centre of gravity arc such that the least breath of air 
would overset him, but for the voluntary exertion of 
muscular force : and, again, that population has a tend¬ 
ency to increase beyond subsistence; (t. c.) there are in 
man propensities which, if unrestrained, lead to that 
result. 

“ But sometimes, again, ‘ a tendency towards a certain 
result’ is understood to mean ‘ the existence of such a 
state of tilings that that result may lie expected to take 
place.’ Now it is in these two senses that the word is 
used, in the two premises of the argument in question. 
Butin this latter sense, the earth has u greater tendency 


* Jvyenihx to Semoi’n Lectio rs on ['opu/atian , ]i. (>1—62. 


to remain in its orbit than to fly off from it; man has a Political 
greater tendency to stand erect than to fall prostrate ; and Economy, 
(as may be proved by comparing a more barbarous with 
u more civilized period in the history of any Country) in Population, 
the progress of Society, subsistence has a tendency to 
increase at u greater rate than population. In this 
Country, for instance, much as our population has in¬ 
creased within the last live centuries, it yet bears a far 
less ratio to subsistence (though still a much greater 
than could be wished) than it did five hunflred years 
ago.”* 

It is obvious that if the present state of the world, 
compared with its state at our earliest records, be one of 
relative poverty, the tendency of population to increase 
more* rapidly than subsistence must be admitted. If 
the means of subsistence continue to bear precisely 
the same proportion to the number of its inhabitants, it 
is clear that the increase of subsistence and of numbers 
has been equal. If its means of subsistence have in¬ 
creased much more than the number of its inhabitants, 
it is clear not only that the proposition in question is false, 
but that the contrary proposition is true, and that the 
me ins of subsistence have a natural tendency (using 
these words as expressing what is likely to take place) 
to increase faster than population. Now what is the 
picture presented by the earliest records of those na¬ 
tions which are now civilized, or, which is the same, 
what is now the state of savage nations ?—a state of 
habitual poverty and occasional famine. A scanty popu¬ 
lation, but still scantier means of subsistence. Admit¬ 
ting, and it mu*-! he admitted, that in almost all Coun¬ 
tries t'v condition of the great body of the people is 
poor and miserable, yd, as poverty and misery were their 
original inheritance, what inference can vve draw from 
the continuance of that misery as to the tendency of 
their numbers to increase more rapidly than their wealth? 

But if a single Country can be found in which there 
is now less poverty titan is universal in a savage state, 
it must be true that, under the circumstances in which 
that Country has been placed, the means of subsistence 
have a greater tendency to increase than the population. 

Now this is the case in every civilized Country. Even 
Ireland, the Country most likely to afford an in¬ 
stance of vvliut has been called the tendency of 
things, poor and populous as she is, suffers less from 
want with her eight millions of people than when her 
only inhabitants were a few septs of hunters and fishers, 
in our own early hi-torv, famines, and pestilences, the 
consequences of famine, constantly recur. At present, 
though our numbers are trebled or quadrupled, they are 
unheard of. 

The United States of America afford the best ascer¬ 
tained instance of great and continued increase of num- 
1 h rs They have afforded a field in which the powers 
of population have been allowed to exhaust their energy; 
but, though exerted to their utmost, they have not us yet 
equalled the progress of subsistence. Whole colonies 
of the first settlers perished from absolute want; their 
successors struggled long against hardship and priva¬ 
tion ; but every increase of their number seems to have 
been accompanied or preceded by increased means of 
support. If it. be conceded that there exists in the hu 
man race a natural tendency to advance from barbarism 
to civilization, and that the means of subsistence are 
proportionality more ubunduut in a civilized than in a 

’ Archliialioji Whately, Lccturci on I'ulilna/ Economy, Lecture 9. 
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Political Ra voge state, and neither of these propositions con he 
*“ Qom y- denied, ii must follow that there is a natural tendency 
in subsistence to increase in a greater ratio than popu- 
' lation. 

But although Mr. Malthus himself, in his earlier 
publications, has perhaps fallen sometimes into the 
exaggeration which is natural to a discoverer, the error, 
if he has committed one, does not aifect the practical 
conclusions which place him, as a benefactor to man¬ 
kind, on a level with Adam Smith. Whether, in the 
, absence of disturbing causes, it be the tendency of sub¬ 

sistence or of population to advance with greater rapidity, 
. is a question of slight importance, if it be acknowledged 
that human happiness or misery depend principally on 
their relative advance, and that there arc causes, and 
causes within human control, by which that advance 
can be regulated. These are propositions which Mr. 
Malthus has established by facts and reasoning which, 
opposed as they were to long-rooted prejudice, and 
assailed by eiery species of sophistry and clamour, are 
now admitted by the majority of reasoners, and oven 
by a large majority of those who take their opinions 
upon trust. a 

To explain what are the causes of the relative increase 
of subsistence and population is rather the business of a 
writer on politics than of a Political Economist. At pre¬ 
sent we will only say that knowledge, security of property, 
freedom of internal and external exchange, and equal 
admissibility to rank and power, are the principal causes 
which at the same time promote the increase of sub¬ 
sistence, and, by elevating the character of the people, 
lead them to keep at a slower rale the increase of their 
numbers. And that restrictions on exchange and com¬ 
merce, artificial harriers excluding the great majority of 
the community from the chance of social eminence, and, 
above all, ignorance, and insecurity of poison and pro¬ 
perty, arc the general causes which both diminish the 
productiveness of labour, and tend to produce that brutal 
state of improvidence in which the power of increase, 
unchecked by prudence, is always struggling to pass the 
limits of subsistence, ami is kept down only by vice and 
misery. We use the expression general causes, to ex¬ 
clude those causes which, being peculiar to certain na¬ 
tions, require separate consideration. Such are the 
superstitious desire of offspring in China, the political 
motors which formerly occasioned the creation of free¬ 
holders in Ireland, and the administration of the poor 
laws in some parts of England. But, omitting these 
details, it may be generally stated thut all that degrades 
the character, or diminishes the productive power of a 
people, tends to diminish the proportion of subsistence to 
population, and vice versa. And consequently that a 
population increasing more rapidly than the means of 
subsistence is, generally speaking, a symptom of mis- 
government indicating deeper-seated evils, of which it is 
only one of the results. 

And, notwithstanding the passages which we have 
cited, we believe these to be also the opinions of Mr. 
Mill and of Mr. M'Cnlloch. We believe "that neither 
of these eminent writers doubts that the situation of the 
inhabitants of Europe has been gradually improving 
during the last 500 years. We believe that neither of 
them considers the improvement as having reached its 
limit, or as having any definite limit whatever. When 
they speak of the probable destinies of mankind, they 
teach the same doctrine as ourselves. It is only when 
separately discussing the subject of population that they 


have used the language to which we have ventured to Political 
object. We believe that they have used it without Kvo'iomjr. 
being misled by it themselves, and, perhaps on that 
very account, without perceiving its tendency to mislead 
others. But that those whose acquaintance with l'oli- 

licnl Economy is superficial (anil they form the great 
mass of even the educated classes) have been misled 
by the form in which the doctrine of population has 
tieen expressed appears to us undeniable. When such 
persons are told that “ it is the tendency of the human 
race to increase faster than food”—“ to people a country 
fully up to the means of subsistence,” they infer that 
what has a tendency to happen is to be expected. Be¬ 
cause additional population may bring poverty, they 
suppose that it necessarily will do so : because increased 
means of subsistence may be followed and neutralized 
by a proportionate increase in the number of persons to 
be subsisted, they suppose that such will necessarily be 
the case. And unhappily there are many whom indo¬ 
lence, or selfishness, or a turn to despondency, make 
ready recipients of such a doctrine. It furnishes an easy 
escape from the trouble or expense implied bj every 
project of improvement. What use would it be,” 
they a«k, ‘‘to promote an extensive emigration? the 
whole vacuum would lie immediately filled up by the 
necessary increase of population. Why should vve alter 
the Corn Laws? If food were for a time more abundant, 
in a very short period the population would he again 
on a level with the means of subsistence, and ive should 
be just as ill olf’as before.” 

There are many also, particularly among those who 
reason rather with their hearts than (heir heads, who 
are unable to assent to these doctrines, and jet believe 
them to be among the admitted results of Political 
Economy, Such persons apply to the whole Science the 
argumenlum ab absurdn; and, instead of inquiring into 
the accuracy of the reasoning, refuse to examine the 
premises from which such objectionable conclusions are 
inferred. 

It is because we believe these misconceptions to be 
extensively prevalent that we have ventured to detain 
our readers by this long discussion. A discussion which 
some may think a more dispute about ti e more conve¬ 
nient use of a word, and others an attempt to prove a 
self-evident fuct. 

Production. 

Having explained the sense in which vve use the word lVd 'd on. 
wealth, and given an outline of the doctrine of popula¬ 
tion, we now proceed to consider production, or the 
means by which wealth is produced. The first terms 
to be defined are the verb produce, and the sitbstanti.e 
producl. 

To produce, as far as Political Economy is concerned, 
is to occasion an alteration in the eondtTun of theei- 
isting particles of matter, for the occasioning of u'l/i h 
alteration, or for the things thence resulting, sonn thing 
may be obtained in exchange. This alteration i- a 
product. It is scarcely necessary to remind our readers 
that matter is susceptible neither of increase nor dimi¬ 
nution, and that all which man or any other agent 
of which we have experience can effect, is to alter 
the condition of its existing particles. But as Political 
Economy treats only of wealth, and therefore only 
of those alterations of which wealth is tin- it“-ull, vve 
are forced to exclude all other alterations trom the 
definition of products. Tuc child w No builds a castle 



150 


POLITICAL ECONOMY. 


Political 

Kconuiny. 


Production. 


with sand on the shore, and the child who kicks it 
down, each occasions effects the same in kind os the man 
who builds or pulls down a palace; but as the exertions 
of the latter entitle him to be paid, he is properly said 
to produce, and the result of his conduct, whether it be 
the covering with buildings ground previously unoccu¬ 
pied. or rendering vacant what was previously built 
over, is properly called a product. 

Products have been divided into material and im¬ 
material, or, to express the same distinction in dif¬ 
ferent words, into commodities and services. This 
distinction appears to have been suggested by Adam 
Smith’s well-known division of labour into produc¬ 
tive and unproductive. Those who thought the prin¬ 
ciple of that division convenient, feeling at the same 
time the difficulty of terming unproductive the labour 
without which all other labour would be inefficient, in¬ 
vented the term services, or immaterial products, to 
express its results. 

It appears to us, however, that the distinctions that 
have been attempted to be drawn between productive 
and unproductive labourers, or between the producers of 
material and immaterial products, or between commo¬ 
dities and services, rest on differences existing not in the 
things themselves, which are the objects considered, but 
in the modes in which they attract our attention. In 
those cases in which our attention is principally called 
not to the act of occasioning the alteration, but to the 
result of that act, to the thing altered. Economists have 
termed the person who occasioned that alteration a pro¬ 
ductive labourer, or the producer of a commodify or 
material product. Where, on the other hand, our atten¬ 
tion is principally called not to the thing altered, but to 
the act of occasioning that alteration, Economists have 
termed the person occasioning that alteration an unpro¬ 
ductive lahourer, and his exertions, services, or imma¬ 
terial products. A shoemaker alters leather and thread 
and wax into a pair of shoes. A. shoeblack alters a 
dirty pair of shot's info a clean pair. In the first 
case our attention is called principally to the things as 
altered. The shoemnker, therefore, is said to make or 
produce, shoes. In the case of the shoeblack, our at¬ 
tention is called principally to the act as performed. 
He is not said to make or produce the commodity, clean 
shoes, but to perform the service of cleaning them. In 
each case there is of course an act and a result; but in 
the one case our attention is called principally to the 
act, in the other to the result. 

Among the causes which direct our attention princi¬ 
pally to the act, or principally to the result , seem to be, 
first, the degree of change produced; and secondly, the 
mode in which the person who benefits by that change 
generally purchases that benefit. 

1. Where the alteration is but slight, especially if the 
thing that has been subjected to alteration still retains 
the same name, our attention is directed principally to 
the act. A cook is not said to make roast beef, but to 
dress it; but he is said to make n pudding, or those 
more elaborate preparations which we call made, dishes. 
The change of name is very material: a tailor is said 
to make doth into a coat; a dyer is not said to make 
undyed cloth into dyed cloth. The change produced by 
the dyer is perhaps greater than that produced by the 
tailor, but the doth in passing through the tailor’s 
hands changes its name; in passing through the dyer's 
it does not: the flyer has not produced a new name, 
nor, consequently, in our minds, a new thing. 


The principal circumstance, however, is the mode in Political 
which the payment is made. In some cases the pro- Bconomy. 
ducer is accustomed to sell, and we are accustomed to 
purchase, not his labour, but the subject on which that action, 
labour has been employed; as when we purchase a wig 
or a chest of medicine. In other cases, what we buy is 
not the thing altered, but the labour of altering it. as 
when we employ a hnircutter or a physician. Our 
attention in all these cases naturally fixes itself on the 
thing which we are accustomed to purchase ; and accord¬ 
ing as we are accustomed to buy the labour, or the thing 
on which that labour has been expended,—as we are, in 
fact, accustomed to purchase a commodity or a service, 
we consider a commodity or a service ns the thing pro¬ 
duced. The ultimate object both of painting and of 
acting is the pleasme derived from imitation. The 
means adopted by the painter and the actor are the 
same in kind. Each exercises his bodily organs, but 
the painter exercises them to distribute colours over a 
canvass, the actor to put himself into certain attitudes, 
and to utter certain sounds, The actor sells his exer¬ 
tions themselves. The painter sells not his exertions, 
but tfie picture on which those exertioijs have been em¬ 
ployed. The mode in which their exertions are sold 
constitutes the only difference between menial servants 
and the other labouring classes : a servant who carries 
coul from the cellar to the drawing-room performs pre¬ 
cisely the same operation as the miner who raises them 
from the bottom of the pit to its mouth. But the con¬ 
sumer pays tor the coals themselves when raised and 
received into his cellar, and pays the servant for the 
act of bringing them up. The miner, therefore, is said 
to produce the material commodity, coals ; the servant 
the immaterial product, or service. Both, in fact, pro¬ 
duce the same tiling, an alteration in the condition of 
the existing particles of matter; but our attention is 
fixed in the. one case on the act, in the other on the 
result of that act. 

Ju the ruder states of society almost all manufac¬ 
tures are domestic: the Queens and Princesses of heroic 
times were habitually employed in overlooking the la¬ 
bours of their maidens. Tile division of labour has 
banished from our halls to our manufactories the distaff 
and the loom ; and, if the language to which we have 
been adverting were correct, the division of labour must 
be said to have turned spinners and weavers from un¬ 
productive into productive labourers; from producers of 
immaterial services into producers of material commo¬ 
dities. 

But objecting as we do to a nomenclature which 
should consider producers as divided, by the nature of 
their products, into producers of services and producers 
of commodities, we are ready to admit the convenience 
of the distinction between services and commodities 
themselves, and to apply the term service to the act of 
occasioning an alteration in the existing state of tbiugs, 
the term commodity to the thing as altered ; the term 
product including both commodities and services. 

It is to besnbservcd that, in ordinary language, u person 
is not said to produce a thing unless he has employed 
himself for that especial purpose. If an English oyster- 
fisher should meet with an oyster containing a pearl, 
he would be called not the producer of the pearl, but its 
casual finder. But a Ceylon oyster-fisher, whose trade 
is to fish for pearl oysters, is called a producer of pearls. 

The nitre existence of the pearls is in both cases owing 
to the agency of nature j their existence as articles of 
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Political value is in both cases owing to the agency of the fisher 
Economy, in removing them from a situation in which they were 
'“■“v**valueless. In the one case he did this intentionally, in 
Production the other accidentally. Attention is directed in the one 
and con- case t0 agency, and he is therefore called the producer 

wimp ion. o |. t j ie the other case it is directed to the 

agency of nature, and he is called only the appropriator. 
But it appears to us the more convenient classification, 
for scientific purposes, to term him in both cases the 
producer. 

Economists have in general opposed consumption to 
’ production. They have defined consumption to be the de¬ 

struction wholly, or in part, of any portion of wealth. And 
they consider it as the ultimate object of all production. 

Tout ce qui est produil,* says M. Say, est consomme; 
par conskquent, toute valeur crece est detrude, et n'a He 
crei: que pour Stre delruite. 

“ Consumption,” says Mr. Malthus, “ is the great 
purpose and end of all prodnction."t “ By consump¬ 
tion,” says Mr. M‘Cul!och, “is meant the annihilation 
of those qualities which reader commodities useful or 
desirable. To consume the products of Art and in¬ 
dustry is to deprive the matter of which they consist of 
utility, and consequently of the exchangeable value com¬ 
municated to it by labour. Consumption is, in fact, the 
end and object of human exertion, and when a com¬ 
modity is in a fit state to be used, if its consumption be 
deferred, a loss is incurred.”* 

That almost all that is produced is destroyed is true; 
hul we cannot admit thut it is produced for the purpose 
of being destroyed. It is produced for the purpose of 
being made use of. Its destruction is an incident to its 
use, not only not intended, but, as iar as possible, 
avoided. In tact, there are some things which .seem 
unsusceptible of destruction except by accidental injury. 
A statue in a gallery, or a medal, or a gem in a cabinet, 
may lie preserved tor centuries without apparent de¬ 
terioration. There are others, such as food and fuel, 
which perisli in the very act of using them, and hence, 
as these are the most essential commodities, tliu word 
euiisutnptiou has been applied universally as express¬ 
ing the making use oi anything. But the bulk 
of commodities are destroyed by those numerous 
gradual agents which we call collectively time, and the 
action of which we strive to retard, if it he true that 
consumption is the object of all production, the inha¬ 
bitant of a house must tie termed its consumer, but it 
would be strange to call him its destroyer; since it would 
unquestionably be destroyed much sooner if uninhabited. 
It would he an improvement in the language of Political 
Economy if the expression “to use” could lie sub¬ 
stituted for that “ to consume.” There is, however, so 
much diflictilly in changing au established nomencla¬ 
ture, that we shall continue to use the word consump¬ 
tion, premising that we use it to signify primarily the 
making use of a thing; a circumstance to which its de¬ 
struction is generally, but not uecessariiy, incidental. 

The wealth of a Country will much depend on the 
question, whether the tastes of its inhabitants lead them 
to prefer objects of slow or of rapid destruction. 

It will depend, however, much more on theirpreference 
of productive or unproductive consumption. 

Productive consumption is that use of a commodity 

* Suy, J*r!nnpfei, tome iii. p. 27fi, 

+ Pnneiji/tt, tee. p. 219, 

I //. p. nil—lit A 2(1 lid. 


which occasions an ulterior product. Unproductive fob beat 
consumption is, of course, that use which occasions no Kconoln y* 
ulterior product. The characteristic of unproductive 
consumption is, that it adds to the enjoyment of n» one “'* !u0 * ,0 “ 
but the consumer himself. Its only effect upon ih e n“n,«S"n. 
rest of the community is to diminish pro tanlo the mass 
of commodities applicable to their use. 

Some commodities are unsusceptible of any but unpro¬ 
ductive consumption ; suchare lace, embroidery, jewellery, 
and the other personal ornaments which are simply 
decorative, and afford neither warmth nor protect inn. 

Under this head may also be ranked tobacco and snuff, 
and the other stimulants, of which the best that can he 
said is, that they are not injurious. A much larger 
class of commodities is designed solely for productive 
use, and is never consumed unproductive))', but by mis¬ 
take. In this class are all tools, Irom the simplest to 
the most complicated; from the spade and the raft, to 
the steam engine and the Iiidiaman. But the generality 
of commodities may be used, according to the will of the 
proprietor, productively or unproductive!)'; may be 
consumed so as to substitute some product in lieu oi 
that which has been destroyed, or without any further 
beneficial result than the immediate pleasure which has 
accompanied their use. Whatever is capable of sup¬ 
porting human existence may be used to maintain those 
who are themselves producers, or those who are not. 

In the first ease it is productively, in the second unpro- 
ductively consumed. 

The distinction between productive and unproduc¬ 
tive consumers is less clearly marked than that between 
productive and unproductive consumption. To divide 
men into two classes, productive and unproductive con¬ 
sumers, would, in fact, be a false division, there being 
few w ho do not in some respects belong to boili classes. 

So far as a man's consumption is essential to bis pro¬ 
duction, he belongs to the first class; so fur as it is not 
essential, to the second. Those only can he called 
simply unproductive who return nothing whatever for 
what they consume ; those only simply productive who 
indulge in no superfluous consumption whatever. 

To the first description belong those who, being pro¬ 
vided, through their own previous exertions, or by the 
accidents of donation or inheritance, witli a fund suffi¬ 
cient for their subsistence, are content to dedicate their 
revenue and their leisure to the purposes of mere 
enjoyment. This class is never large in any state of 
society. In an ignorant, and consequently a poor com¬ 
munity, the number of those possessing a maintenance 
independent of exertion is necessarily small. Among 
civilized nations the love of accumulation, of power, of 
distinction, and of occupation, and the nobler desire of 
being more or less extensively useful, all powerfully 
counteract the slothful principles of our nature. As pro¬ 
perty becomes more secure, as the avenues to influence 
are opened, as merit and wealth rise in public estimation 
over the accidents of birth, as barbarous prejudices de¬ 
grading to industry wear out, as the influence of sound 
religion teaches men that they were created for better 
purposes than selfish pleasure or useless mortification, 
in fact, as civilization improves, all the motives to vo¬ 
luntary exertion acquire force. And though the num¬ 
ber of those who mrgAl live in idleness increases, the 
proportion of those who are unhappy enough to exercise 
that privilege diminishes. 

Another class consists of those who derive their 
support si ldy Irom the spoil or the clmrilv «>t others. 
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Political The number of those who live by rapine has ob- 
conomj, viously a tendency to diminish in the progress of civili- 
Productioi 7,a ^ on * About mendicancy there may be some doubt, 
nmlcon- as some superfluous wealth seems necessary to its 
sumption, existence, und it inay be supposed likely to increase 
with the superfluity on which it feeds. That laws ill 
framed or ill administered may allow it so to increase 
we know, from our own experience. But there seems 
to be no reason to doubt that, under a wise system 
of commercial and municipal legislation, the number 
of able-bodied paupers might be so reduced as to be 
practically unimportant. 

The lust class of unproductive consumers consists of 
those whom age or infirmity has rendered permanently 
incapable of production. VVe say pennant nlly, to exclude 
children, and those suffering under temporary disability. 
Though a child or an invalid make no immediate return, 
their support is the necessary condition of their future 
services. This is by far the largest of the unproductive 
classes, and one not likely to sufTer relative diminution, 
the same causes which tend to obviate disease and injury 
tending also to prolong life where their effects are in¬ 
curable. But from the information collected in the 
House of Commons' Report on Friendly Societies, 5th 
July, 1825, vol. iv., we are inclined to think that in 
this Country the class in question cannot amount to a 
fortieth part, or about two and a half per cent, of the 
whole community. 

The number of absolutely productive consumers, that 
is, of persons who consume solely for the purpose of re¬ 
producing, is much smaller. It may l>e a question in¬ 
deed whether in a Country free from slavery, or regu¬ 
lations resembling slavery, any such class is to be found. 
The humblest labourer has some expenses which are 
not essential to his health and strength. We endeavour 
to give to our domestic animals nothing beyond what is 
Strictly necessary, anti in the Countries where man is 
considered as a domestic animal it might lie expected 
that the consumption of a slave would be equally limited. 
But even the slave generally acquires some pcculium, 
which implies that his ordinary subsistence somewhat 
exceeds his wants. 

It appears from this analysis that the bulk of the com¬ 
munity are neither productive nor unproductive con¬ 
sumers, but may be referred to the one class or to the 
other, according to the portion of their expenses for the 
time being under consideration. So fur as the hus¬ 
bandman takes just enough of the least expensive food, 
is just sufficiently clad with the simplest raiment, and in¬ 
habits a dwelling just sufficiently weather-tight and spa¬ 
cious to protect him from the seasons, he is a productive 
consumer. . But his pipe and his gin, and generally 
speaking his beer, and the humble ornaments of his 
person and his dwelling, form his unproductive con¬ 
sumption. 

We do not, of course, mean it to be iuferred that all 
personal expenditure beyond mere necessaries is ne¬ 
cessarily unproductive. The duties of those who fill 
the higher ranks in society can seldom be well per¬ 
formed unless they conciliate the respect of the vulgar 
by a certain display of opulence. If a Judge, or an 
Ambassndor, required by his station to support an es¬ 
tablishment costing<£2000 a yeor, should spend .£4000, 
half of his consumption would be productive, and the 
other half unproductive. It would be a great mistake, 
however, to consider the third footman behind his coach, 
though a mere useless weight to the horses, an unpro- 
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duclive consumer. What the footman consumes are his Politics! 
wages, and, so fur at least as he consumes them in . ^°° onny ‘ 
order to enable himself to perform his services as foot- 
niau, he is a productive consumer. The things unpro¬ 
ductive^ consumed are bis services, and they are con¬ 
sumed by his master. Nor is it to be supposed, on the 
other baud, that all consumption even of necessaries by 
those who arc themselves producers, is a productive con¬ 
sumption. The half-employed pauper whose labour is 
worth £10 a year, und whose consumption is £20, con¬ 
sumes unproductively the difference. 

Having explained the nature of production and con- Instru- 
sumptiou, we. now proceed to consider the agents by nM '" t » of 
whose intervention production takes place. prodt c*n>n. 

Thg primary instruments of production are labour, I. Labour, 
mid those agents of, which nature, unaided by man, 
aflbrds us the assistance. 

Labour is the voluntary exertion of bodily or mental 
faculties for the purpose of production. It may appear 
unnecessary to define a term having a meaning so pre¬ 
cise and so generally understood. Peculiar notions 
respecting the causes of value have, however, led some 
Economists to employ the term labour in senses so 
different from its common acceptation, that for some 
time to come it will be dangerous to use the word with¬ 
out explanation. We have already observed that many 
recent writers have considered value as solely depend¬ 
ent on labour. When pressed to explain how wine in 
a cellar, or an oak in its progress from a sapling to a 
tree, could, on this principle, increase in value, they re¬ 
plied that they considered the improvement of the wine 
and the gronth of the tree os so much additional labour 
bestowed on each. Wc do not quite understand the 
meaning of this reply ; hut we have given a definition of 
labour, lest we should be supposed to include in it the. 
unassisted operations of nature. It may also be well to 
remind our readers that this definition excludes all those 
exertions which arc not inteuded, immediately or 
through their products, to be made the subjects of ex¬ 
change. A hired messenger, and a person walking for 
his amusement, a sportsman, and a gamekeeper, the 
ladies at an English ball, and a company of Natch 
girls in India, undergo the same fatigues; but ordinary 
language does not allow us to consider those as under¬ 
going lubour who exert themselves for the mere pur¬ 
pose of amusement. 

Under the term '* the agents offered to us by nature,” n. Natural 
or, to use a shorter expression, “ natural agents," we agu.in. 
include every productive agent so far as it does not 
derive its powers from the act of nmii. 

The term “ natural agent” is fur from being a conve¬ 
nient designation, but we have adopted it partly because 
it has been already made use of in this sense by eminent 
writers, and partly because wc have not been able to 
find one less objectionable. The principal of these 
agents is the land, with its mines, its rivers, its natural 
forests with their wild inhabitants, and, in short, oil its 
spontaneous productions. To these must be added the 
ocean, the atmosphere, light and heat, and even those 
physical laws, such as gravitation and electricity, by the 
knowledge of which we are able to vary the combina¬ 
tions of matter. All these productive agents iiave in 
general, by what appears to be au inconvenient synec¬ 
doche, been designated by the term land; partly because 
the land, as a source of profit, is the most important of 
those which are susceptible of appropriation, but chiefly 
because its possession generally curries with it the com. 
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Political mancl over most of the others. And it is to be remem- 
Economy. berod that, though the powers of nature are necessary to 
afford a substratum for the other instruments of produc- 
mentHof l ‘ on to wnr * < u P ( >n, they are not of themselves, wlien 
Production, universally accessible, causes of value. Limitation in 
supply is, as wc have seen, a necessary constituent of 
value; and what is universally accessible is practically 
unlimited in supply. 

III. Abiti- But although human labour, and the agency of na- 
nence. tore, independently of that of man, are the primary 
productive powers, they require the concurrence of a 
third productive principle to give to them complete 
efficiency. The most laborious population, inhabiting 
the most fertile territory, if they devoted all their 
lubour to the production of immediate results*, and 
consumed its produce as it arose,"would soon find their 
utmost exertions insufficient to produce even the mere 
necessaries of existence. 

To the third principle, or instrument of production, 
without which the two others are inefficient, we shall 
give the name of abstinence : a term by which wc ex¬ 
press tile conduct of a person who either abstains from 
the unproductive use of what he can command, or de¬ 
signedly prefers the production of remote to that of 
immediate results. 

It was to the effects of this third instrument of pro¬ 
duction that we adverted when we laid down, as the 
third of our elementary propositions, that the powers 
of labour and of the, other instruments which produce 
wealth may be. indefinitely increased by using their pro¬ 
ducts as the. means of further production. All our 
subsequent remarks oil abstinence are a developement 
and illustration of this proposition; we say develope¬ 
ment and illustration, because it can scarcely be said to 
require formal proof. 

The division of the instruments of production into 
three great branches has long been familiar to Econo¬ 
mists. Those branches they have generally termed 
labour, land, and capital. In the principle of this divi¬ 
sion we agree ; though we have substituted different 
expressions for the second and third branches. We 
have preferred the term natural agent to that of land, 
to avoid designating a whole genus by the name of one of 
its species : a practice which has occasioned the other 
cognate species to be generally slighted and often for- 
gotten. We have substituted the term abstinence for 
that of capital on different grounds. 

The term capital has been so variously defined that it 
may be doubtful whether it have any generally received 
meaning. We think, however, that, in popular accepta¬ 
tion, and in that of Economists themselves when they 
are not reminded of their definitions, that word signifies 
an article of wealth, the result of human exertion, em¬ 
ployed in the production or distribution of wealth. We 
say the result of human exertion, in order to exclude 
those productive instruments to which we have given the 
name of nutural agents, and which atford not profit, in 
the scientific sense of that word, but rent. 

It is evident that capital, thus defined, is not a 
simple productive instrument; it is in most cases the 
result of all the three productive instruments combined. 
Some natural agent must have afforded the material, 
some delay of enjoyment must in general have reserved 
it from unproductive use, and some labour must in 
general have been employed to prepare and preserve 
it. By the word abstinence, we wish to erpress that 
agent, distinct from labour and the. agency of nature, 
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the concurrence of which is necessary to the edslencc Political 
of capital, and which stands in the same relation Economy. 
to profit as labour does to wages. We are aware 
that we employ the word abstinence in a more extensive 
sense than is warranted by common usage. Attention i» Suction 
usually drawn to abstinence only when it is not united AUtieence* 
with labour. It is recognised instantly in the conduct 
of a man who allows a tree or a domestic animal to 
attain its full growth ; but it is less obvious when he 
plants the sapling or sows the seed corn. The obser¬ 
ver’s attention is occupied by the labour, and lie omits 
to consider the additional sacrifice made when labour is 
undergone for a distant object. This additional sacri¬ 
fice we comprehend under the term abstinence; not 
because abstinence is an unobjectionable expression 
for it, but because we have not been able to find one to 
which there are not still greater objections. We once 
thought of using “ providence but providence implies 
no self-denial, and has no necessary connection with 
profit. To take out an umbrella is provident, but not 
in the usual sense of the word profitable. We after¬ 
wards proposed “ frugality,” but frugality implies some 
care and attention, that is to say, some labour; and 
though in practice abstinence is almost always accom¬ 
panied by some degree of labour, it is obviously neces¬ 
sary to keep them separate in an analysis of the instru¬ 
ments of production. 

It may be said that pure abstinence, being a mere 
negation, cannot produce positive effects ; the same re¬ 
mark might as well be applied to intrepidity, or even to 
liberty, but who ever objected to their being considered 
as equivalent to active agents? To abstain from the en¬ 
joyment which is in our power, or to seek distant rather 
than immediate results, are among the most painful ex¬ 
ertions of the human will. It is true that such exertions 
are made, and indeed are frequent in every stale of society, 
except perhaps in the very lowest, and have been made in 
the very lowest, for society could not otherwise have im¬ 
proved; but of all the means by which man can be raised 
in the scale of being, uhstinence, as it is perhaps the most 
effective, is the slowest in its increase, and the least ge¬ 
nerally diffused. Among nations those that are the least 
civilized, and among the different classes of the same 
nation those which are the worst educated, are always 
the most improvident, and consequently the least ab¬ 
stinent. 

We have already defined capital to be an article of Capital, 
wealth, the result of human exertion, employed in the 
production or distribution of wealth, and we have ob¬ 
served that each individual article of capital is in general 
the result of a combination of all the three great instru¬ 
ments of production—labour, abstinence, and the agency 
of nature. 

When a man has possessed himself of any article of 
wealth, and resolves to employ it, not for the mere 
purposes of enjoyment, but as capital, or, in other words, 
as a means of furlhcr production, or of distribution, there 
appear to be eight modes in which his design may be 
e fleeted. 

1. He may intentionally destroy it, in order to obtain 
the effects which are the direct consequences ol'its destruc¬ 
tion. The consumption of gunpowder in a mine, and of 
coals in the furnace of a steam-engine, alibi (1 instances. 

The food which every producer must consume in order 
to keep himself in the health and strength necessary 
to enable him to continue a pioduccr is also thus con¬ 
sumed. 
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Eccm ioy ma y retain it and employ it for purposes of 

. ol “ 0Hiy ; which its gradual destruction is the incidental but not 
In&tru- the intended, or, in all cases, the necessary consequence, 
menta of All implements and machinery are thus employed. 
Production, 3. He may vary its form, as when materials arc con- 
Capital. verted into finished commodities. 

4. lie may simply retain it until its value has been 
increased by changes occasioned by the lapse of time, 
or by an altered state of the market. The proprietor of 
a vineyard who, immediately after an abundant vintage, 
retains his wine, aims at both these advantages. 

5. He may keep it ready for sale to meet the wants 
of his customers. A shopkeeper’s finished articles or 
stock in trade are thus employed. 

6. lie may give it to the proprietor of some natural 
agent for the use of that agent; as when a farmer pays 
rent to his landlord. 

7. He may give it to a labourer in exchange for his 
exertions ; or, in other words, he may employ it in the 
payment of wages. 

8. He may give it in exchange for some other com¬ 
modity, to he itself employed as capital; or, in other 
words, he may use it commercially. 

Most capitalists employ portions of their capital in all 
these eight inodes. 

If wc suppose a wine retailer’s capital to consist of 
the knowledge which he has acquired during his educa¬ 
tion for his business, of the warehouse anti the simple 
machinery necessary to his trade, of the slock of com¬ 
modities necessary for his own current consumption, 
and of one hundred pipes of wine in wood ami in 
bottle, we shall find that his knowledge, and machinery, 
and necessaries are destroyed without ever being directly 
exchanged: the otilydifTerencc being, first, thuthis know¬ 
ledge remains unimpaired until either his death or his 
retirement from business makes it suddenly valueless, 
while his buildings, and machinery, anti clothes, furniture, 
and food are consumed and replaced at successive 
periods ; and, secondly, that the destruction of his food 
is immediate, and that of his buildings, machinery, fur¬ 
niture, and clothing is gradual. We shall find that of 
the wine he retains a portion until it shall have been 
improved by age, and keeps a portion as stock in trade 
ready for immediate sale, but ultimately sells the whole 
and pays away its price, partly in rent for the laud 
covered by his buildings, partly in wages to his clerks, 
porters, shopmen, and other labourers, partly in keeping 
up his buddings and machinery, ami partly in the re¬ 
purchase of wine, bottles, and corks to keep up the stock 
in his warehouse and shop. What remains of the price 
of h is wine, and something must remain, or he would 
be in a worse situation than one of his own labourers, 
is generally termed his •profit: a part of it be must 
employ in replacing the stock of commodities necessary 
to keep himself in health and strength; the remainder 
he may employ either in his own personal enjoyment 
and that of his friends, which is an unproductive use, 
or in the increase of bis own capital, or in creating a 
capital for some other person, in the education, for 
instance, of his son, which aTe productive uses. 

Adam 9mith has divided capital into fixed and circu¬ 
lating. 

“ There are two ways,’’ he observes, “ in which a 
capital may be employed so as to yield a revenue or 
profit. 

“ First, it may be employed in raising, manufactur¬ 
ing, or purchasing goods, and selling them again with a 


profit. The capital employed in this manner yields no Political 
revenue or profit to its employer while it either remains ^ nomy, 
in his possession or continues in the same shape. The 
goods of the merchant yield him no revenue or profit men ^ 0 f 
till he sells them for money, and the money yields him Production! 
as little till it is again exchanged for goods. His Capital, 
capital is continually going from him in one shape, and 
returning to him in another, and it is only by means of 
such circulation, or successive exchanges, that it can 
yield him any profit. Such capitals, therefore, may 
properly be culled circulating capitals. 

“ Secondly, it may be employed iu the improvement 
of land, in the purchase of useful machines and imple¬ 
ments of trade, or in such like things ns yield a revenue 
or profit without changing masters or circulating any 
further. Such capitals, therefore, may properly be 
called fixed capitals. 

“ The capital of a merchant is altogether a circulating 
capital. He has occasion for no machines or instru¬ 
ments of trade, unless his shop or warehouse be con¬ 
sidered as such. 

“ Some part of the capital of every master artificer 
or manufacturer must be fixed in the instruments of his 
trade. This part, however, is very small in some, and 
very large in others. A master tailor requires no other 
instruments of trade than a parcel of needles; those 
of a master shoemaker are u little, though but a little, 
morp expensive. 

“ In other works a much greater fixed capital is re¬ 
quired. In a great iron work, for example, (he furnace, 
the forge, the slit mill, are instruments of trnde which 
cannot be erected without a very great expense. That 
part of (he capital of the (aimer which is employed ill 
the instruments of agriculture is u fixed, that which is 
employed in the wages and maintenance of his labour¬ 
ing servants is a circulating, capital, lie makes a profit 
of the one by keeping it in his own possession, and of 
the other by parting with it. A herd of cattle, bought 
in to make u profit by their milk and increase, is a fixed 
capital; the profit is made by keeping them. Their 
maintenance is a circulating capital; the profit is made 
by parting with it.” Hook ii. eh. i. 

We are not aware that the principle of Adam Smith’s 
division has ever beeu directly objected to. There inay 
be some doubt, perhaps, whether the terms fixed and 
circulating are the best that could have been selected ; 
but Adam Smith has stamped on them the meaning which 
he intended, and they have passed current in that signi¬ 
fication ever since. 

Mr. Ricardo, however, with the inattention to esta¬ 
blished usage which so much diminishes the usefulness 
of his writings, has used the terms fixed and circulating 
capital in a totally different sense. In this he has been 
followed by Mr. Mill; and as neither of these writers 
intimates that liis use of the words is not the common 
on .-, it may be well to mark the difference. 

“ According as capital is rapidly perishable,” says 
Mr. Ricardo, “ and requires to be frequently repro¬ 
duced, or isaof slow consumption, it is classed under the 
heads of circulating or of fixed capital: a division not 
essential, and in which the line of demarcation cannot 
be accurately drawn. A brewer, whose buildings and 
machinery are valuable and durable, is said to employ 
a large portion of fixed capital; on the contrary, a shoe¬ 
maker, whose capital is chiefly employed in the payment 
of wages, which are expended on food and clothing, com¬ 
modities more perishable than buildings and machinery. 
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is said to employ u large proportion of capital as circu¬ 
lating capital. Ch. i. sec. 4. 

M r. Ricardo might well remark that the line of de¬ 
marcation between his two sorts of cupital cannot be 
accurately drawn; for what can lie more vague, or more 
void of positive meaning, than such comparative terms as 
slow and rapid ? The singular circumstance is that botli 
he aud Mr. Mill should have supposed, and it appears 
clear that they did suppose, that their division followed 
that of Adam Smith. It is obviously a cross division. 
The master tailor's needles which Adam Smith selects 


as an example of fixed capital, because the tailor retains 
them, would, according to Mr. Ricardo, he circulating, 
because they are perishable. On the other hand, the 
materials and stock in trade of au iron founder would 
be circulating capital according to Smith, and fixed 
according to Ricardo, 

We may be able to make the nature of capital, aud 
Adam Smith’s conception of it, still clearer by quoting 
his subdivision of fixed and circulating capitals. 

“ Fixed capital,” he says, “ consists chiefly of the 
four following articles: 

*' First, of ull useful machines and instruments of 


The things which appear to he improperly excluded Pofifica! 
are, first, the necessaries of life, consumed by the Economy, 
labourer and the capitalist for their own support; and, v — 
secondly, the houses aud other commodities of slow con- ,!istru - 
sumption which the owner lets out to the consumer. Production 
Adam Smith can scarcely be said to have explained his Capital.* 
reason for excluding from the term capital the neces¬ 
saries in the possession of the labourer, lie merely 
observes that the labourer consumes as sparingly as he 
can, and derives his revenue only from his h.huitr. The 


attention of Mr. Malthus has been drawn to the subject; 
he agrees in this respect witli Adam Smith, and on the 
following grounds: 

“ The only productive consumption, properly so called, 
is the consumption or destruction of wealth bv capitalists 
with a view to reproduction. This is the only marked 
line of distinction which can lie drawn between produc¬ 
tive and unproductive consumption. The workmen whom 


the capitalist employs consumes that part of his wages 
which he does not save, as revenue, with a view to sub¬ 


sistence or enjoyment; and not as capital with a view 
to production.’’ Definitions , p. 2 jS. 


Mr. Malthus would admit that the coals in the furnace 


trade which facilitate aud abridge labour. 

“ Secondly, of all buildings used for the purpose of 
trade or manufacture ; such as shops, warehouses, aud 
fai m-buildings. &e. They are a sort of instruments of 
trade, and may be considered in the same light. 

“ Thr.dly, of the improvements of laud, of what has 
been piofitably laid out in clearing, draining, enclosing, 
manuring, and reducing it into the condition most 
proper lor culture. Au improved farm may be regarded 
in the same light as one of those useful machines which 
facilitate and abridge labour. 

“ Fourthly, of the acquired and useful abilities of 
all the members of the society. The acquisition of such 
talents by the maintenance of the acquirer doling his 
education, study, or apprenticeship, costs an expense, 
which is a capital fixed and realized, as it were, in his 
person. The improved dexterity of a workman may be 
considered in the same light as a machine or instrument 
of trade which facilitates aud abridges labour. 

“ The circulating capital is composed likewise of four 
parts: 

“ First, of the money by means of which all the 
other three are circulated and distributed to their proper 
consumers. 


of a steam-engine are productively employed ; because 
their consumption is the necessary condition to the 
engine's performing its work. And in what does the 
consumption of food by a labourer differ from that of 
coals by a steam-engine V Simply in this, that the 
labourer derives pleasure from what he consumes, and. 
the steam-engine does not. If a labourer were so con¬ 
stituted as to feel no craving for food, and no gratifica¬ 
tion from eating, and were reminded of its necessity 
only by the debility consequent on its want, would not 
his meals, taken as they would be solely to enable him 
to undergo his fatigues, be productively consumed ? 
Nature has wisely enforced an act of daily necessity by 
the stimulus of hunger, and the reward of enjoyment, 
but do that stimulus and enjoyment detract from its 
productiveness? Is the ploughman's dinner less the 
means of his toils because he considers it as their end ? 
Is not the food of working cattle productively employed? 
Does not the owner of a West Indian estate consider the 
supplies which lie sends to his slaves us a capital destined 
to productive consumption ? 

Adam Smith has stated at length his reasons for ex¬ 
cluding from the term capital the houses aud other 
articles which the owner lets out to the consumer. 


** Secondly, of Che stock of provisions itt the possession “ One portion,” he stales, “ of the stock of a society 

of the butcher, the grazier. Ac., for the purpose of sale, is reserved for imnied.ate consumption, of which the 
“ Thirdly, of the materials, whether altogether rude characteristic is that it affords no revenue or profit. The 
or more or less manufactured, of clothes, furniture, aud whole stock of mere dwelling-houses makes a part of 
building, which are not yet made up, but remain in the this portion. If a house be let to a tenant, as the house 
hands of the growers, manufacturers, or merchants. itself can produce nothing, the tenant must pay the rent 

“ Fourthly, of the work which is made up and com- out of some other revenue which he derives either ft mu 
pleled, but is still in tiie hands of the merchant or nianu- labour, or stock, or land. Where masquerades arc 
facturer; such as the finished work in the sltops of common, it is a trade to let out dresses for the night, 
the smith, the gold-mith, the jeweller, and the china Upholsterers frequently let furniture by the month or 
merchant. The circulating cupital consists, in this the year. The revenue, however, which is derived lrmn 
manner, of the provisions, materials, and finished work of such things must always be ultimately derived Irmn 
all kinds which arc in the hands of thefr respective some other source of revenue. A stock of clothes muy 
deulers, and of the money that is necessary for cireulat- last fur several years; a stock of furniture half a century 
ing ami distributing them to their final consumers." or a century; but a stock of houses, well built and pro- 
Bonk ii. c. i. pcrly taken care of, may last many centuries. Thong It 

This enumeration contains, perhaps, some useless dis- the period of their total consumption, however, is more 
tinctions, and, we think, two improper exclusions, but, distant, they are still as really a stock reserved lor im- 
generully speaking, it gives an excellent view of the mediate consumption as either clothes or furniture, 
different species of capital. Hook ii. ch. i. 

Y 2 
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Political This language would have been consistent if Adam 
Kconomy. Smith, like most of his successors, had coniined the term 
■■"v"™"' capital to the instruments of further consumption. But 
In *nts*of we ^“ ve seeu t * 1at he includes under that term things 
Production, incapable of productive consumption, if they have not 
Capital. reached the hands of those who are finally to use them. 

If a diamond necklace in a jeweller’s shop be correctly 
termed capital, and Adam Smith has expressly stated that 
it is so, why is not a house which has been just finished 
by aspeculalivebuilder? It is difficult to perceive why he 
should have laid so much stress on the perishubleness of 
the tilings in question. Perishableness and durability 
arc not elements in the distinction between what is and 
what is not to be correctly termed capital. Many of the 
things which arc used productively urc of almost evanes¬ 
cent existence, such as the gas which lights a manufac¬ 
tory. On the other hand, the jewels of a noble fitmily 
are not capital, though no limits can be assigned to their 
duration. It is at least conceivable that a house might 
be built so as not to require repair, and would this 
circumstance affect the question ? In fact, however, 
the perishubleness of these things is unfavourable to Adain 
Smith's view, as it shows their resemblance to things 
which he has admitted to be capital. A cellar of wine 
at a tavern-keeper's falls under his third class of circu¬ 
lating capitals; gradually the cellar is emptied, and 
when the lust buttle has been drunk the capital is at an 
end. A house let ready furnished, a circulating library, 
a job carriage, a stage-coach, or a steam-packet, differs 
from the cellar of wine only because the pi ogress of its 
consumption is less capable of being meiisii ed. Every 
day Unit it is used a portion wears uway ; and that por¬ 
tion is as much purchased and as much consumed by 
the hirer of the house or the carriage as the bottle of 
wine taken from the cellar. It is true that it may be 
consumed nnprodiictively, and that ill that case tile hirer 
must pay the rent from some other revenue, as is the 
case with the price of whatever is unproductively con¬ 
sumed. Qulthc portion of the bouse and furniture and 
carriage, for the time being uticunsumed, is as much the 
capital, in the sense in which Adam Smi'h uses that word, 
ofthc upholsterer and the huckneyman.asthe uiiconsumcd 
portion of the wine is the capital of the tavern-keeper. 

Capital may again be divided, according to the pur¬ 
poses to which it is applicable, into reproductive, simply 
productive, and unproductive. 

We apply the term reproductive to all those articles of 
wealth which may he used to produce things of the 
same kind with themselves. All agricultural stock is 
reproductive; and so are all the necessaries of life. 
That portion of them which is consumed by the capital¬ 
ists and labourers employed in producing necessaries is 
one of the means by which the regular supply is kept 
up. The coals in the lurnace of a steam-engine used in 
working a coal mine, the iron instruments in an iron 
work, and a ship freighted with timber and naval stores 
ore all rcproductively employed. 

We apply the term simply productive to those articles 
of wealth which, though instruments of production, can. 
not be employed in producing things of the same kind 
with themselves. A lace machine is simply productive. 
Its use is to make lace, but that lace cannot be employed 
to make a new machine. All the tools and machinery 
employed in the production of those things which can¬ 
not be productively consumed are themselves simply 
productive. 

We apply the term unproductive or distributive 


capital to those commodities which are destined to un- t'ubtical 
productive use, but have not become the property of those . c0 ^ ’ , 
who arc to be their ultimate consumers. Imtru. 

A very great portion, perhaps the greater portion in nicuts of 
value, of the commodities produced in an improved slate Production, 
of society, (all under this head at their first production. Capital. 

We have already observed that, in every state of society, 
the number of absolutely unproductive consumers is 
small, and the number of absolutely productive con¬ 
sumers still smaller. But as wealth increases every 
man increases his unproductive consumption, until the 
whole amount in the whole society of such consumption 
may, and often does, exceed the whole amount of pro¬ 
ductive consumption. If we look through the shops of 
an optilent city we shall find the commodities destined 
to mere enjoyment far. exceeding in value those destined 
to be employed in further production. 

Some of Adam Smith’s successors have excluded the 
things of which we are now speaking from the trim 
capital. We have followed his example in including 
them, lor two reasons. 

First, because their exclusion is an unnecessary devia¬ 
tion from ordinary language. To say that a jeweller, 
with £50,000 worth of diamond ornaments in his shop, 
had no capital, would be an assertion of which few 
hearers would be able to guess the meaning. 

But, in the second place, if it were possible to do, 
what certainly is much wanted, to form a new technical 
nomenclature for Political Economy, still we should 
include under the term capital the commodities in ques¬ 
tion. All Economists include under that term the ma¬ 
terials and the instruments with which these commo¬ 
dities are formed. If the rough diamond and the gold 
in which it is to be set ore capital while separate, it 
seems difficult to see what convenience there is in a 
nomciiclutiiic which denies them to be capital when 
united. Again, no Economist will doubt that a profit is 
received in proportion to the average time during 
winch the commodities in question are retained by the 
capitalist. Why this profit is paid we shall endea¬ 
vour to show hereafter, but the fact that it is paid 
may be assumed as unquestioned. But Economists are 
agreed that whatever gives a profit is properly termed 
capital. 

The principal advantages derived from abstinence, or, 
to express the same idea in more familiar language, from 
the use of capital, are two: first the use of implements; 
and second the division of labour. 

Implements, or tools, or machines (words which ex¬ 
press things perhaps slightly different in some respects, 
but precisely similar so far as they arc the subjects of 
Political Economy) have been divided into those which 
produce power, and those which trausinit power. Under 
the first head are comprehended those which produce 
■notion independently of human labour. Such ate, for 
instance, those machines which arc worked by the force 
of wind, of water, or of steam. 

The second head comprises what arc usually termed 
tools, such ( us the spade, the hammer, or the knife 
which assist the force, or save the time of the workman, 
but receive their impulse from his hand. 

To these two classes a third must be added, including 
all those instruments which are not intended to pro¬ 
duce or transmit motion, using that word in its popular 
sense. This class includes many things to which the 
name of implement, tool, or machine is not gencrully 
applied. A piece of land prepared for tillage, and the 
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Political corn with which it is to be sown, are among the imple- 
Economy. men t 8 by whose use the harvest is produced. Books 
v —■'v—■* / and manuscripts are implements more productive than 
mentsof those invented by Arkwright or Brunei. Again, many 
Production, of the things which popularly are called implements. 
Capital. such as the telescope, have no reference to motion; and 
others, such as a chain, or an anchor, or indeed any fast¬ 
ening whatever, are intended not to produce or trans¬ 
mit, but to prevent it. 

The instruments which derive their impulse from the 
person who works them are in general of a simple de¬ 
scription, and some of them are to be met with in the 
rudest state of human society. The first subsistence 
offered by nature to the savage consists of the brutes 
around him; but some instruments beyond the weapons 
which she has given to him must enable him to take 
advantage of her bounty. 

It will be observed that we consider the use of all 
implements as implying an exercise of abstinence, using 
that word in our extended sense as comprehending all 
preference of remote to immediate results. In civilized 
society this appears to be stiictly true. It is obviously 
true as (o the vsr of all those instruments and materials 
which inay be uSed at will, either for the purpose of pre¬ 
sent enjoyment, or for that of further production, such, 
for example, as the greater part of agricultural stock. 
It is equally true as to the making of all those imple¬ 
ments which are incapable of any but productive use, 
such as tools and machinery in the popular acceptation 
of those* words. In an improved state of society, the 
commonest tool is the result of the labour of previous 
years, perhaps of previous centuries. A carpenter’s tools 
are among the simplest that occur to us. But what a 
sacrifice of present enjoyment must have been under¬ 
gone by the capitalist who first opened the mine of 
which the carpenter's nails and hammer arc the product! 
How much labour directed to distant results must have 
been employed by those who formed the instruments 
with which that mine was worked! In fact, when we 
consider that all tools, except the rude instruments of 
savage life, are themselves the product of earlier tools, 
we may conclude that there is not a nail, among the 
many millions annually fabricated in England, which is 
not to a certain degree the product of some labour lor 
the purpose of obtaining a distant result, or, in our no¬ 
menclature, of some abstinence undergone before the 
Conquest, or perhaps before the Heptarchy. 

The suinc remark applies to the acquired abilities 
which Adam Smith has properly considered a capital 
fixed and realized in the person of their possessor. In 
many cases they are the result of long previous exertion 
and expense on his own part; exertion and expense 
which might have been directed to the obtaining objects 
of immediate enjoyment, but which have, in fact, been 
undergone solely in the hope of a distant reward. And 
in almost all cases they imply much expense, and con¬ 
sequently much sacrifice of immediate enjoyment on the 
part of parents or guardians.' The maintenance of a 
boy during the first eight or nine years gf his life is 
indeed an unavoidable burthen, and therefore cannot be 
considered a sacrifice. Bat almost all that is expended 
on him ailer that age is voluntary. At nine or ten lie 
might earn a maintenance in an agricultural, and more 
than a bare maintenance in a manufacturing employ¬ 
ment, and at twenty-one obtain better wages than at 
any subsequent period of his life. But even the lowest 
department of skilled labour is in general inaccessible 


except at an expense very great, when we consider by Political 
whom it is to be borne ; XT 5 or £2i) is a low apprentice E«mon>y* 
fee, but amounts to half the average annual income of ■' 

an agricultural family. The greater part of the re- Inrtru * 
numeration for skilled labour is the reward for the ah- p r C "a‘ctLu 
stinence implied by a considerable expenditure on the Capital, 
labourer’s education. 

We must admit, however, that this reasoning does not 
apply to society in that rude state which is not perhaps 
within the scope of Political Economy. The savage 
seldom employs in making his bow or his dart time 
which he could devote to the obtaining of any object of 
immediate enjoyment. He exercises therefore labour 
and providence, but not abstinence, 'l’he first step in 
improvement, the rise from the hunting and fishing to 
the pastoral slate, implies an exercise of abstinence. 

Much more abstinence, or, in other words, a much 
greater use of capital, is required for the transition from 
the pastoral to the agricultural state; and an nmoiiut 
not only still greater, but constantly increasing, is ne¬ 
cessary to the prosperity of manufactures and com¬ 
merce. An agricultural Country can remain stationary; 
a commercial and manufacturing one cannot. The 
capital which fifty years ago enabled England to be 
the first of commercial and manufacturing nations was 
probably far inferior in extent and efficiency to that 
now possessed by France, or even to that of the late 
Kingdom of the Netherlands. If our capital bad re¬ 
mained stationary, we should have sunk to a second or 
third rate power. The same consequence might now 
follow if commercial restraints, or the waste of a long 
war, should check the increase of our present capital, 
while that of our rivals should continue progressive. 

Having shown the connection between abstinence 
and the employment, of implements, the next thing to 
be considered is the advantage which the use of imple¬ 
ments affords. This subject, however, we shall pass over 
very briefly; partly because an attempt to give any thing 
like an adequate account of it, however concise, would 
far exceed the limits of this Treatise ; partly because the 
subject has been considered at some length in the Ar¬ 
ticles inthis Encyclopedia on Much \nics aiulMsxupvc- 
TL'hf.s ; and partly because we believe all our readers 
to be aware that the powers of man are prodigiously in¬ 
creased by the use of implements, though probably no 
man ever had, or ever will have, sufficient knowledge 
of details and perception of their relations and con¬ 
sequences, to estimate the whole amount of that in¬ 
crease. A tew remarks on those instruments which 
produce motion, or, as it is technically termed, power, 
are all that we can venture on. 

The superior productiveness of modern compared u i’ll 
ancient labour depends, perhaps, principally on the use of 
these instruments. We doubt whether all the exertions of 
all the inhabitants of the Homan Einpiic, if exclusively 
directed to the manufacture of cotton goods, could, in a 
whole generation, have produced as great a quantity as 
is produced every year by a portion of the inhabitants 
of Lancashire ; and we are sure that the produce would 
have been generally inferior in quality. Tin* only 
moving powers employed by the Greeks or Homans 
were the lower aniniuls, water, and wind. And even 
these powers they used very sparingly. They scarcely 
used wind except to assist their merchant vc-seis in a 
timid coasting; they used rivers as they found them, 
for the purposes of communication, but did not connect 
them by canals; they used horses only for burthen and 
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Political draught, and the latter without the assistance of springs. 

Kconomy. They made little use of thut powerful machine to which 
v*"*"' we give the genera) name of a mil), in which a single 
mints'"of shalt, turning under the impulse of animal power, or 

Production. w '»d, or water, or steam, enables a child to apply a 
Capital, force equal sometimes to that of a thousand workmen. 

A ship of the line under full sail has been called the 
noblest exhibition of human power: it is, perhaps, the 
most beautiful. Butifdumiuion over mutter, if the power 
of directing inanimate substances, at the same time to 
exert the most tremendous energy, anil to perform the 
most delicate operations, be the test, that dominion and 
power are no where so strikingly shown as in a large 
cotton manufactory. One of the most complete which 
we have seen is that constructed by the late Mr. Mars- 
land at Stockport; and, as it exhibits very strikingly 
both the power and the inanageableness of machinery, 
it may be worth while to give a short description of it, 
as we saw it in 1S25. 

Mr. Marsluiid was the proprietor of the Mersey for 
about a mile of its course, and of a tongue of land which 
two reaches of the river form into a peninsula. Through 
the isthmus of this peninsula he bored a tunnel suffi¬ 
cient to receive seven wheels of large diameter, and to 
give passage to enough of the river to turn them ; these 
wheels communicated rotatory motion to perpendicular 
shufis; and the perpendicular shafts communicated the 
same motion to numerous horizontal shafts connected with 
them by pinions. Each horizontal shaft ran helow the 
ceiling of a work-room more than a hundred-feet long. 
The buildings connected with the wheels worked by the 
river contained six or seven stories of vvork-rooins, each 
supplied with its horizontal shaft. The rotatory motion 
was carried on from each horizontal shaft by means of 
small solid wheels called drums, affixed to the principal 
shaft of each detached piece of machinery, and connected 
with the great horizontal shaft of the work-room by a 
leathern strap. Many of these rooms were not occupied 
by Mr. Marsland himself. lie let out, by the hour, the 
day, or the week, a certain portion of the floor of a work¬ 
room, and the liberty to make use of a certain portion of 
the horizontal shaft. The tenant placed his own ma¬ 
chinery on the floor,connected its drum with the shalt that 
revolved rapidly above, and instantly saw his own small 
mechanical world, with its system of wheels, rollers, and 
spindles, in full activity, pvtforining its motions with a 
quickness, a regularity, and, above all, a perseverance, 
far beyond the exertions of man. fn the operation of 
machinery, power, like mutter, seems susceptible of in¬ 
definite aggregation and of indefinite subdivision. In 
the peiformance of some of its duties the machinery 
moved at a rule almost formidable, in others at one 
scarcely perceptible. It took hold of the cotton of 
which a neckcloth was to be made, cleaned it. arranged 
its fibres longitudinally, twisted them into a strong and 
continuous thread, and finally wove that thread into 
muslin. It took the wool of which a coal was to be 
made, and, alter subjecting it to processes more nume¬ 
rous than those which cotton cx|>erienccs, at last wove 
it into cloth. For thousands of years, in fact from the 
last great convulsion which traced the course of the 
river, until Mr. Marsland bored his tunnel, had the 
Mersey been wasting all the energy that now works so 
obediently. 

One of the most striking qualities of machinery Is its 
susceptibility of indefinite improvement. On looking 
through the instructive evidence collected by the Com¬ 


mittee on Artisans and Machinery, (1824,) it will be Political 
found thut nothing is more impressed on the minds of Ecolll)m y- 
the witnesses than the constant tide of improvement, 
rendering obsolete in a very few years alt that might meuU 0 f 
have beeu supposed to be perfect Production. 

Mr. floldaworth, a spinner and machine-maker at Capital. 
Glasgow, states that the best mills at Glasgow are equal 
to the best mills at Manchester erected three or fimr 
years before. Mr. Holdsworth’s history of his own 
proceedings will illustrate many of the previous observa¬ 
tions. 

He is asked whether he got his machinery from Man¬ 
chester when he first commenced business. He replies: 

“ I did not; I contemplated making it myself, and made 
the attempt, but there was so much difficulty in getting 
good workmen, and the expense of tools was so serious, 
that I desisted. I then selected a well-qualitied young 
mechanic, and engager! him to make it for me. i gave 
over to him my patterns and my plans, and he executed 
well the machinery required in the first null. Two 
years after 1 built a second mill, the machinery of which 
was also executed by him. After two years more l 
built a third and a larger mill, the machinery of which 
I marie myself.” • 

He is asked why he made the last machinery himself, 
and replies: 

“ In the first place that machine maker was very 
busy;” (it appears, subsequently, that, at the time of the 
examination, that maker could not have taken an order 
to execute any part of it tinder sixteen months, ami thut 
there were then eight or nine mills wailing for machine! y, 
some of which hud beeu ready for twelve months, and 
had only a small part of their machinery, and others 
hud been ready six mouths anti were empty :) “ and as 
machine makers do not like to alter their plans, 1 could 
not prevail upon him to execute the improvements then 
recently made in Manchester.'’ Filth Report, p. 378. 

Mr. J. Dunlop is asked (p. 473) how tar he consi¬ 
ders tlie Atnericun factories behind those of Glasgow. 

He replies, about thirty years. lie goes on to state thut 
they are in a progressive slate, and the men very active 
and industrious. He is then asked whether, “ suppos¬ 
ing English machinery transported to America, with the 
assistance of English foremen, lie does nut think the 
population of America would soon be taught to work in 
their factories equally to the men of this Country 1” 

He answers, “ Yes, I think they would ; but before they 
could acquire that we should be ahead of them a long 
way again. I reason comparing Scotland with Eng¬ 
land. We began the business of cotton-spinning later, 
we were of course lie hind, and we have always been 
behind; we have never been able to get up, aud I be¬ 
lieve never will.” 

Sixty years form a short period in the history of a 
nation ; yet what chauges in the state of England and 
the Southern parts of Scotland have the steam-engine 
and the cotton machinery effected within the last sixty 
years. They have almost doubled the population, more 
than double;} the wages of labour, and nearly trebled 
the rent of land. They enabled us to endure, not cer¬ 
tainly without inconvenience, but yet to endure, a public 
debt more than trebled, and a taxation more than quad¬ 
rupled. They changed us from exporters to importers 
of raw produce, and consequently changed our corn laws 
from a bounty on exportation to nearly a prohibition of 
importation. They have clad the whole world with a 
light and warm clothing, and made it so easy of ac- 
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Political qni.sition that we are perhaps scarcely aware of the 
Economy, whole enjoyment that it affords. 

There appears no reason, unless that reason be to be 
lustru- found among our own commercial institutions, why the 
Production i m P roveme " ts •i le next sixty years should not equal 
Capital. those of the preceding. The cotton machinery is far 
from perfection; the evidence which we have quoted 
Bhows that it receives daily improvements; and the 
steam-engine is in its infancy: its first application to 
vessels is within our recollection; its application to 
carriages has scarcely commenced ; and it is probable 
• that many other powers of equal efficiency lie still un¬ 

discovered among the secrets of nature, or, if known, are 
» still unapplied. There are doubtless at this instant in¬ 
numerable productive instruments known but disregarded 
because separately they are inefficient, and the effect of 
their combination has not been perceived. Printing 
and paper are both of high antiquity. Printing was 
probably known to the Greeks; it certainly was prac¬ 
tised by the Romans, us loaves of brend stamped with 
the baker’s initials have been found in Potnpeii. And 
paper has been used in China from times immemorial. 
But these instruments separately were of little value. 
While so expensive a commodity as parchment, or so 
brittle a one as the papyrus, were the best materials for 
books, the sale of a number of good copies sufficient to 
pay the expense of printing could not lie relied on. 
Pa|ier without printing was more useful than printing 
without paper; but the mere labour necessary to con¬ 
stant transcription, even supposing the materials to be 
of no value, would have been such as still to leave books 
an expensive luxury. But the combination of these 
two instruments, each separately of little utility, lias 
always been considered the most important invention in 
the history of man. 

Tile second of the two principal advantages derived 
from abstinence, or, in other words, from the use of 
capital, is the division of labour. 

We have already observed that division of produc¬ 
tion would have been a more convenient expression than 
division of labour; but Adam Smith’s authority has 
given such currency to the term division of labour, thnt 
wc shall continue to employ it, using it, however, in the 
extended sense in which it appears to have been used 
by Aduni Smith. We say appears to have been used, 
because Smith, with his habitual negligence of precision, 
has given no formal explanation of his meaning. But 
in the latter part of his celebrated first chapter, he ap¬ 
pears to include among the advantages derived from the 
division of labour all those derived from internal and 
external commerce. It is clear, therefore, that, by divi¬ 
sion of labour, lie meant division of production, or, in 
other words, the confining as much as possible each dis¬ 
tinct producer and each distinct class of producers to 
operations of a single kind, . 

The advantages derived from the division of labour 
are attributed by Smith to three different circumstances. 
“First, to the increase of dexterity itt every particular 
workman; secondly, to the saving of the tipie which is 
commonly lost in passing from one species of work to 
another; and lastly, to the invention of a great number 
of machines which facilitate and abridge labour, and 
enable one man to do the work of many.” 

Smith waa the first writer, who laid much stress on 
the division of labour. The force and the variety of the 
examples by which he has illustrated it make the first 
chapter perhaps the moat amusing and the best known 


in his whole Work. But, like most of those who have Pttlitiral 
discovered a new principle, he has in some respects K “ nom y. 
overstated, and in others understated, its effects. His 
remark, “ that the invention of all those machines by Inslm ‘ 
which labour is so much facilitated and abridged seems Pr^dfon 
to have been originally owing to'the division of labour,” Capital, ' 
is tqg general. Many of our most useful implements 
have been invented by persons neither mechanics by 
profession, nor themselves employed in the operations 
which those implements facilitate. Arkwright was, as 
is well known, a barber; the inventor of the power- 
loom is a clergyman. Perhaps it would be a nearer ap¬ 
proach to truth if we were to say that the division of 
labour has been occasioned by the use of implements. 

In a rude state of Society, every man possesses, and 
every man can manage, every sort of instrument. In 
an advanced state, when expensive machinery and an 
almost infinite variety of tools have superseded the few 
and simple implements of savage life, those only can 
profitably employ themselves in any branch of manufac¬ 
ture who can obtain the aid of the machinery, and have 
been trained to use the tools, by which its processes are 
facilitated; and the division of labour is the necessary 
consequence. Bnt, in fact, the use of tools and the di¬ 
vision of labour so act and react on one another, that 
their effects can seldom be separated in practice. Every 
great mechanical invention is followed by an increased 
division of labour, and every increased division of labour 
produces new inventions in mechanism. 

- Altrrius «<• 

Jltera poscit opem rrs el covjurat umiee. 

The increased dexterity of the workman, and the 
saving of the time which would be lost in passing from 
one sort of work to another, deserve the attention which 
they have received from Adam Smith. Both are con¬ 
sequences, and the first is a very important consequence 
of the division of labour. But he has passed by, or at 
least has not formally stated, other advantages derived 
from that principle which appear to be far more im¬ 
portant. 

One of the principal of these advantages arises 
from the circumstance that the same exeitions which 
are necessary to produce a single given result are 
often sufficient to produce many hundred or tunny 
thousand similar results. The Post-office supplies a 
familiar illustration. The same exertions which are 
necessary to send a single letter from Falmouth to 
New York arc sufficient to forward fifty, and nearly 
the same exertions will forward ten thousand. If eve-y 
man were to effect the transmission of his own corre¬ 
spondence. the whole life of an eminent merchant might 
be passed in travelling, without his being able to de¬ 
liver all the letters which the Post-office fbramds tor 
him in a single evening. The labour of a few indivi¬ 
duals, devoted exclusively to the forwarding of letters, 
produces results which all the exertums of all the in¬ 
habitants of Europe could not eflect, each person acting 
independently. 

The utility of government depends on this principle. 

In the rudest slate of society each man relies principally 
on himself for the protection both of his person and of 
his property. For these purposes he must be always 
armed, and always watchful; what little property he has 
must be movable, so as never to be far distant from its 
owner. Defence or escape occupy almost all bis 
thoughts, mid almost all his time, and, after all these 
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Political sacrifices, they are very imperfectly effected. “ If ever 
Kcon umy. y 0ll see ftn , nnn here," said an inhabitant of the 
confines of Abyssinia to Bruce, “ he is a stranger; the 
imnit»of natives all die young by the lance.” 

Production. But the labour which every individual, who relics on 
Capital, himself for protection, must himself undergo is more 
than sufficient to enable a few individuals to psptect 
themselves, and also the whole of a numerous com¬ 
munity. To this may be traced the origin of govern¬ 
ments. The nucleus of every government must have 
been some person who offered protection in exchange 
for submission. On the governor and those with whom 
he is associated, or whom he appoints, is devolved the 
care of defending the community from violence and 
fraud. And so far as internal violence is concerned, 
ami that is the evil most dreaded in civilized society, it 
is wonderful how small a numtier of persons can pro¬ 
vide for the security of multitudes. About fifteen 
thousand soldiers, and not fifteen thousand policemen, 
watchmen, and officers of justice, protect the persons 
and property of the seventeen millions of inhabitants of 
Great Britain. There is scarcely a trade that does not 
engross the labour of a greater number of persons than 
are employed to perform this the most important of all 
services. 

It is obvious, however, that the division of labour on 
which government Is founded is subject to peculiar 
evils. Those who are to afford protection must neces¬ 
sarily be intrusted with power ; and those who rely on 
others for protection lose, in a great measure, the means 
and the will to protect themselves. Under such cir¬ 
cumstances, the bargain, if it can be called one, between 
the government and its subjects, is not conducted on 
the principles which regulate ordinary exchanges. The 
government generally endeavours to extort from its 
subjects, not merely a fair compensation for its services, 
but all that force or terror can wring from them without 
injuring their powers of further production. In fact, it 
does in general extort much more; for if we look 
through the world we shall find few governments whose 
oppression does not materially injure the prosperity of 
their people. When we read of African and Asiatic 
tyrannies, where millions seem themselves to consider 
their own hnppiness as dust in the balance compared 
with the caprices of their despot, we are inclined to sup¬ 
pose the evils of misgovernment to be the worst to 
which man can be exposed. But they are trifle* com¬ 
pared to those which are felt in the absence of govern¬ 
ment. The mass of the inhabitants of Kgypt, Persia, 
and Burundi, or to go as low as perhaps it is possible, 
the subjects of the Kings of Dnhomi and Ashantee, en¬ 
joy security, if we compare their situation with that of 
the ungoverned inhabitants of New Zealand. So 
strongly is this felt that there is no tyranny which men 
will not engerly embrace, if anarchy is to be the alter¬ 
native. Almost all the differences between the different 
races of men, difference* so great that we sometimes 
nearly forget that they all belong to the same species, 
may be traced to the degrees in which they enjoy the 
blessings of good government. If the worst govern¬ 
ment be better than anarchy, the advantages of the best 
must be incalculable. But the best governments of 
which the world has had experience, those of Great 
Britain and of the Countries which have derived their 
institutions from Great Britain, are far from having at¬ 
tained the perfection of which they appear to be sus¬ 
ceptible. In these governments the subordinate duties 


are generally performed by prisons specially educated Political 
for these purposes, the superior ones are not. It seems Keonomy. 
to be supposed that a knowledge of politics, the most 
extensive and the most difficult of all Sciences, is a of 
natural appendage to persons holding a high rank in Production, 
society, or may be acquired at intervals snatched from Cubital, 
the bustle and the occupation of laborious and engross¬ 
ing professions. In despotisms, the principal evils arise 
partly from the ignorance, and partly from the bad 
passions of the rulers. In representative governments, 
they arise principally from their unskilfulnesp. It is to 
be hoped that a further application of the division of 
labour, the principle upon which all government is 
founded, by • providing an appropriate education for 
those who are to direct the affairs of the State, may pro¬ 
tect us as cffectually.ngainst suffering under ignorance 
or inexperience in our governors, as we are now pro¬ 
tected against their injustice. 

Another important consequence of the division of 
labour, and one which Adam Smith, though he has al¬ 
luded to it, lias not prominently stated, is the power 
possessed by every nation of availing itself, to a certain 
extent, of the natural and acquired advantages of every 
other portion of the commercial world. "Colonel Torrens 
is the first writer who has expressly connected foreign 
trade with the division of labour, by designating inter¬ 
national commerce as “ the territorial division of 
labour.” 

Nature seems to have intended that mutual depend¬ 
ence should unite all the inhabitants of the earth into 
one commercial family. For this purpose she has in¬ 
definitely diversified her own products in every climate 
and in almost every extensive district. For this pur¬ 
pose, also, she seems to have Varied so extensively the 
wants and the productive powers of the different races 
of men. The superiority of modern over ancient 
wealth depends in a great measure on the greater use 
wc make of these varieties. We annually import into this 
Country about thirty million pounds of tea. The whole 
expense of purchasing and importing this quantity 
does not exceed i‘2,250,000, or about 1*. fid. a pound, 
a sum equal to the value of the labour of only’forty-five 
thousand men, supposing their annual wages to amount 
to £b0 a year. With our agricultural skill, and our 
coal mines, and at the expense of above 40*. a pound in¬ 
stead of 1*. G d., that is, at the cost of the labour of 
about one million two hundred thousand men instead 
of forty-five thousand, we might produce our own tea, 
and enjoy the pride of being independent of China. 

But one million two hundred thousand is about the 
number of all the men engaged in agricultural labour 
throughout England. A single trade, and that not an 
extensive one, supplies as much tea, and that probably 
of a better sort, as coutd be obtained, if it were possible 
to devote every farm and every garden to its domestic 
production. 

The greater part of the advantage of rather importing 
than growing and manufacturing tea arises, without 
doubt, from jhe difference between the climates of China 
and England. But a great part also arises from the 
different price of labour in the two Countries. Not 
only the cultivation of the tea plant, but the preparation 
of its leaves, requires much time and attention. The 
money wages of labour are so low in China, that these 
processes add little to the money cost of the tea. In 
England the expense would be intolerable. When a 
nation, in which the powers of production, and con- 
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Pulitic.il sequently the wages of lubuur, are high, employs Us 
Kconomy. own members in performing duties that could be as 
’—V—effectually performed by the less valuable labour of less 
Production, civilized nations, it is guilty of the same folly as a farmer 
Capital. w j 10 s ) l0U ]j plough with a race-horse, 
labour 01 ° f Another important consequence of the division of 
labour is the existence of retailers: A class who, with¬ 
out being themselves employed in the direct production 
of raw or manufactured commodities, are, in fuct, the 
persons who supply them to their ultimate purchasers, 
and that at the times and in the portions which the con¬ 
venience of those purchasers requires. When we look 
at a map of London and its suburbs, and consider that 
that proviuce covered with houses coutaiiis more than a 
tenth of the 'inhabitants of England, and consumes 
perhaps one-fifth in vuluc of all that is consumed in Eng¬ 
land, and obtains what it consumes, not from its own 
resources, but from the whole civilized world, it seems 
marvellous that the daily supply of such multitudes 
should be apportioned witii any thing like accuracy to 
their daily wants. It is effected principally by means of 
the retailers. Each retailer, the centre of tiis own system 
of purchasers, kuows, by experience, the average amount 
of their perioditad wants. The wholesale dealer, who 
forms the link between the actual producer or importer, 
and the retailer, knows also, by experience, the average 
amount of the demands of his own purchasers, the re¬ 
tailers ; and is governed by that experience in purchas¬ 
ing himself from the importer or producer. And the 
average amount of these last purchases affords the data 
on which the importers and producers regulate the 
whole vast and multifarious supply. It can scarcely be 
necessary to dwell on the further advantages derived 
from tile readiness and subdivision of the retailer’s 
slock ; or, to point out the convenience of having to buy 
a steak from a butcher, instead of an ox from a grazier. 
These are the advantages to which we formerly referred, 
as enabling the retailer to obtain a profit proportioned 
to the average time during which his stock iu trade re¬ 
mains iu his possession. 

We now proceed to show that the division of labour 
is mainly dependent on Ahstiueuce, or, in other words, 
on the use of Capital. 

“ In that rude state of society," says Adam Smith, 
“ in which there is no division of labour, iu which ex¬ 
changes are seldom mode, and iu which every man 
provides every thing for himself, it is not necessary that 
any slock Bhould be accumulated or stored up before¬ 
hand in order to carry on the business of the society. 
Every man eudeavours to supply, by his own industry, 
his own occasional wants as they occur. When he is 
hungry, he goes to the forest to hunt; when his coat is 
worn out, he clothes himself with the skin of the first 
large animal lie kills; and when Ins hut begins to go to 
ruin, he repairs it as well as he can with the trees and 
the turf that arc nearest to it. 

“ But when the division of labour has once been 
thoroughly introduced, the produce of a man's own 
labour can supply but a very small part of hjs occasional 
wants. The far greater part of them are supplied by 
the produce of other men’s labour, which he purchases 
with the produce, or, what is the same thing, with the 
price of the produce of his own. But his purchase 
cannot be made until such time as the produce of his 
own labour baa not only been completed, but sold. A 
stuck of goods of different kinds, therefore, must be 
stored up somewhere, sufficient to maintain him, and to 
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supply him with the materials and tools of his work, till Political 
such time, at least, as both these events can be brought Economy, 
about. A weaver cannot apply himself entirely to l,j s ' v — -> 
peculiar business, unless there is beforehuud stored up Vrodnrlioa. 
somewhere, either in his own possession, or in that of 
some other person, a stock sufficient to maintain lum, { ) ™‘* ion of 
and to supply him with the materials and tools of his ° Ur ’ 
work, till he has not only completed, but sold his web. 

This accumulation must evidently be previous to his ap¬ 
plying his industry for so long a time to such a peculiar 
business." Wealth of Nations, book ii. Introduction. 

Perhaps this is inaccurately expressed; there are 
numerous cases in which production and sale are con¬ 
temporaneous. The most important divisions of labour 
are those which allot to a few members of the commu¬ 
nity the task of protecting and instructing the re¬ 
mainder. But their services are sold as they are per¬ 
formed. And the same remark applies to almost all 
those products to which wc give the name of services. 

Nor is it absolutely necessary in any ease, though, if 
Adam Smith's words were taken literally, such a neces¬ 
sity might be inferred, that, before a man dedicates 
himself to a peculiar branch of production, a slock of 
goods should be stored up to supply him with subsist¬ 
ence, materials, and tools, till his own product has been 
completed and sold. That he must be kept supplied 
witii those articles is true; but they need not have been 
stored up before lie first sets to work, they may have 
been produced while his work was in progress. Years 
must often elapse between the commencement and sale 
of a picture. But the paiuler's subsistence, tools, and 
materials fur those years are not stored up before he sets 
to work: they are produced from time to time during 
the course of his labour, it is probable, however, that 
Adam Smith’s real meaning was, not that the identical 
supplies which will be wanted in a course of progressive 
industry must be already collected when the process 
which they are to assist or remunerate is about to be 
begun, but that a fund or source must then exist from 
which they may be drawn us they are required. That 
fund must comprise in specie some of the things 
wanted. The painter must have his canvass, the weaver 
his loom, and materials, not enough, perhaps, to complete 
his web, but to commence it. As to those commodities, 
however, which the workman subsequently requires, it 
is enough if the fund oil which he relics is a productive 
fund, keeping pace with his wants, and virtually set 
apart to answer them. 

But if the employment of capital is required for the 
purpose of allowing a single workman to dedicate him¬ 
self to one pursuit, it is still more obviously necessary 
in order to enable aggregations, or classes of producers, 
to concur, each by his separate exertions, in one pro¬ 
duction. In such cases even the mere matter of distri¬ 
bution, the mere apportionment of the price of the finished 
commodity among the different producers requires the 
employment of a considerable capital, and for a con¬ 
siderable time, or, iu other words, a considerable exer¬ 
tion of abstinence. The produce of independent labour 
belougs by nature to its producer. But where there has 
been a considerable division of labour, the product has 
no one natural owner. If we were to attempt to reckon 
up the number of persons engaged in producing a 
single neckclotn, or a single piece of lace, we should 
find the number amount to many thousands; in fact, 
to many tens of thousands. It is obviously impossible 
that all these persons, even if they could useei tain their 
z 
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respective rights as proilnccrs, should act as owners of 
the neckcloth or the luce, and sell it for tlieir common 
benefit. 

This difficulty is got over by distinguishing those 
who assist in production by advancing capital, from 
those who contribute only labour—a distinction often 
marked by the terms master and workman; and by arrang¬ 
ing into separate groups the dilfererit capitalists and 
workmen engaged in distinct processes, and letting 
each capitalist, as he passes on the commodity, receive 
from his immediate successor the price both of his own 
abstinence and of his workmen’s labour. 

It, may tic interesting to trace this process in the 
history of a coloured neckcloth or a piece of lace. The 
cotton of which it is formed may be supposed to have 
been grown by some Tenessee or Louisiana planter. 
For this purpose he must have employed labourers in 
preparing the soil and planting and attending to the 
shrub for more than a year before its pod ripened. 
When the pod became ripe, considerable labour, assisted 
by ingenious machinery, was necessary to extricate the 
seeds from the wool. The fleece thus cleaned was 
carried down the Mississippi to New Orleans, and there 
sold to a cotton factor. The price at which it was sold 
must have been sufficient, in the first place, to repay to 
the planter the wages which had been paid by him to 
all those employed in its production and carriage; and, 
secondly, to pay him a profit proportioned to tiie time 
which had elapsed between the payment of those wages and 
the sale of the cotton ; or, in other words, to remunerate 
him for his abstinence in having so long deprived him¬ 
self of the use of his money, or of tile pleasure which be 
might have received from the labour of his work-people, if, 
instead of cultivating cotton, he had employed them in 
contributing to his own immediate enjoyment. The 
New Orleans factor, after keeping it perhaps five or six 
months, sold it to a Liverpool merchant. Scarcely any 
labour could have been expended on it at New Orleans, 
and, in the .absence of accidental circumstances, its 
price was increased only by the profit of the cotton 
factor. A profit which was the remuneration of his 
ahstiuuiice in delating, for five or six months, the 
gratification which he might have obtained by the ex¬ 
penditure on himself of the price paid by him to the 
planter. The Liverpool merchant brought it to Eng¬ 
land and sold it to a Manchester spinner. He must 
have sold it at a price which would repay, in the first 
place, the price at which it was bought from the factor 
at New Orleans ; in the second place, the freight from 
thence to Liverpool; (which freight includes a portion 
of the wages of the seamen, and of the wages of those 
who built the vessel, of the profits of those who ad¬ 
vanced those wages before the vessel was completed, of 
the wages and profits of those who imported the materials 
of which that vessel was built, and, in fact, of a chain of 
wages and profits extending to the earliest dawn of 
civilization;) and, thirdly, the merchant’s profit for the 
time that these payments were made before, his sale to 
the manufacturer was completed. 

The spinner subjected it to the action of his 
work-people and machinery, until he reduced part, of 
it into the thread applicable to weaving muslin, and 
part into the still finer thread that can be formed into 
lace. 

The thread thus produced he sold to the weaver and 
to the lacetnaker; at a price repaying, in addition to the 
pi ice that was paid to the merchant, first, the wages of 


the work-people immediately engaged in the manufno- Political 
ture; secondly, the wages and profits of all those who . eonom ^' 
supplied, by the labour of previous years, the buildings 
and machinery; and, thirdly, the profit of the master capital, 
spinner. It would be tedious to trace the transmission Division of 
of the thread from the weaver to the bleacher, from the labour, 
bleacher to the printer, from the printer to the whole¬ 
sale warehouseman,from him to the retailer, and thence 
to the ultimate purchaser; or even its shorter progress 
from the lacetnaker to the embroiderer, and thence to 
the ultimate purchaser. At every step a fresh capitalist 
repays all the previous udvances, subjects the article, if 
unfinished, to Further processes, advances the wages of 
those engaged in its further manufacture and transport, 
and is ultimately repaid by the capitalist next in order 
ull his own advances,,and a profit proportioned to the 
time during which he has abstained from the unproduc¬ 
tive enjoyment of the capital thus employed. 

It will be observed, that we have not mentioned the 
taxation that must have been incurred throughout the 
whole process which we have described, or the rent that 
must have been paid for the use of the various appro¬ 
priated natural agents whose services were requisite or 
beneficial. We have left rent unnotifed, because its 
amount depends so much on accident that any further 
allusion to it would have much increased the complexity 
of the subject. We have not expressly mentioned taxa¬ 
tion, because it is included tinder the heads which we 
have enumerated. The money raised by taxation is 
employed in paying the wages and profits of those who 
peiibrm, or cause to be performed, the most important 
of all services, the protecting the community from fraud 
anti violence. Those who are thus employed afford pre¬ 
cisely the same assistance to the merchant or the manu¬ 
facturer, ns the private watchman who protects the 
warehouse, or tile smith who fortifies it with liars and 
padlocks. 

Our limits prohibit our attempting to trace the gra¬ 
dual increase of the value of a pound of cotton from the. 
time it was gathered on the banks of the Mississippi, till 
it appears in a Bond Street window as a piece of elabo¬ 
rate lace. We should probably be understating the dif¬ 
ference if we were to say that the last price was a thou¬ 
sand times the first. The price of a pound of the finest 
cotton wool, as it is gathered, is less than two shillings. 

A pound of the finest cotton lace might easily be worth 
more than a hundred guineas. No menus, except the 
separation of the functions of the capitalist from those 
of the labourer, and the constant advance of capital 
from one capitalist to another, could enable so many 
thousand producers to direct their efforts to one object, 
to continue them for so long a period, and to adjust the 
reward for their respective sacrifices. 

Productiveness of Labour in Agriculture and Manufac¬ 
tures. Fourth Elementary Proposition. 

Before wc quit the subject of production, it is necessary Productive- 
to explain an important difference between the efficiency "vsr of la- 
of the different productive instruments when employed bu, l r 
in cultivating tlie earth, and their efficiency when em- 
ployed in preparing for human use the raw produce factumi. 
obtained by agriculture: or, in other words, between the 
efficiency of agricultural and manufacturing industry. 

In the course of this discussion we shall illustrate the last 
of the four elementary propositions on which we believe 
the Science of Political Economy to rest; namely, 
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Political that, agricultural skill remaining the tame, additional 
Economy, labour employed on the land unthin a given district 
—produces in general a less proportionate return. 
Praductioif. The difference between the efficiency of agricultural and 

Productive* c f manufacturing industry which we have now to consider, 
bnurin wjri- consists in the power which agricultural industry pos- 
culture and sesses, and manufacturing industry does not possess, of 
manufac- obtaining an additional product from the same materials, 
tures. We have seen that the use of implements and the divi¬ 
sion of labour assist the exertions of man to un extent 
quite incalculable at present, and apparently capable of 
indefinite increase. But manufacturing improvements, 
though they enable one man to do the work of hundreds 
or of thousands,—though they enable the same amount 
of labour employer! on the same materials to produce a 
more and more useful commodity, cannot enable the 
same amount of labour, or even increased labour, em¬ 
ployed on the same quantity of materials, to produce a 
much larger amount of finished work of the same quality, 
than could have been produced before. If the labour 
and the skill now employed throughout England on the 
manufacture of cotton were doubled, but the quantity of 
raw materials remained the same, the quantity of manu¬ 
factured produe? could not be sensibly increased. The 
value of that produce might perhaps he much increased, 
it might be made much finer, and consequently of grenter 
length or breadth ; but supposing the quality of the 
produce unaltered, its quantity could lie increased only 
by the saving which might be made of that small por¬ 
tion of the raw material which now is wasted. 

The case of agriculture is different. Those regions, 
indeed, which lie within flic limits of perennial snow, or 
consist of rock or loose sand, or precipitous mountain, 
are unsusceptible of improvement. But with these ex¬ 
ceptions, the produce of every extensive district seems 
capable of being almost indefinitely increased hy con¬ 
stantly increasing the labour bestowed on it, 'Nothing 
appears more hopelessly barren than an extensive bog 
with its black-looking pools and rushy vegetation. But, 
by draining, by burning the limestone on which, in Ire¬ 
land at least, it generally rests, and by employing the 
liinc to couvcit the matted fibres of the turf into a vege¬ 
table mould, the bog may lie made not only productive 
but fertile. There are about thirty-seven millions of 
acres in England and Wales. Of these it has been 
calculated that not eighty-five thousand, less in fact 
than one four-hundredth part, are in a state of high cul¬ 
tivation, as hop grounds, nursery grounds, and fruit 
and kitchen gardens ; and that five millions are waste. 
All that is not waste is productively employed, but how 
small is its produce compared to the amount to which 
unlimited labour and abstinence might raise it! If the 
utmost use were made of lime and marl and the other 
mineral manures; if by a perfect system of drainage and 
irrigation water were nowhere allowed to be excessive or 
deficient; if all our wastes were protected by enclosures 
and planting, if all the land in tillage, instead of being 
scratched by the plough, were deeply and repeatedly 
trenched by manual labour; if minute case were em¬ 
ployed in the selecting and. planting of every seed or 
root, and watchfulness sufficient to prevent the appear¬ 
ance of a weed j if all live stock, instead of being pas¬ 
tured, had their food cut and brought to them; in short, 
if the whole Country were subjected to the labour which 
a rich citizen lavishes on his patch oPsttburban garden ; 
if it were possible that all this should be effected, the 
agricultural produce'of the Country might be raised to 
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ten times, or indeed to much more than ten times its Polities! 
present amount. No additional labour or machinery Economy, 
can work up a pound of raw cotton into more than a "v— 
pound of manufactured cotton ; but the same bushel ,,f Production, 
seed-corn, and the same rood of laud, according to the : ’ 1,,d,, ' tive - 
Inbour and skill with which they arc treated, may pro 
duce four bushels, or eight bushels, or sixteen. clime «ad 

But although the land in England is capable of p ro _ >“umifac- 
ducing ten times, or more than ten times as much ns it"‘ U!> ' 
now produces, it is probable that its present produce will 
never be quadrupled, and almost certain that it wdl 
never be decupled. 

On the other hand, unless our manufactures he 
checked by war, or by the continuance or introduction 
of legislative enactments miftivourahle to their progress, 
their produce may increase during the next century at 
the same rate, or at a still greater rate, than it incieased 
during the lit-l century. It may be quadrupled, or 
much more than quadrupled. 

The advantage possessed by land in repaying in¬ 
creased labour, though employed on the same materials, 
with a constantly increasing produce, is overbalanced by 
the diminishing proportion which the increase of the 
produce generally bears to the increase of the labour. 

And the disadvantage of manufactures in requiring for 
every increase of produce an equal increase of materials, 
is overbalanced by the constantly increasing facility with 
which the increased quantity of ntiiteiials is worked up. 

A century ago the average annual import of cotton 
wool into Great Britain was about one million two 
hundred thousand pounds. The amount now annually 
manufactured in Great Britain exceeds two hundred and 
forty millions of pounds. But though the materials 
now manufactured are increased at least two hundred 
times, it is obvious that the labour necessary to manu¬ 
facture them has not increased two hundred times. It 
inav be doubted whether it lias increased thirty times. 

The whole number of families in Great Britain, exclu¬ 
sively of those employed in agriculture, amounted, at the 
enumeration in 1831, to 2.‘1»3,0U; if wo suppose the 
transport, manufacture,and sale of cotton to employ about 
one-eighth of them, or about 300,000 families, it is a 
large allowance. But with the inefficient machinery 
in use a century ago, the annual manufacture of one 
million two hundred thousand pounds of cotton could 
riot have required the annual labour of less than ten 
thousand families. It probably required many more. 

The result has been that, although we now require two 
hundred times as much of the ruw material as was re¬ 
quired a century ago, and although that additional 
quantity of raw material is probably obtained from the 
soil by more than two hundred times the labour that 
was necessary to obtain the smaller quantity, yet, in 
consequence of the diminution of the labour necessary 
to manufacture a given amount, the price of the manu¬ 
factured commodity (a price which exhibits the sum of 
the labour necessary for both obtaining the materials 
and working them up) has constantly diminished. In 
1786, when our annual import was about twenty millions 
of pounds of cotton wool, the price of the yarn denomi¬ 
nated No. 100 was38s. a pound. In 1792, when (lie im¬ 
port amounted to thirty-four millious of pounds, the price 
of the same yarn was 16*. a pound. Iii 1806, when the 
import amounted to sixty millions, the priceof the yarn had 
fallen to 7s. 2d. a pound; and with the increased quantity 
manufactured, it has now fallen below' 3*. n pound. 

Every increase in the quantity manufactured has been 

t 2 



164 


POLITICAL ECONOMY. 


Political accompanied by improvements in machinery, and an in- 
. ^ nomy ' creased division of lubmir, and their effects have much 
Production. more ^an balanced any increase which may have taken 
Productive- place in the proportionate labour necessary to produce 
ness of la- the raw material. 

bourmagri- The proposition tlint, in agriculture, additional labour 
manufac-"*' £ enera **y produces a less proportionate result, or, in 
tuies. other words, that the labour of twenty men employed on 
the land within a given district, though it will certainly 
produce more than that often men, will seldom produce 
twice as much, wilt be best illustrated by confining our 
attention to a single example. 

We will suppose a farm consisting of one thousand acres, 
two hundred very good land, three hundred merely tole¬ 
rable, and the remainder barren down, affording only u 
scanty sheep-walk. We will suppose the farmer to em¬ 
ploy upon it twenty men, and to obtain an average 
annual product, which, to reduce it to a single denomi¬ 
nation, we will call six hundred quarters of wheat. We 
will suppose him now to double the number of his 
labourers, and we shall see what probability there is 
that the produce will consequently be doubled. If 
the twenty additional labourers are employed in culti¬ 
vating tlie down land, they must necessarily produce a 
less return than that which is produced on the other 
land by the previous twenty, as the land is supposed to 
be worse, it is equally clear that their labour, if applied 
to the land already in cultivation, will he less productive 
than the labour previously applied to it; or, in other 
words, that the produce of that land, though increased, 
will not be doubled, since on no other principle can we 
account lor any land except the very best having been 
ever cultivated. For if the farmer could have gone on 
applying additional labour to land already in cultiva¬ 
tion without any diminution in the proportionate return, 
it is e’ear that he never would have cultivated the three 
hundred acres of inferior laud. In fuct, if this were the 
case, if additional labour employed in agriculture gave a 
proportionate return, he never need have cultivated 
more than a single acre, or even a single rood. It is 
probable that in the supposed case he would employ 
some of his additional labourers in breaking up a por¬ 
tion of the down, and some of them in cultivating more 
highly the land already in tillage. So employed, they 
might produce an additional crop of four hundred, or 
five hundred, or five hundred and fifty quarters, but it is 
certain that the additional crop would not be equal to the 
whole six hundred previously obtained: the produce 
would be increased, but would not be doubled. 

This imaginary farm is a miniature of the whole King¬ 
dom. We have in England large tracks of barren waste, 
and we have under cultivation soil of every description of 
fertility, from that which produces forty bushels of wheat 
an acre to that which produces, with the same lubour, 
and on the same extent of land, only twelve or thirteen. 
If additional produce is to be raised, the resource, ge¬ 
nerally speaking, must be either the cultivation of what 
has been as yet untilled on account of its barrenness, or 
the employment of additional labour on what is now in 
cultivation. That in either case the additional produce is 
not likely to be in the proportion of the additional labour 
is as obvious in the case of the whole Kingdom as it 
has appeared to be in that of a single farm. 

But the proposition which we have been endeavouring 
to illustrate, though general, is not universal; it is sub¬ 
ject to material exceptions. In the first place, the 
negligence or ignorance of the occupier, or proprietor, 


or obstacles of ownership, often prevent for a long lime Political 
particular portions of land from being subjected to the Economy 
average degree of labour bestowed on land of equal 
capability. Increased labour, when at length bestowed 
on land so circumstanced, may fairly be expected to be nos of ia- 
as productive, indeed more productive, titan the average bourinagr 
of agricultural labour. Advantages of this kind have cu!turu au 
sometimes been derived from extensive operations of 
drainage and embankment; but the chances of great 
profil ure so apt to blind men to the amount of phy¬ 
sical obstacles, that projects of this kind are perhaps 
more frequently attempted prematurely than deferred 
till after the time when an increased demand for raw 
produce first rendered them lair speculations. Under¬ 
takings which have been postponed in consequence of 
obstacles arising from ownership are far more fre¬ 
quently productive. The enclosure of a common often 
subjects to the plough laud of which the former unpro¬ 
ductiveness was not owing to deficient fertility. Effects 
similar in kind, though not in degree, often lake place 
when an estate becomes unfettered after the title has 
been long so circumstanced that the farmers could not 
rely on the duration or renewal of their leases. In these 
cases considerable additional produce may ofteu be 
obtained by a comparatively small addition of labour. 

But the most important exception to the general rule 
takes place when increase of labour is accompanied by 
increase of skill. More efficient implements, a better 
rotation of crops, a greater division of labour, in short, 
improvements in the ait of agriculture, generally accom¬ 
pany the increase of agricultural labour. They always 
accompany that increase when it is accompanied by an 
increase of the capital as well as of the population of a 
Country; and they always counteract, and often out¬ 
weigh, tiie inferiority or diminished proportional powers 
of the soil to which they are applied. 

The total amount of the annual agricultural produce 
of Great Britain has much more than doubled during the 
last hundred years; but it is highly improbable that 
the amount of labour annually employed in agriculture 
has also doubled. It is not supposed that during that 
period the population of Great Britain has more than 
doubled ; and the principal increase has till lately been 
in the manufacturing districts. The last hundred years, 
with all their misfortunes, form the most prosperous 
period of our History. We owe to them the enclosure 
of millions of acres formerly almost useless common 
field; we owe to them almost all that we possess (hat 
deserves the name of Agricultural Science; and we owe 
to (item also all the canals, and almost all the roads, 
which, by obviating in a great measure the accidents 
of situation, enable the amount of labour to bear through¬ 
out the Kingdom something like an average proportion 
to tlie quality of the soil on which it is employed. It is 
possible, though certainly not probable, that our pro¬ 
gress may be equal during the next hundred years; but 
though indefinite, it certainly caunot be infinite. It is 
obviously impossible that the produce of the soil of a 
given district can increase geometrically for ever, what¬ 
ever be the amount of the labour employed on it. 

On the other hand, every increase in tiie number of 
manufacturing labourers is accompanied not merely by a 
corresponding but by an increased productive power. If 
three hundred thousand families are now employed in 
Great Britain to manufacture and transport two hundred 
and forty millions of pounds of cotton, it is absolutely 
certain that six hundred thousand families could manu ■ 
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Political future and transport four hundred and eighty millions of 
Kcon umy. p 0unt ] so f cotton. It is, in fact, certain that they could do 
IhoTiichun m,K 'h rnore - It ,s not improbable that they could manu- 
Pro'diictivc- faetureand transport seven hundred and twenty millions, 
ness of la- The only check by which we can predict that the progress 
hour in ngri- of our manufactures will in time be retarded, is the in- 
cnlturo and cre asing difficulty of importing materials and food. If 
tur"s! 1C " importation of raw produce could keep pace with 
the power of working it up, there would be no limit to 
the increase of wealth anti population. 

Distribution. 

ltish'ibu- Of the three great branches of Political Economy, 
tion. the nature, the production, and the distribution of wealth, 
we have now considered the twp former, and we pro¬ 
ceed to treat of the last, namely, of the laws according 
to which all that is produced is distributed among those 
who become its ultimute consumers. In timt state of 
society which is presupposed by the Political Economist, 
this is principally effected by means of exchange. We 
may indeed conceive a state of human existence ad¬ 
mitting of this distribution without (he intervention of 
exchanges. Bflt such a situation of society, if it can be 
called society, ncitiier deserves nor requires scientific 
investigation. Political Economy considers men in 
that more advanced state, which may fairly be called 
their natural state, since it is the state to which they 
are impelled by the provisions of nature, in which each 
individual relies on his fellows for the greater part, 
in many cases for the whole of what he consumes, and 
supplies his own wants principally or wholly by the ex¬ 
changes in which he contributes to theirs. 

llul we must admit that we use each of the words pro¬ 
duction and exchange in a sense lather more extensive 
than is usual. We have already stated that we apply the 
word production to much that would commonly he called 
appropriation, and that we include under exchanges w hat 
are usually termed public burdens. We consider all 
that is received by the officers of Government as given 
in exchange for services affording protection, more or 
less complete, against foreign or domestic violence or 
fraud. It is true, as we have already remarked, that 
this exchange is conducted on peculiar principles. In 
those Governments which are not democratic or re¬ 
presentative, the rulers themselves assess the umouut 
which they are to receive, and generally assess it at 
the utmost which, under such circumstances, can be 
extorted from their subjects. And even under repre¬ 
sentative or democratic institutions, no individual in¬ 
habitant is permitted to refuse his share of the general 
contribution, though he should disclaim his share in the 
general protection. But the transaction, though often 
involuntary, and still more often inequitable, is still an 
exchunge, and on the whole a beneficial exchange. The 
worst and most inefficient Government affords to its sub¬ 
jects a cheaper and a more effectual protection than 
they could obtain by their individual and unaided 
exertions. 

The laws by which exchanges are regulated may be 
divided into two great branches. The one comprises 
those laws which apply generally to all exchanges; 
the other those which apply specifically to the respec¬ 
tive kinds of exchanges in which the owners of the dif¬ 
ferent productive instruments exchange specifically with 
one another the produce of those instruments. 

In treating of the one we have to consider the general 


laws which regulate exchanges; in treating of the other, Polities! 
the relative proportions in which different classes of the K « ono,n y- 
community benefit by those laws. The things ex- 
changed will be the principal subjects of the one dis- |?“ trlbu * 
mission, the exchanging parties of the other. Numend*- 

One of the greatest difficulties to which a writer on ture. 
Political Economy is exposed, arises from the mutual 
dependence of the different propositions constituting the 
Science; a dependence which makes it diflicult to ex¬ 
plain any one without a frequent allusion to many others. 

And this is particularly the case with respect to distri¬ 
bution. Tile proportions in which different classes of 
the community are entitled to the things that arc pro¬ 
duced cannot be explained without a constant reference 
to the general laws of exchange; and, on the other hand, 
those laws cannot be. discussed without a constant re¬ 
ference lo the exchanging parties. Admitting, as we 
are forced to do. that no arrangement can lie free from 
objection, we have thought that the least objectionable 
mode of presenting the subject of distribution will be 
to begin by a general classification of the parties among 
whom the results of the different instruments of produc¬ 
tion are divided; then fo proceed to state the general 
laws of exchange; and, lastly, to point out the general cir¬ 
cumstances which decide in what proportions the different 
classes of the community share in tile general distri¬ 
bution. 

According to the usual language of Political Econo¬ 
mists, labour, capital, and land are the three instruments 
of production ; labourers, capitalists, and landlords are 
the three classes of producers ; and the whole produce is 
divided into wages, profit, anil rent: the first designat¬ 
ing the labourer’s share, the second that of the capitalist, 
and the third that of the landlord. We approve, on the 
whole, of the principles on which this classification is 
founded, but we have been forced, much against our 
will, to make considerable alterations in the language 
in which it has been usually expressed; to add some 
new terms, and to enlarge and contruct the signification 
of some olhcis. 

It appears to us that, to have a nomenclature which 
should fully and precisely indicate the facts of the case, 
not less than twelve distinct terms would be necessary. 

For each class there ought to be a name for the instru¬ 
ment employed or exercised, a name for the class of 
persons who employ or exercise it, a name for the act of 
employing or exercising it, aud a name for the share of 
the produce by which that act is remunerated. Of 
these terms we have not much more than half, as will 
appear if we examine eacii class separately. 

For the first class we have the terms “ to labour," 

“ a labourer," and “wages.’’ Neither of these terms 
expresses the instruments of production: the substantive 
“ labour," and tiie verb “ to labour,” express merely an 
act. “ A labourer” is an agent, and wages are a result: 
but what is the tiling employed? what is it that the 
labourer exerts? Clearly his mental or bodily facul¬ 
ties. With the addition of this term the nomenclature 
of the first class will be complete. To labour is to em¬ 
ploy strength of body or mind for the purpose of pro¬ 
duction ; the person who does so is a labourer, and 
wages are his remuneration. 

In tile second class we have the words capital, capi¬ 
talist, and profit. These terms express the instrument, 
the person who employs or exercises it, ami his remu¬ 
neration ; but there is no familiar term to express the act, 
the conduct of which profit is the reward, and which 



166 


POLITICAL ECONOMY. 


Political bca.'s the same relation to profit which labour does to 
Kconoim.^ wn g CS . To ibis coniliict wc have already given the 
Uiitribu- na,ne abstinence. The addition of this term will 
tinn. complete the nomenclature of the second class. Capital 
Nomencla- is on article of wealth, the result of human exertion, em- 
ture. ployed in the production or distribution of wealth. Ab¬ 
stinence expresses both the act of abstaining from the 
unproductive use of capital, and also the similnr con¬ 
duct of the man who devotes his labour to the produc¬ 
tion of remote rather than of immediate results. The 
person who so acts is a capitalist, the reward of his con¬ 
duct is profit. 

The defectiveness of the established nomenclature is 
more striking when we come to the third class. Wages 
and profits are the creation of man. They are the re¬ 
compense for the sacrifice made in the one ease, of ease, 
in the other, of immediate enjoyment. But a consider¬ 
able purt of the produce of every Country is the recom¬ 
pense of r.o sacrifice whatever; is received by those who 
neither labour uor put by, but merely hold out their 
hands to accept the offerings of the rest of the com¬ 
munity. 

The powers of nature, as distinguished from those 
of man, ore necessary to afford a field for the exer¬ 
cise of human abstinence and labour. Of these, some 
from their abundance and the notoriety of the means 
of employing them, arc incapable of appropriation. 
Being universally accessible,they bear no price notwith¬ 
standing their utility ; and what has been produced with 
their assistance has no value beyond that of the labour 
and abstinence which it has cost. Jt sells therefore for 
a price equal to, but not exceeding, the sum of the wages 
and profits which must be paid if the production is to 
be continued. The agency of nature is equally essen¬ 
tial to the production of timber in the forests of Upper 
Canada and in England. But the supply of timber in 
the forests of Upper Canada is practically unlimited. 
No portion of the price of a Canadian hut is paid for 
the agency of nature in producing the logs of which it 
is constructed. The pine while standing was valueless. 
The purchaser pays only for the labour and abstinence 
necessary to fell and to fashion it. 

But the assistance of an appropriated natural agent 
may render possible the production of a commodity more' 
valuable than the result of equal labour and abstinence 
without such assi'-tance. Such a commodity sells for 
a price exceeding the sum of the wages and profits 
which are sufficient to repay the capitalist and the la¬ 
bourer who have been employed on it. The surplus is 
taken by the proprietor of the natural agent, and is his 
reward, not lor having laboured or abstained, but sim¬ 
ply tor not having withheld what he was able to with¬ 
hold ; for hating permitted the gifts of nature to be ac¬ 
cepted. 

If wc subtract from the price of an English oak what 
must be paid for the labour of him who planted the 
sapling, and for the abstinence of those who allowed it 
to grow for a century, still something is to be paid for 
the use of the land by which it was nourished. And 
that is the price of the agency not of man but of lm'urc. 

Of the agents afforded by nature, the principal is the 
land with its rivers, ports, and mines. In the rare ca- cs 
in which the quantity of useful land is practically un¬ 
limited, a state of things which occurs only in the early 
stages of colonization, land is an agent universally ac¬ 
cessible, and, as nothing is paid for its use, the whole 
produce belongs to the cultivators, and is divided, under 


the names of wages and profit, between the capitalists and 

the labourers, of whose abstinence and industry it is the . J 

result. _ Distribu- 

But in all old Countries, and even iu colonies within tion. 
a very few years after their foundation, certain lands, Nomcnela 
from peculiar advantages of soil or situation, are found tKr0, 
to make more than the average return to a given expen¬ 
diture of capital and industry. The proprietor of such 
lands, if he cultivate them himself, receives a surplus 
after having paid the wages of his labourers and de¬ 
ducted the profit to which he is entitled on his capital. 

He of course receives the same surplus if, instead of 
cultivating them himself, he lets them out to some other 
capitalist. The tenant receives the same profit, and the 
labourers receive the same wuges as if they were em¬ 
ployed on land possessing merely average natural ad¬ 
vantages ; the surplus forms the rent of the proprietor, 
or, as we usually term him, the landlord. The whole 
produce, instead of two, is divided into three shares—rent, 
profit, and wages. If the owner is also the capitalist or 
farmer, he receives two of these shares, both the profit 
and the rent. If he allow it to be cultivated by the 
capital of another, he receives only rent. But rent, 
with or without profit, he necessarily^ receives. And 
when the whole of a Country has been appropriated, 
though it he true, as will be shown hereafter, that some 
of the produce is raised by the application of additional 
capital without payment of additional rent, and may 
therefore be said to be raised rent free, yet it is equally 
true that a rent is receivul from every cultivated acre; a 
rent rising or falling according to the accidents of soil 
anil situation, but the necessary icsult of limited extent 
and productive power. 

It is obvious, however, as we have already stated, that 
land, though the principal, is not the only natural agent 
that can be appropriated. The mere knowledge of the 
operations of nature, as long us the use of that know¬ 
ledge can he confined either by secrecy or by law, 
creates a revenue to its possessor analogous to the rent 
of land. The knowledge of the effect on the fibres of 
cottou of rollers moving with different velocities, enabled 
a village barber to found in a very few years a more than 
aristocratic fortune. Still greater wealth might pro¬ 
bably have been acquired by Dr. Jentier, if he could 
have borne somewhat to limit the benefits which he lma 
conferred on maukind. 

When the author of a useful discovery puts it himself 
in practice, he is like a proprietor farming his own pro¬ 
perly; the produce, after paying average wages for 
the labour, auil average profits for the capital, employed, 
affords u still further revenue, the effect not of that capi¬ 
tal or of that labour, but of the discovery, the creation 
not of man hut of nature. If, instead of using it himself, 
he let out to unothcr the privilege of using it, he ob¬ 
tains a revenue so precisely resembling the rent of land 
that it often receives the same name. The payment 
made by a manufacturer to a patentee for the privilege 
of using the patent process is usually termed in com¬ 
mercial language a rent; and under the same head must 
be ranked all the peculiar advantages of situation or con¬ 
nection, and all extraordinary qualities ofbody and mind. 

The surplus revenue which they occasion beyond ave¬ 
rage wages and profits is a revenue for which no addi¬ 
tional sacrifice has been made. The proprietor oftheso ad- 
v outages differs from a landlord only in the circumstance 
that lie cannot in general let them out to he used by 
another, and innst consequently either allow them to be 
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Political uge ] eHS or turn them to account himself. He is forced, 
Economy. t j, ere f ore> always to employ on them his own industry, 

' and generally his own capital, and receives not only 

tion” U " rent hut wages and profit. If, therefore, the established 
Nomencla- division is adhered to, and all that is produced is to be 
tare. divided into rent, profit, and wages,—and certainly that 
appears to be the most convenient classification;—aud if 
wages and profit are to be considered as the rewards of 
peculiar sacrifices, the former the remuneration for 
labour, and the latter for abstinence from immediate 
enjoyment, it is clear that under the term “ rent” must 
be iucludcd all that is obtained without any sacrifice; 
or, which is the same thing, beyond the remuneration 
for that sacrifice; all that nature or fortune bestows either 
without any exertion on the part of the recipient, or in 
addition to the average remuneration for the exercise 
of industry or the employment of capital. 

Out though we see no objection to this extension of 
the word rent, the terms land and landlord are too pre¬ 
cise to admit of being equally extended. It would be 
too great an innovation to include under the term land 
every natural agent which is capable of appropriation, 
or under the term landlord every proprietor of such an 
agent. For lhfse terms we must substitute those of 
natural agent, aud proprietor of a natural agent. And 
the third cluss will then have a term for the third instru¬ 
ment of production, a term for the owner of that in¬ 
strument, and a term for the share which lie receives of 
the produce: terms corresponding with the terms facul¬ 
ties of body and mind, labourer, and wages, as applied 
to the first class, and with capital, capitalist, and profit, 
us applied to the second. VVe shall still want a term 
corresponding with labour and abstinence,---a term in¬ 
dicating the conduel which enables the proprietor of a 
natural agent to receive a rent. But as this conduct 
implies no sacrifice,—as it consists merely in not soil'ding 
the instrument of which he is the owner to he useless, 
it perhaps does not requires distinct designation. When 
a man possesses an estate, we take it for giuutcd that he 
does not allow it to lie waste, but either uses it himself, 
or lets it to a tenant. In ordinary language the receipt 
of rent is included under the term ownership. There 
will therefore be little danger of obscurity if vve consider 
the word “ possess;” when applied to the proprietor of 
a natural agent, as implying the receipt of the advantages 
afforded by that agent, or, fn other words, of rent. 
Talents, indeed, often be idle, but in that case they may 
be considered for economical purposes as not possessed. 
In fact, unaccompanied by the will to use them, they are 
useless. 

But though the whole produce may be considered as 
divided into three shares, one of which is taken by the 
capitalists, another by the labourers, aud another by the 
proprietors ol the natural agents which have concurred 
in the production, it is very seldom that any given 
commodity, or the produce of any one productive ex¬ 
ertion, is thus actually divided. The nearest approach 
to it takes place in those cases in which producers be¬ 
longing to different classes become partners aud agree 
that the produce of their joint exertions shall be sold 
and the price divided between them. Such a partner¬ 
ship is often formed between a capitalist and his labourers 
when the success of the enterprise depends much on the 
zeal of the labourers, and the capitalist is unable to over¬ 
look them. Such is the case in the Greenland fishery. 
The men seldom receive preascertained wages, but, on 
the termination of the voyage, the blubber is sold, and 
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the price divided between the owners and the crew- Political 
Tile practice is the same in privateering, and probably Economy, 

in many other maritime speculations. Somewhat similar v — v — 
is the mode of letting land called the metayei svsiem l?*i,tribu. 
Under that system, which is still common in the Conti- 
‘lent of Europe, and probably is always to he found in i'™, 
a certain state of society, the landlord supplies the capi¬ 
tal as well as the laud, and receives half the crop, the 
remainder forming the wages of the tenant or head- 
labourer, aud of the inferior work-people in his employ. 

But these ere exceptions occasioned by the peculiarities 
of (he adventure, or by the poverty or ignorance of imper¬ 
fect civilization. The usual practice is to consider one 
of the parlies as entitled to the whole product, paying 
to the others a price for their co-operatiun. The person 
so entitled is uniformly the capitalist: the sums which he 
pays for wages and rent are the purchase-money for the 
services of the labourer, and for tire use of the natural 
agent employed. 

In most cases a considerable, interval elapses between 
the period at which the natural agent and the labourer 
are first employed, and the completion of the product, 
lit this climate the harvest is seldom reaped until nearly 
u year after it has been sown ; a still longer time is 
required for the maturity of oxen ; and a longer still for 
that of a horse; and sixty or seventy years may pass 
between the commencement of a plantation, and the 
time at which the timber is saleable. It is obvious that 
neither the landlord nor the labourer, as such, can wait 
during all this interval for their remuneration. The 
doing so would, in fact, be an act of abstinence. It 
would be the employment of land and labour in order 
to obtain remote results. This sacrifice is made by the 
capitalist, and he is repaid for it bv his appropriate re¬ 
muneration, profit. He advances to the landlord and 
the labourer, and ill most eases to some previous capi¬ 
talist, the price of their respective assistance ; or, iu other 
words, the hire of the land and capital belonging to one, 
anil of the mental ami bodily powers of another, and 
becomes solely entitled to the whole of the product. The 
success of his operations depends on the proportion 
which the value of that produce, (or, in commercial 
language, the value of his leturns) bears to the value of 
his advances, taking into consideration the time for 
which those advances have been made. If the value of 
the return is inferior to that of the advance, he is ob¬ 
viously a loser; he is a loser if it be merely equal, as he 
has incurred abstinence without profit, or, in ordiuary 
language, has lost the interest on his capital. He is a 
loser even if the value of his returns do not exceed that 
of his advances by an amount equal to the current rate 
of profit for the period during which the advance has 
been made. In any of these cases the product is sold, 
so far as the capitalist is concerned, for less than the 
cost of its production. The employment of capital, 
therefore, is necessarily a speculation; it is the purchase 
of so much productive power which may or may not 
occasion a remunerative return. 

The common language of Economists, therefore, which 
describes the landlord, the capitalist, and the labourer 
as sharers of the produce, is a fiction. Almost all that 
is produced is iu the first instance the property of the 
capitalist; he has purchased it by having previously 
paid the rent aud wages, and incurred or paid lor the 
abstinence, which wore necessary to its production. A 
portion of it, but generally a small portion, he consumes 
himself in the stale in which he receives it; the re- 
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Political muitider he sells. He may, if he think fit, employ the 
Economy, price of all that he sells ia purchases for his own grati- 
llistribu- fi cnt ' on 5 he cunnot remain a capitalist unless he 
t lo * K consent to empjoy 6ome portion of it in the hire of the 
Nomeucla- land and labour, by the assistance of which the process 
ture. of production is to be continued or recommenced. He 
cannot, generally speaking, folly retain his situation as 
a capitalist unless he employ enough to hire as much 
land and labour as before; and if he wish to raise 
himself in the world, he must, generally speaking, not 
merely keep up but increase the sum which he devotes 
to the purchase of productive force. If, for instance, he 
has hired the use of a farm for a year for £1000, and 
has paid £2000 more as wages to his labourers, and has 
expended £'1000 in the purchase, from other capitalists, 
of agricultural stock, and at the end of the year has sold 
the produce for £4400, he may, if lie like, spend on his 
own gratification the whole of that £‘4400; or he may 
so spend only £'400, and employ the rest in hiring the 
farm and the labourers, and purchasing stock for another 
year; or he may spend on himself only £200, and by 
employing productively £‘4200 instead of £4000, hire 
more land, or more labourers, or purchase more stock 
and provide for the increase of his capital and his profit. 
But in whatever way he employ his £’4400, he still 
must pay it to landlords, (using that word to comprise all 
proprietors of natural agents,) capitalists, and labourers. 

It 1ms been objected, however, that this nomenclature 
is incomplete. Kent, profit, and wages, it has been said, 
designate only those portions of the annual produce 
which the producers consume for their own gratification. 
They form the revenue of a nation. A further portion, 
and a very large one, must be employed not as revenue, 
but as capital; not in directly supplying the wants or 
directly ministering to the enjoyments of cither land¬ 
lords, labourers, or capitalists, but merely in keeping up 
the instruments of production. Thus of the fanner’s 
whole return, which wc have supped to be of the value 
of £ 1400 , wc may suppose a portion, amounting in 
value to £200, to have consisted of corn which lie re¬ 
turned to the earth us seed, and another portion, amount¬ 
ing to the same value, to have consisted of the forage 
which he gave to his working cattle. It has been said 
that neither this seed nor this forage was rent, profit, or 
wages. 

Tlie answer to this objection is, that the sced-corn and 
forage in question were the result of land, labour, and 
abstinence ; they were entitled, therefore, when produced, 
to be denominated rent, wages, or profit, and the cir¬ 
cumstance that they were employed to produce future 
instead of immediate gratification does not vary their 
character. When produced, they were revenue: their 
conversion into capital was a subsequent accident. No 
one would except against the expression that such und 
such a labourer has saved part of his wages and em¬ 
ployed them in stocking his garden. If the words re¬ 
venue and income were co-extcnsive with expenditure, 
the common statement, that a man is living within his 
income, would he a contradiction in terms. 

Perhaps this may be made clearer if we retrace the 
history of capital. 

The primary instruments of production were labour, 
and those productive agents which are spontaneously 
afforded by nature. The first dwellers on the earth had 
only rent and wages. The savnge who, instead of de¬ 
vouring the annuals which he had entrapped, reserved 
them to become the origin of a domesticated flock, and 


he who reserved, to be employed ns seed, some of the Politics 
grains which lie had gathered, laid the loundation of Ecunuln ! 
capital. The produce of that flock and of that seed 
was partly rent, purtly wages, and partly profit. And tiou> 
it did not cease to be so, although he refused to employ 
the whole of it on his immediate gratification. 

It must be udmitted, however, that the portion of the 
annual produce which is employed in the production or 
the support of brute or inanimate capital is not usually 
termed rent, wages, or profit. It has not, in fact, any 
specific name. But it appears to us to be the most 
philosophical arrangement to consider it as rent, wages, 
or profit, according to the character of its proprietor, 
without regard to its subsequent destination. 

Having made this general classification of the parties Exchange, 
among whom the results of the different productive in¬ 
struments are divided, we now proceed to consider the 
general laws which regulate the proportions in which 
those results are exchanged for one another. To a 
certain degree this question was considered when we 
treated of value; but not haviug at that time explained 
the words production, wages, profit, or rent, we were 
unable to do more than to state and iftustrate the fol¬ 
lowing propositions:— 

First, that all those things, and those things only, aie 
susceptible of exchange, which, being transferable, are 
limited in supply, and are capable, directly or indirectly, 
of affording pleasure or preventing pain ; a capacity to 
which we have affixed the name of utility. Secondly, that 
the reciprocal vulucs of any two things, or, in other 
words, the quantity of the oue which will exchange for 
a given quantity of the other, depend on two sets of 
causes; those which occasiou the utility and limit the 
supply of the one, and those which limit the supply and 
occasion the utility of the other. The causes which oc¬ 
casion the utility and limit the supply of any given 
commodity or service, vve denominated the intrinsic 
causes of its value. Those which limit the supply and 
occasion the utility of the commodities or services for 
which it is capable of being exchanged, we denomi¬ 
nated the extrinsic causes of its value. And, thirdly, that 
coropurntiie limitation of supply, or, to speak more 
familiarly, though less philosophically, comparative 
scarcity, though not sufficient to constitute value, is 
by far its most imjiortaut element; utility, or, in other 
words, demand, being nminly dependent on it. We 
had not then shown the means by which supply is 
effected. Having done this, having shown that human 
Labour and Abstinence, and the spontaneous agency of 
Nature, are the three instruments of production, wc 
are at liberty to explain what are the obstacles which 
limit the supply of all that is produced, and the mode 
in which those obstacles affect Hie reciprocal values of 
the different subjects of exchange. 

In the following discussion, however, wc shall in 
general substitute price or value in money tor general 
value. 

The general value of any ’commodity, that is, the Price, 
quantity of all the other subjects of exchange which 
might be obtained in return for a given quautity of it, is 
incapable of lieing ascertained. Its specific value in 
any other commodity may be ascertained by the experi¬ 
ment of an exchange; the anxiety of each party in the 
exchange to give as little, and obtain as much as pos¬ 
sible, leading him to investigate, as accurately as be can, 
the intrinsic causes giving value to each of the articles 
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Puliucnl to be exchanged. This is, however, a troublesome 
Economy, operation, and many expedients arc used to diminish its 
. .. frequency. The most obvious one is to consider a 

” u ' single exchange, or the mean of a few exchanges, as a 

Price. model for subsequent exchanges of a similar nature. 

By an extension of this expedient it may become a 
model for exchanges not of a similar nature. If gi\eu 
quantities of two different articles are each found by ex¬ 
perience to exchange for a given quantity of a third 
article, the proportionate value of the two first-mentioned 
articles may, of course, he inferred. It is measured by 
the third. Hence arise the advantages of selecting, as 
one of the subjects of every exchange, a single commo¬ 
dity, or, more correctly, a species of commodities con¬ 
stituted of individuals of precisely similar qualities. In 
the first place, all persons can ascertain, with tolerable 
accuracy, the intrinsic causes which give value to the 
selected commodity, so that one half the trouble of an 
exchange is ready performed. And, secondly, if an ex¬ 
change is to be effected between any other two commo¬ 
dities, the quantity of each that is usually exchanged for 
a given quantity of the third commodity is ascertained, 
and their re!»tiv%value is inferred. The commodity thus 
selected as the general instrument of exchange, whatever 
he its substance, whether salt, as in Abyssinia, cowries, on 
the Coast of Guinea, or the precious metals, as in Europe, 
is monei/. When the use of such a commodity, or, in 
other words, of money, has become established, value in 
money, or /trier, is the only value familiarly contem¬ 
plated. The scarcity and durability of gold and silver 
(the substances used as money by all civilized nations) 
make them peculiarly unsusceptible of alteration in 
value from intrinsic causes. On these accounts we think 
it better, in the following discussion, to refer rather to 
price than to general value, and to consider the value of 
money, so far as it depends on intrinsic causes, to be 
unvarying. 

We must preface our explanation of the efTect on 
price of the causes limiting supply, by a remark which 
may appear self-evident, but which mu.-t always be kept 
in recollection, namely, that where the only natural 
agents employed are those which are universally acces¬ 
sible, and therefore are practically unlimited ill supply , 
the utility of the produce , or, in other words, Us power, 
di nelly or indirectly, of producing gratification, or pre¬ 
venting pain, must be in proportion to the sacrifices 
made to produce it, unless the producer has misapplied 
his exertions; since no man would willingly employ a 
given amount of labour or abstinence in producing one 
commodity, if he. could obtain more gratification by de¬ 
voting them to the production of another. 

AYe now revert to the causes which limit supply. 

There ore some commodities the results of agents no 
longer ip existence, or acting at remote and uncertain 
periods, the supply of which cannot be increased, or 
cannot be reckoned upon. Antiques and relics belong to 
the first class, and all the very rare productions of Nature 
or Art, Mich us diamonds of extraordinary size, or pictures, 
or statues of extraordinary beauty, to the fecond. The 
values of such commodities are subject to no definite 
rules, and depend altogether on the wealth and taste of 
the community. In common language, they are said to 
beur a fancy price, that is, a price depending principally 
on the caprice or fashion of the day. The Boccaccio, 
which a few years ago sold for £2000, and after a year 
or two’s interval for £700 , may perhaps, fifty years 
lienee, be purchased for a shilling. Relics which, in 
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the IXtli Century, were thought too valuable to admit Politics 
of a definite price, would now be thought equally in- Economy, 
capable of price in consequence of their utter worthless- ' 

ness. In the following discussion we shall altogether 1 ' , stribu- 
oniit such commodities, and confine our attention to p""‘ 
those of which the supply is capable of increase, either " Ce ' 
regular, or sufficiently approaching to regularity, to ad¬ 
mit of calculation. 


The obstacle to the supply of those commodities 
which are produced by labour and abstinence, with that 
assistance only from nature which every one can com¬ 
mand, consists solely in the difficulty of finding persons 
ready to submit to the labour and abstinence necessary 
to their production. In other words, their supply is 
limited by the cost of their production. 

The term “cost of production” must be familiar toC.wtofi.ro 
those who are acquainted with the writings of modern ductivn. 
Economists; but, like most terms in Political Economy, 
though currently used, it has never been accurately de¬ 
fined; and it appears to us impossible that it should 
have been defined without the assistance of the term 


“ abstinence," or of some equivalent expression. 

Mr. Ricardo, who originally introduced the term 
“ cost of production,” uses as an equivalent expression, 
“ the quantity of labour which has been bestowed on 
the production of a commodity." Mr. Mill, ch. iii. see. 
2. appears to consider cost of production as equivalent 
to “ quantity oflabour." Mr. Malthas more elaborately 
defines it as “ the advance of the quantity of accumulated 
and immediate labour necessary to production, with such 
a per centage upon the whole of the advances for the 
time they have been employed as is equivalent to ordinary 
profits.” Definitions, p. 212. 

In a note to the third edition, page 46, Mr. Ricardo 
admits that profit also forms a part of the cost of pro¬ 
duction. Mr. Mill, by a stretch of language, in the 
convenience of which we cannot concur, includes profit 
under the term labour. The definitions of Mr. Ricardo 


and Air. Mill appear, therefore, to coincide. And 
that adopted by Mr. MaUluis only differs from thorn in 
referring, not to the labour that has been employed, but 
to that which must be employed if the production must 
be continued. In this respect the language of Mr. 
Malthus is undoubtedly the most correct. The sacri¬ 
fices that have been made to produce a given commo¬ 
dity have no effect on its value. Ail that the purchaser 
considers is the amount of sacrifice that its production 
would require at the time of the exchange. If tile ex¬ 
pense of producing a pair of stockings were suddenly to 
fall or to rise by one lmlf, a rise or fall in the value of the 
existing stockings would be the consequence, although 
the labour that has been employed on them is of course 
unalterable. And when Mr. Ricardo and Mr. Mill speak 
of the labour which has been employed on a com¬ 
modity as affecting its value, they must be understood 
as implying that the circumstances of production remain 
unchanged. 

Colonel Torrens considers cost of production as equi¬ 
valent to “ the amount of capital expended on produc¬ 
tion,” and refuses to consider profit as forming one of 
its elements. His remarks throw so much light on the 
whole subject, that we will venture to extract them at 
some length. 

“ Those writers who contend for the general equality 
of market and natural price, include the customary rate 
of profit under the term natural price, or cost of pro¬ 
duction. But tiiis classification is highly unphilosophi- 
2 a 
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Political C al and incorrect. Tile profits of stock never make any 
gcumimy.^ p aft Q f the expense of production ; they arc, on the con- 
Distribu- lrar y> a new crea, ' on brought into existence in cousc- 
tion. * quenee of this expense. The farmer, we will suppose. 
Price. expends one hundred quarters of corn in cultivating 
Cost of pro- his fields, and obtains in return one hundred and 
Auction. twenty quarters. In this case twenty quarters, being 
the excess of produce above expenditure, constitute the 
farmer's profit, but it would be absurd to call this 
excess or profit a part of the expenditure. The expen¬ 
diture or cost of production was one hundred quarters. 
It has been now repaid with a surplus of twenty quar¬ 
ters ; and, unless the surplus which remains alter the 
expenditure is replaced be a part of the expenditure, 
unless, in fact, one hundred and twenty quarters be 
equal to a hundred, it is impossible that market price 
should be equivalent to natural. Supposing that corn 
is £3 per quarter, then, in the case we have stated, the 
natural price of the farmer’s produce, or the one 
hundred quarters expended upon production, will be 
equivalent to £300 ; while the produce of one hun¬ 
dred and twenty quarters obtained in return will be 
equivalent to £360. The excess of market above 
natural price, or cost of production, is profit; and to 
contend that this profit is included in the cost of pro¬ 
duction, is the same thing as contending that flic hun¬ 
dred quarters, or £300 laid out in cultivation, are equal 
to the one hundred and twenty quarters, or £360 there¬ 
by obtained. 

“ In manufacturing, as well as in agricultural industry, 
the profit of stock is distinct from the cost of production. 
The master manufacturer expends a certain quantity of 
raw material, of tools and implements of trade, and of sub¬ 
sistence for labourers, and obtains in return a given 
quantity of finished work. This finished work must 
possess a higher exchangeable value than the materials, 
tools, and subsistence, by the advance of which it was 
obtained; otherwise the master could have rio induce¬ 
ment to contiuue his business. Manufacturing industry 
would cease, if the value produced did not exceed the 
value expended. But it is the excess of value which the 
finished work possesses above the value of the materials, 
implements, and subsistence expended, that constitutes 
the master's profit; and therefore we canuot assert that 
the profit of his stock is included in the cost of produc¬ 
tion without affirming the gross absurdity, that the ex¬ 
cess of value above expenditure constitutes a part of ex¬ 
penditure. Supposing that the materials, tools, and 
subsistence cost £300, and that the finished work is 
worth £360, then the difference will be the master's 
profit; and we cannot maintain that the annual profit is 
included in the amount of expenditure, or cost of pro¬ 
duction, without urging the contradiction that £300 
are equal to £360. 

“ The profit of stoex, so far from forming any part of 
the cost of production, is a surplus remaining after this 
cost has been completely replaced. In carrying on 
their business, the farmer and manufacturer do not ex¬ 
pend their profit, they create it. It forms no part of 
their first advauces; on the contrary, it forms a part 
of their subsequent returns. It could not have been 
employed in carrying on the work of production, be¬ 
cause, until this work was completed, it had no exist¬ 
ence. It is essentially a surplus, a new creation, over 
and above all that is necessary to replace the cost of 
production, or, in other words, the capital advanced. 
It is hoped that enough has been said to convince the 


reader of the nature of the error into which those Political 
Economists fall who maintain that the profit of stock bcooom>% 
is included in the expense of production, and that 
natural and market price tend to an equality. Market ti(in 
price is that which we give in order to obtain a com- price, 
inodity by exchange in the market: natural price is that Costofpro- 
whieh wc give to effect a purchase at the great store- ductioa. 
house of nature: it consists of the several articles of 
capital employed in production, and cannot by possi¬ 
bility include the surplus or profit created during the 
progress of production.”* 

Colonel Torrens’s remarks are just, so far as they 
apply to the mere expressions which he is criticising. 

Profit is certainly not a means, but a result. It is true 
that unless that result were expected, production would 
not be continued. Neither the farmer nor the manufac¬ 
turer could he induced by any other motive to abstain 
from the unproductive enjoyment of his capital; so 
food would not lie produced unless its consumption were 
necessary or agreeable. But the obtaining a profit is 
no more a part of the cost of producing a harvest than 
the gratification of appetite is a part of the cost of pro¬ 
ducing a dinner, or protection from ooh^part of the cost 
of producing a coat. 

Wont of the term abstinence, or of some equivalent 
expression, has led Mr. Malthas into inaccuracy of lan¬ 
guage. lie seems to ha\c felt that something besides 
mere labour is essential to production. He felt that 
simple industry would not convert a naked heath into a 
valuable wood; that the planter, in addition to the 
labour of inserting and protecting the saplings, incurred 
the additional sacrifice of directing his labour to the 
production of remote results; anil that the successive 
generations of proprietors, in suffering the young plan¬ 
tation to become mature, sacrificed their own emolu¬ 
ment to that of their successors. He seems to have felt 
that these sacrifices vveie part of the cost of producing 
the wood, and, having no term to express them, he de¬ 
nominated them by the name of their reward. When 
he termed profit u part of the cost of production, he 
appears to us to have meant not profit, but that conduct 
which is repaid by profit: an inaccuracy precisely 
similar to that committed by those who term wages a 
part of the cost of production ; meaning not wages, 
which are a result, but the labour for which wages are 
the remuneration. 

Colonel Torrens’s error is an error of omission. lie 
refuses to consider profit as part of the cost ofproduction, 
but he does not substitute for it abstinence or any equiva¬ 
lent expression. Although he admits that where equal 
capitals are employed the value of the products may differ 
if the one be brought to market sooner than the other, he 
lias not stated the principle on which this difference de¬ 
pends. That principle is that, though in both'cases the 
labour employed is the same, more abstinence is ne¬ 
cessary in tli-: one case than in the other. 

By cost of production, then, we mean the sutn of the 
labour aud abstinence necessary to production. But 
cost of production, thus defined, must be divided into 
the cust of production on tiie part of the producer or 
setter, and the cost of production on the part of the con¬ 
sumer or purchaser. The first is of coarse the amount 
of the labour and abstinence which must be undergone 
by him who offers for sale a given class of commodities 

x Torrens, On the Production of Wealth, 51—55. 
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Political, or services in onlcr to enable him to continue to produce 
Eco nomy them. The second is, the amount of the labour and 
abstinence which must be undergone by those to whom n 
non* U given commodity or service is offered for sale, if, instead 
Price. of purchasing, they themselves, or some of them on the 
Cunt of pro- hehu If of themselves and the others, were to produce it. 
duct ion. The first is equal to the minimum, the second to the maxi¬ 
mum of price. For, on the one hand, no man would 
continue to produce, for the purpose of sale, what should 
sell for less than K cost him to produce it. And, on the 
other hand, no men would continue to buy what they 
themselves, or some of them on the behalf of themselves 
and the others, could produce at less expense. With re¬ 
spect to those commodities, or, to speak more accurately, 
with respect to the value of those parts or attributes of 
commodities, which are the subjects of equal competition, 
which may be produced by all persons with equal advan¬ 
tages, the cost of production to the producer and the cost 
of production to the consumer arc the same. Their price, 
therefore, represents the aggregate amount of the labour 
and abstinence necessary to continue their production. If 
their price should fall lower, the wages or the profits of 
those employed in their production mu«t fall below the 
average reinuiiA-atiou of the labour and abstinence that 
must be undergone if their production is to be con¬ 
tinued. In time, therefore, it is discontinued or di¬ 
minished, until the value of the product has been raised 
by the diminution of the supply. If the price should 
rise beyond the cost of their production, the producers 
must receive more than an average remuneration for 
their sacrifices. As soon as this has been discovered, 
capital and industry flow towards the employment which, 
by this supposition, offers extraordinary advantages. 
Those who formerly were purchasers, nr persons on their 
behalf, turn producers themselves, until the increased sup¬ 
ply has equalized the price with the cost of production. 

Some years ago London depended for water on the 
New River Company. As the quantity which they can 
supply is limited, the price rose with the extension of 
buildings, until it so far exceeded the* cost of produc¬ 
tion as to induce some of the consumers to become pro¬ 
ducers. Three new Water Companies were established, 
Bud the price fell as the supply increased, until (lie 
shares in the New River Company fell to nearly one- 
fotirth of their former value; from £ 15,000 to £4000. 
If the metropolis should continue to increase these trans¬ 
actions will recur. The price of water will increase 
and exceed the cost at which it could be afforded. 
New Companies will arise, and, unless the additional 
supply is checked by greater natural obstacles than 
those which the existing Companies have to surmount, 
the price will again fall to its present level. 

But though, under free competition, cost of production 
is the regulator of price, its influence is subject to much 
occasional interruption. Its operation cun be sup¬ 
posed to be perfect only if vve suppose that there are no 
disturbing causes, that capital ami labour can be at 
once transferred, and without loss, from one employ¬ 
ment to nnother, and that every producer hits full infor¬ 
mation of the profit to be derived from every mode of 
production. But it is obvious that these suppositions 
have no resemblance to the truth. A large portion of the 
capital esseutial to production consists of buildings, ma¬ 
chinery, and other implements, the results of much time 
and labour, and of little service for any except their exist¬ 
ing purposes. A still larger portion consists of knowledge 
and of intellectual and bodily dexterity, applicable only to 


the processes in which those qualities were originally ac- Political 
quired. Again, the advantage derived from any given Economy, 
business depends so much upon the dexterity aud the good ''-‘"V"’*"' 
fortune with which it is managed, that few capitalists can I ? iatribu * 
estimate, except upon an average of some years, the amount 
of their own profits, and still fewer can estimate llnoe ol Cost of pi* 
their neighbours. Established businesses, therefore, may faction, 
survive the causes in which they originated, and become 
gradually extinguished as their comparative unprofitable¬ 
ness is discovered, and the labourers and capital engaged 
in them wear away without being replaced ; and, on die 
other hand, other employments are inadequately supplied 
with tile capital and industry which they could proluably 
absorb. During the interval, the products of the one 
sell for more, and those of the others for less, than (heir 
cost of production. Political Economy does not deal with 
particular facts but with general tendencies, and when vve 
assign to cost of production the power of regulating pi ice 
in caFes of equal competition, we mean to describe ii not as 
a point to which price is attached, but as a centre of 
oscillation which it is always endeavouring to approach. 

We have seen that, under circumstances of equal com¬ 
petition, or, in other words, where all persons can 
become producers, and that with equal advantages, the 
cost of production on the part of the pioduccr or seller, 
and the cost of production on the part of the consumer 
or purchaser, aie the same, aud that the commodity 
thus produced sells lbr its cost of production; or, in other 
words, at a price equal to ihe sum of the labour and ab¬ 
stinence which its production requires; or, to u-e a more 
familiar expression, at a price equal to the amount of 
the wages and profits which must be paid to induce the 
producers to continue their exertions. It has laiely 
been a general opinion that the bulk of commodities is 
produced under circumstances of equal competition. 

“ By far the greater part of those goods.’ - says Mr. 

Ricardo, ( Principle.'!, 8fc. p. 3.) “ which are the objects 
of desire are produced by labour, and may be multiplied 
almost without any assignable limit if we are disposed 
to Ivestovv the labour necessary to obtain them. In 
speaking then of commodities, of their exchangeable 
value, aud of the laws which regulate their relative prices, 
we always mean such commodities only as can be in¬ 
creased in quantity by the exertion of human industry, 
and in the production of which competition operates 
without restraint.’ - 

Now it is clear that the production in which no appro¬ 
priated natural agent has concurred, is the only produc¬ 
tion which has been made under circumstances of per¬ 
fectly equal competition. Aud how few are the e<-m- 
moditics of whicii the production has in no stage been 
assisted by peculiar advantages of soil, or situation, or 
by extraordinary talent of body or mind, or by proees-es 
generally unknown, or protected by law from imitation. 

Where the assistance of these agents, to which we have 
given the general name of natural agents, has been 
obtained, the result is more valuable titan the re-ult of 
equal labour and abstinence unassisted by similar aids. 

A commodity thus produced is called tlie stihji’i t ot a 
monopoly ; aud the person who has appropriated such a 
natural agent, a monopolist. 

Monopolies may be divided into four kinds. Mc.n.po 

1. Where the monopolist has not the exclusive power lie*, 
of producing, but only ceitain exclusive facilities as a 
producer, and can increase, with inidiniinishcd, or even 
increased facility, the amount of his ptoditcc. 

Tito value of a commodity produced under stten cir- 
2 A ll 
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cumslances approaches more nearly to the cost of pro¬ 
duction on the part of the seller, than that of uuy other 
monopolized commodity. It is obvious thut its price can 
never permanently fall below the value of the sacrifices 
which must be made by the producer, and, on the other 
hand, that it never can permanently rise above the value of 
the sacrifices which must be made by the consumers, if, 
instead of purchasing, they, or some persons in their 
behalf, were to turn producers. Sir R. Arkwright’s yarn 
could not sell for more than jam of an equal quality pro¬ 
duced without the aid of his patent machinery; nor would 
Arkwright have sold it for less than the value of the labour 
and abstinence employed in its production. The first was 
the cost of production to the consumer, the second the cost 
of production to the producer. But the difference between 
the two was enormous; the cost to Arkwright was not 
one-filth of what it would have been to his customers. 

His inventions enabled him to produce a greater 
quantity, but not a better quality. The finger and 
thumb constitute an instrument more delicate than any 
system of rollers, and the muslin formed by the com¬ 
paratively unassisted labour of the Hindoo is finer and 
more durable than the produce of our elaborate manu¬ 
factories. The price which Arkwright could exact was 
therefore limited, as we have seen, by the Competition 
of otiier productive instruments, more expensive but 
quite as efficient. The price which he did exact was 
still further limited by a regard to his own interest. 
He had discovered an instrument of which the powers, 
instead of being exhausted, increased w ith every increase 
in its application. To erect a mill for the purpose of 
.spinning annually a hundred or a thousand pounds of 
cotton would be madness. The expense of spiuuiiig 
ten thousand pounds very little exceeds the expense of 
spinning one thousand, and forty thousand might pro¬ 
bably be spun at less than double the expense of ten 
ihou'and. As the quantity produced is increased, the 
relative cost of production is diminished. If, therefore, 
on the sale ot ten thousand pounds weight of yarn at a 
given price, which we will call £10,000, his profit 
amounted to £5000, the profit of selling one hundred 
thousand weight at the same price might have amounted 
to £!><>,(100, and his profit on selling one million pounds 
weight to £900,000. But to effect this was obviously 
impossible. As value depends mainly on limitation 
of supply, he could not have at once offered a large 
quantity for sale without diminishing the price, if he 
lett that price to he fixed by the competition of the 
purchasers, or without having a large portion unsold, 
if he refused to submit to that diminution. His only 
mode of stimulating a constant increase of consumption 
was to submit to such a constant lowering of price as 
should constantly widen the circle of those able and 
willing to purchase. As is usually the case, bis own 
interest and that of the public coincided, and led him 
to accept a price far exceeding indeed the cost of pro¬ 
duction to himself, but falling short by a still wider in¬ 
terval of what would have been the cost of production 
to them. 

Sir R. Arkwright’s monopoly, therefore, was of the 
most limited kind. His remuneration tvas bounded, and 
it was not his interest even to approach that boundary. 

2. A second kind of monopoly is in the opposite ex¬ 
treme. It exists where price is checked neither by the 
hopes nor by the fears of the producer, where uo competi¬ 
tion is dreaded, and no increased supply can he effected. 
The owners of some vineyards have such a monopoly. 


Constantia owes its peculiar flavour to the agency of a ^Political 
few acres of ground, and (hut flavour would be destroyed , ,cu “ ul1 ')'- 
if high cultivation were employed to force from that 
groutul a larger quantity of wine. As no person but t K)l) . 
the proprietor of the Consfantia farm can be a pro- Drive, 
ducer, tile price is not checked by any cost of produe- Mviiopoly. 
tion to the consumer. It is not checked by any wish 
of the proprietor to increase the consumption, since the 
quantity produced, mid consequently the quantity con¬ 
sumed, is incapable of increase. The price cannot of 
course fall below the cost of production, hot may inde¬ 
finitely exceed it. It is limited solely by the will and 
tile ability of the consumers. And if fashion were P 
make it an object of intense desire among the opulent, ‘ 
a pipe of Conslantia, produced perhaps at the expense 
of £20, might sell for £20,000. 

3 A third and more frequent kind of monopoly lies be¬ 
tween these two extremes, and is neither so strict ;is the 
last, nor so comparatively open as the first. This com¬ 
prises those cases in which the monopolist is the only 
producer, but, by the application of additional '•dunir 
and abstinence, can indefinitely increase his produ.-'ii.u. 

The book trade affords an illustnumn. \\ lii'e a vork 
is protected by copyright, uo person lmt the •irnptuMor 
of that copyright can produce copies; and he may 
multiply them indefinitely by the application i •utdi- 
tional labour and abstinence. There is here no co-t of 
production on the part of the purcha«--r, and, as i' r as 
he is concerned, the price i- limited mil* w\ Ins \ iH ,n,d 
ability. The efficient check ari-«- from he niuristm 
the publisher. As is the case with imimilacturcs gene¬ 
rally, the relative expense ot puhlicr.tii i di>. .n slics -is 
the number of copies published lucre.n- ■ 1 ' i- Ins 

interest, therefore, to encourage a large sah> by affixing 
a price but slightly exceeding the cc.-t of prodneiion, 
diminished as that cost is by the magnitude of the pro¬ 
duce. A hundred copies of IFuvii'i Ifj might pethaps, 
have been sold at ten guineas a copy; but (line cm lie 
no doubt that a larger aggregate piotit vv; i obtained 1 y 
selling ten thousand at a ,r uinea and a half. 

4. The fourth and last class of monopolies exists . ''ere 
production must be a' si .ted bv natural agent*, limited 
in number, and varying in power, and repaying wi.h 
less and less relative assistance every increase in the 
amount of the labour and abstinence bestowed on them. 

It is under these circumstance, that the greater part of 
the raw produce, whatever it be. u .ieh is the staple tood 
of the inhabitants in every Country, potatoes in Ireland, 
wheat in England, or rice in I idle, is [ oduccd. It is, 
in fact, the great monopoly of la.a.; and as there are 
scarcely any commodities of which the supply is not in 
some measure limited by the limited e.xtei.t of the land 
essential or sciviceable to some p-oeess in their produc¬ 
tion, all general theories as to vahte must' be subject 
to error nti! the general laws regulating the value of 
the a«si*t.’no.e to be derived from find have been ascer¬ 
tained. It will he necessary, therefore, to examine them 
nt some length. 

The soil pf every exten five district is of different 
degrees of fertility and conv' niencc of situation, and 
the soils of each thgree constitute a distinct class of 
natural agents, affording each a distinct amount of assist¬ 
ance to the cultivator. And we have seen that each 
portion of soil, whatever be its fertility, agricultural 
skill remaining the same, generally gives a less and less 
proportionate return to each additional quantity oflabour 
and abstinence bestowed on its cultivation, anil may bo 
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Volitical said, therefore, to comprise within itself a system of 
Kconomy. na t\iral agents of different powers. The different classes 
'. . — ’ of natural agents will be successively employed, in pro- 

Iiistrihu- portion to their efficiency ; an inferior class being never 
resorted to while a superior one is equally accessible: 
„jn,!y. and each class, until it has been completely appropriated, 
may he considered as practically unlimited in supply, 
since it is universally accessible. What shall be the 
worst natural agent employed, or, in other words, to 
v hat exten* inferior soils shall he cultivated, or addi¬ 
tional labour and abstinence employed at a comparative 
disadvantage on the cultivation of those which are more 
h Ic or better situated, must always he determined by 
toe iltli and wants of the community ; by the quan¬ 
tity »' agricultural produce which they have the power 
and the desire to purchase. While those wants can be 
.-nti-liul by ’iglitly cultivating only a portion of the 
,,u x: ‘eitile and best situated land, that land, though 
..■•i!v prodi.dive, indeed more productive in propor- 
> i to bibniir and abstinence bestowed on it than 
, •i-v s:.l .jiient stage, cannot be a separate and in- 
,<• •',! o>t urce of value. It is then a natural agent 

.rib acccs'-ible and its produce, however large, 

w " • '•."i ni ■ onlv li>r l 1 e value of the labour and ab- 
siui'-i‘. .■ cMiplov i! nn iis pnnluclion. In slunl, llie 
er-i u j.'inlu -tii mi to the ]ir<n!in-i-r, and the cost of pro- 
do, ui o liie ci'iisocici, are, iiiiilei such circumstances, 
(lie ' i,,u . T.i,' > tlio -late i f -ouie of the fertile and 

|i i!y ; copied di-i net- rf the '.imjiics. The inhabitants 
i i i he . r- .lie't I of :!u> Tierra taliente of Mexico ap- 
1 -r i’.’.i i lie m u II ;roic (he fertile wilderness over which 
tl'ev "v s'.ati'iiU the small patches which alford them 
the ni i i.i's 1 lodging, food, and raiment. We are 
Tol- 1 lfj.it iii iliese disiMets the labour of a week will 
sol sj. icr.< e for a year, but even (his vast pro¬ 
duct m ■■ wit. or even any conceivable increase in it, is 
ii>ra;-..oii •: ^.ving value to the assistance afforded as 
long ;,. qiply of that assistance remains unlimited. 

1 1 I ■ rnited, however, in the very earliest stages 

of .'iij.ru',i so "lit. Moth the causes and the coase- 
tins event may he illustrated by'tracing the 
p • ■ •<■?> <.t' r colony. 

Wiooi :i IhkIv of emigrants arrives on the coast of an 
un.Hvupi.'d disfrct, their fusi operation must be to fix 
the situation of then future metropolis; the seat of go¬ 
vernment, of law, of foreign trade, and of those manu¬ 
factures which require ho congregation of numerous 
workmen. Wo nay suppose their numbers and the 
local advantages to 1 s i/ as to enable them to occupy, 
within such a di-'j»' from their infant town as to 
render the expense n. image immaterial, as much land 
of the highest forcibly as each agricultural family nrr>y 
wish to cultivate, i he agricultiu.il produce thus ob¬ 
tained must sell for its cost of production to the pro¬ 
ducer; every consumer being able at will to turn i pro¬ 
ducer, with advantages equal tr those enjoyed by the 
existing producers, uml being unwilling to give for the 
result of a given amount of labour and abstinence on 
their part more than tlu r. uU of an equal amount of 
labour and abstinence on i.»s '*wn part. Such a com¬ 
munity rapidly increases i i number:; and in wealth, and 
that increase is accompanied by an increased desire and 
ability to purchase agricultural produce. Until the supply 
of raw produce has been increased, the price must now 
rise above the cost o r production. But when the most 
fertile lands within a given distance of tin* town have 
been occupied, there remain only three modes of in- 
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creasing the supply : either 1. by cultivating the fertile Political 
lands at a greater distance from the town; or, 2. by ® enw>D, J r * 
cultivating the inferior laud in'its neighbourhood; or, 

3, by employing additional labour and abstinence in the 
cultivation of the lands already occupied. Whichever uf 1 -,'ice. 
these plans be adopted, and probably they will all lie Monopoly, 
adopted, the additional quantity must be supplied at an 
increased expense. The first is loaded with the expenses 
of carriage ; and we know that a given amount of labour 
and abstinence is employed to comparative disadvantage, 
when applied either to the cultivation of inferior land, or 
to the further improvement of the best land. 

The immediate consequence of the increase of supply 
must be a fall of price, but a fall not equal to the previous 
rise. The additional supply is produced under circum¬ 
stances of equal competition, every consumer having it 
in his power to turn producer by occupying the more 
distant or less fertile territory; it sells, therefore, for 
the cost of production to the producer. But commodi¬ 
ties of precisely the same qualities cannot sell in the 
same market for different prices. The purchaser of a 
bushel of wheat does not inquire whether it was grown 
within a furlong or at ten miles from the place of sale. 

The produce, therefore, of the fertile lands in the imme¬ 
diate vicinity of the market sells at the same price as 
that of the dislant nr inferior land. 

That price, as it is equal to the cost of production of 
what is produced at the greatest expense, must exceed 
the cost of production of what is produced at the least 
expense. The proprietor of the most fertile and liest 
situated land has no motive to take less, as he cannot, 
like the owner of a patent, increase the amount of what 
he produces and continue to produce at equal advan¬ 
tage; and the purchaser cannot support an olfer of 
less, a* he cannot turn producer but by submitting to 
di-advantages which equalize the current price ami the 
cost of production. 

As llie colony grows into a people and an empire 
the same processes are repeated. Every increase of 
wealth and population raises tlie price of raw produce. 

Increase of price occasions ait increase of supply, raised 
at a comparatively greater expense. The price falls in 
consequence of the increased supply, hut is prevented 
from falling to its former level by the increase which has 
taken place in the cost of producing that part of the 
whole supply which is brought to market at the greatest 
expense. 

The effect will be the same whether we select for the 
scene a continent or an island ; a district containing 
soils of every degree of fertility, or of precisely uniform 
quality. The Anglo-Americans have supplied their 
constantly increasing wants chiefly by spreading them¬ 
selves backwards over their unbounded Western territory, 
and have made little use of inferior soils, or of high 
cultivation, except in the immediate vicinity of their 
cities. In Malta, a single acre receives more labour than 
would be devoted to a square mile in the Illinois; but 
precisely the same motives impel the Maltese to terrace 
his mountains into gardens, and the American to reclaim 
the prairies of the Missouri. 

It may be inferred, from the picture which we have 
given of the progress of society, that vve believe an in¬ 
creased difficulty of obtaining raw produce to be the 
natural incident to an increase of population. In tlie 
absence of counteracting causes it certainly would be so; 
but those causes arc so powerful, that, unless checked by 
legislation, they in many respects balance the causes 
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which we have been considering. In a colony, the 
counteracting causes appear likely to preponderate for 
a period, the duration of which must of course depend 
in part on the quantity of fertile and unoccupied land in 
its vicinity. As the circle of appropriated land expands, 
and the expense of bringing food to the consumers be¬ 
comes more oppressive, there is a tendency in the con¬ 
sumers to follow the food. The colonial capital, now 
turned into a metropolis, may continue to send out por¬ 
tion after portion of her increased inhabitants until the 
whole territory acquires something approaching to an 
average amount of cultivation. Again, in every Country 
increased wealth and numbers are accompanied by in¬ 
creased agricultural skill and improved means of trans¬ 
port. The use of implements, the division of labour, 
and physical knowledge are powerful aids to the agi icul- 
turist, though they do not afford to him the almost 
magical increase of power which they give to the manu¬ 
facturer. The improvements in carriage are still more 
important: a given amount of labour applied for twenty 
years to a given piece of land would probably now 
produce a return four or five times as great as would 
have been obtained at the Conquest. But the labour 
necessary to transport that produce one hundred miles 
is probably now not one nnc-hundredth of what it was 
then. No improvements in husbandry instruments, or 
in breeding, or in the rotation of crops, have been so 
efficient ns the substitution of the waggon, the Mac¬ 
adamized road, the canal, the navigable river, and the 
railway, for the pack-horse of our ancestors and the dan¬ 
gerous tracks through which they beat out and picked 
their nay. The intervention of a hill or a morass was 
then an obstacle sufficient to allow the price of corn on 
one side to lie double that on the other; and Loudon 
was so dependent on the immediately adjacent Counties 
that the landlords of those Counties petitioned against 
the opening of roads, as interfering with their vested 
right to a monopoly of the metropolitan supply; a peti¬ 
tion which failed because the immediate interest of other 
landlords opposed it. 

But the principal means by which a Country, when 
increasing in wealth and population, may avoid the ne¬ 
cessity of raising its raw produce at a constantly increas¬ 
ing disadvantage is by importation. 

We have seen that additional labour employed in 
manufactures produces an increasing proportionate effect; 
that if one thousand men can in a given time work up 
one million of pounds of cotton, two thousand men 
would he able to work up in the same time more than 
two millions of pounds, and four thousand men, much 
more than twice as much as two thousand. As a nation 
increases in opulence and population, it becomes the in¬ 
terest, therefore, of the community to devote their addi¬ 
tional population rather to manufactures, in which they 
have a constantly increasing advantage, than to agricul¬ 
ture, at a constantly increasing disadvantage. As their 
industry becomes more and more efficient, they arc in 
general able to purchase with the produce of a given 
amount of labour and abstinence larger and a larger 
amount of the produce of the industry of their less ad¬ 
vanced contemporaries. The produce of the labour of a 
single Englishman employed fora giventime in fabricat¬ 
ing cotton will purchase the cotton grown hy the labour 
of five, or perhaps ten, Hindoos, or the wheat grown 
by three, or perhaps five, Lithuanians or Poles. 

It must he recollected, indeed, that a nation while ex¬ 
tending its manufactures must increase its importation of 


raw produce; and we have already stated that the in- Political, 
creased labour at which the additional produce must be . Q ‘‘ om l• 
obtained would retard the progress of such a community. 

But though this is unquestionable, though it is even cer- q on> 
tain that, if sufficient time be allowed, this obstacle is Price, 
able, not merely to retard, but almost to arrest, the ad- Monopoly, 
vance of manufactures, there seems to be little to fear ^and. 
from it within any of those periods within which calcula¬ 
tions for practical purposes are generally confined. In 
the first place, the stimulus of an advantageous trade 
must tend to increase the agricultural skill of the ex¬ 
porting nations, and increase the facilities of transport; 
causes which, especially in the earlier stages of a nation’s 
improvement, often enable it, and for considerable pe¬ 
riods, to bring to market an increased quantity of raw 
produce with the same or even less proportionate labour. 

And, secondly, even if we suppose the manufacturing 
nation to be supplied by its agricultural customers at an 
increased proportionate expense to them, it does not 
follow that the propoitionate expense to her need be 
increased. The increased difficulty on the one side 
may be balanced by the increased facility on the other. 

We will suppose that at present one hundred thousand 
yards of muslin, fabricated by twelve ^Englishmen, can 
be exchanged for one hundred and filly quarters of 
wheat, raised hy thirty-six Poles ; that an increase in 
population of one-third makes it necessary to import 
two hundred instead of one hundred and fifty quarters, 
and that the two hundred quarters are raised, not by 
forty-eight, the former proportion, hut hy sixty Poles. 

If the increase in our skill has kept pace with our in¬ 
crease of numbers, it is probable that eighteen English¬ 
men, instead of one hundred and fifty thousand, the 
former proportion, would be able to fabricate at least 
two hundred thousand yards of muslin. The exchange 
under such circumstances instead of being less, would 
be more beneficial than before. England would pur¬ 
chase more corn, and Poland more muslin, at a less pro¬ 
portionate amount of labour. 

It must be carefully remembered that the preceding 
remarks apply not to the higher or lower price of raw 
produce, but to the greater or less difficulty in obtaining 
it; things which have no necessary connection ; one of 
them depending on the causes which affect the general 
value of raw produce, the other on the causes which 
affect the general value of money. At the same time, 
and in the same place, the prices of articles exactly 
measure the difficulty of obtaining them. It is exactly 
half as difficult to get a commodity that costs one sove¬ 
reign as to get a commodity that costs two. But this is 
only true at the same time and in the same place. 

Though in England a quarter of corn now costs about 
fifty shillings, and in the reign of Hejiry VIII. cost 
about twenty, it is probable that it was then more diffi¬ 
cult to obtain one than it is now. This must have been 
the case if it. was then more difficult to obtain twenty 
shillings than it is now to obtain fifty. It is equally 
clear that, although aquartcr of wheat now costs in Eng¬ 
land about4en ounces of silver, and about six ounces in 
Poland, yet, if it is easier in England to obtain ten 
ounces of silver than in Poland to obtain six ounces, it 
is easier in England to obtain a quarter of wheat than it 
is in Poland. Experience shows that weulth and popu¬ 
lation almost always increase together, though not in 
equal ratios, the increase of wealth being, as we have 
already stated, generally greater than the increase of 
population. The increased capital and labour of an in- 
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Political creasing population are naturally directed to manufac- 
Economy. | M which, as we have already seen, every increased 

production is more easily effected. As their labour be- 
tion" U " comes more productive, the value of the products of a 
Price. given quantity of that labour rises in the general market 
of the world; or, in other words, they obtain in return 
for it a greater amount of the precious metals; or, in 
other words, a higher price. Therefore, although they 
may have to pay a higher price for a given quantity of 
raw produce, whether of home growth or imported, it 
docs not follow that the difficulty of obtaining that given 
quantity has increased; it is possible, and not impro¬ 
bable, that it may hate diminished. A nation so situated 
may be compared to au individual whose income hap¬ 
pens to be rising at the same time when the price of 
com is rising. If the rise of his income more than 
counterbalances the rise of corn, he finds it every year 
more easy to purchase a given quautity, though he may 
have to give a higher and higher price for it. 

We have seen that production may take place under 
five different circumstances. 

1. Absence of monopoly; all persons being capable 
of producing with equal advantage. 

2. A monopoly under which the monopolist has not 
the exclusive power of producing, but exclusive facilities 
as a producer, which may be employed indefinitely with 
equal or increasing advantage. 

3. A monopoly under which the monopolist is the 
only producer, and cannot increase the amount of his 
produce. 

4. A monopoly under which the monopolist is the 
only producer, and can increase indefinitely, with equal 
or increasing advantage, the amount of his produce. 

5. A monopoly under which the monopolist is not 
the only producer, but has peculiar facilities which di¬ 
minish and ultimately disappear as he increases the 
amount of his produce. 

The price of those commodities which arc compre¬ 
hended in the first class appears to be subject to laws 
capable of accurate investigation. Where labour alone 
has been employed, the price must be equal to the wages 
of that labour. Where that labour has been assisted by 
abstinence, or, in other words, where a period has elapsed 
between the employment of the labour and the stile of 
its produce, the price must be equal to the uniouut of 
the wages of that labour and the remuneration to be 
paid either to the labourer for having suffered the pay¬ 
ment of Iris wages to be deferred, or to the capitalist wlto 
has paid those wages in advance. 

There are, however, very few commodities of which 
the whole price can be resolved into the remuneration for 
the labour, or the abstinence, or both, which must be 
bestowed on their production. 

Mere abstinence can produce nothing. Labour, or 
the agency of nature, must afford the subject with re¬ 
spect to which it is to be exercised. It is possible, in¬ 
deed, that a natural agent universally accessible may 
sometimes afford a product of no value at first, but capa¬ 
ble of becoming valuable by mere keeping; .but no in¬ 
stance of the kind occurs to us, and some little trouble is 
generally requisite for the mere safe custody of any 
article. 

Mere labour doe* produce a very few articles. The 
laver-collected and sold on the coast of Devonshire is an 
example. It grows naturally on the unappropriated 
rocks within the influence of the tide, and in abundance 
practically unlimited. No instruments are necessary to 


gather or prepare it, and, as it wiH not keep, it is sold as Political 
soon as it has been collected ami washed. The price of Bcomtm T- 
a given quantity consists, therefore, merely of the wages '“TV*'' 
of those who gather, wash, ami bring it lo market. & Pistribu- 

A class of commodities, perhaps rather larger, but p““ c ' e . 
still inconsiderable when compared with the general 
mass, is produced by labour and abstinence, assisted 
only by those natural agents which are universally ac¬ 
cessible. It is difficult, however, to point out an article, 
however simple, that can be exposed to sale without the 
concurrence, direct or indirect, of many hundred,or, more 
frequently, of many thousand different producers; almost 
every one of whom will be found to have been aided by 
some monopolized agent. 

There are few tilings of which the price seems to con¬ 
sist more exclusively of wages and profits than a watch;* 
but if we trace it front the mine to the pocket of the 
purchaser, we shall lie struck by the payment of rent 
(the invariable sign of the agency of some instrument 
not universally accessible) at every stage of its progress. 

Rent was paid for the privilege of extracting from the 
mines the metals of which it is composed ; for the land 
which afforded the materials of the ships in which 
those metals were transported to an English port; for 
the wharfs at which they were landed, and the ware¬ 
houses where they were exposed to sale; the watch¬ 
maker pays a rent for the land covered by his manufac¬ 
tories, and the retailer for that on which his shop is 
situated. The miner, the shipwright, the house-builder, 
and the watchmaker ail use implements formed of 
materials produced by the same processes as the mate¬ 
rials of the watch, and subject also in their different 
stages to similar payments of rent. The whole amount 
of all these different payments forms probably a very 
small portion of the value of the watch, but if we were 
to attempt to enumerate them they would be found sub¬ 
divided into ramifications too minute for calculation. 

What remains consists of the wages ot the workmen, 
and the profits of the capitalists who paid those wages 
in advance. The attempt to trace back these wages 
and profits to their earliest beginnings would be as vain 
as the attempt to enumerate all the payments of rent. 

In estimating, therefore, the value ot a manufactured 
commodity, we seldom go further back than to the price 
paid by the manufacturer for his materials and iinple 
meats, a price which must have included all previous 
payments of rent, wages, and profits. 

We will now trace the causes which increase tile value 
of those materials alter they have been the projieity of 
the manufacturer. We will suppose a vvatchma'ker’s 
capital to consist of materials worth £*500, that he has 
bought the land covered by his buildings for £'500, and 
has expended £900 in erecting them, that his tools 
lmve cost him £T00, and that an annual expense of 
£‘100 is necessary to keep his buildings and tools in 
repair. We will suppose him to employ ten workmen, 
each receiving at au average £1100 a year, and that one 
year is the average period from the commencement to 
the sale of a watch. We will suppose that his tea 
workmen can annually convert his .£500 woith ol ma¬ 
terials into five hundred watches, and that the average 
rate of profit in his business amounts to ten per centum 
per annum. To give him this profit it is clear that his 
watches must sell for 


* It has been used by M. Canard, M. Fiores hi*trad.i ( and Mr* 
M'CuUoeh, as an example of the value derived from lateur alone. 
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Value of materials.... £500 

Wages for a year. 1000 

Repairs for a year. 100 

Profit on the advance of these sums! 1600 
nd on the value of the land, and 
buildings, and tools, for half a year, 
at ten per cent, per annum. 

£1755 

It will be observed that, although a year is supposed 
to elapse between the commencement and the sale of a 
watch, we suppose the cost of its production to have 
been advanced for only half a year. The fact is that 
some part of the advances must have been mude for 
more, and some for less than half a year. Supposing a 
workman to have been employed on the watch for a 
year, and paid daily, he received his first day's wages 
one year before the watch was sold, but his last day’s 
wages on the very clay of the sale; six months, therefore, 
is the average period for which the whole were ad¬ 
vanced before the sale; just as large a proportion 
having been advanced for a shorter as for a longer 
period. 

It will be observed, too, that we suppose the whole 
value of the materials, repairs, and wages to be repaid, 
but only a profit on the value of the land, buildings, 
and tools. The first are annually expended by the 
capitalist, the second remain to tie used as instruments 
of further production. The lund is indestructible, and 
the damage done to the buildings and tools is paid for 
by the £100 supposed to be expended in repairs. 

But the whole cost of production has not yet keen 
enumerated. 

In the first place, some wages must be allowed to the 
master watchmaker himself for his labour in superin¬ 
tending his business; and, secondly, some profit on 
the expense of his education. Aud as his knowledge 


tion imposed on the shop and other instruments of pro- 
duction used by the watchmaker to amount to £53 7s., . c “ nuiny 
the profit on the advance of this sum for half a year 
would exceed by a slight fraction £2 13s., together t , on> 

£56, making with the £1944, the amount of our pre- Price, 
vious calculation, the sum of £2000, the whole cost of 
production of the five hundred watches, or £4 a piece. 

The different sums in this example have of course 
been taken at random; but wc have thought it worth 
while to go through it partly as an instance of the cal¬ 
culations on which every manufacturer must found his 
estimate of the profit or loss likely to follow any given 
undertaking; and partly to show in how many shapes, 
labour, ubslinence, and the agency of nature, or, in 
other words, rent, profits, and wages, arc constantly re¬ 
appearing in every productive process. 

When wc speak, therefore, of a class of commodities 
as produced under circumstances of equal competition, 
or as the result of labour and abstinence unassisted by 
any other appropriated agent, and consider their price as 
equal to the sum of the wages and profits that must be 
paid for their production, we do not mean to state that 
any such commodities exist, hut that, if they did exist, 
such would be the laws by which their price would be 
regulated ; and thut so far os labour or abstinence, or 
both, are conducive to the production of any given 
commodity, it is to be considered as produced under 
circumstances of equal competition, and as worth the 
wages or profits, or both, with which that labour or 
abstinence, or both, must be remunerated. 

The prices of the commodities comprised in the 
second, third, and fourth classes ure but little governed 
by any general rules. The prices of those comprised 
in the second class cannot rise above the cost of pro¬ 
duction when uimssistcd by the monopolized agent, hut 
have a tendency to approach the cost of production to 
the monopolist. The prices of those comprised in the 
third end fourth classes have no necessary limits, but 


and habits, which form his mental capital, will not sur- approach much more nearly to the cost of production in 
vive him, something more thau the average rate of pro- the fourth class, where the monopolist can increase his 
fit is necessary to replace their value. produce, than in the third class, where nature strictly 

If we suppose the expense of his education to have limits the amount that can be produced, 
amounted to £ 1000, and that it will be replaced with The price of the commodities comprised in the fifih 
average profit by an annual return of £15 per cent., and last class, those which are produced under what 
and the average wages of labour to be £30 a year, we may be called unequal competition or qualified mono- 
liave £180 to add to the price of the watches, aud £9 poly, where all persons may become producers, but 
more for the advance of this sum for half a year, making every additional quantity is obtained at a greater pro- 
£1944. portiouate expense, has a constant tendency to coincide 

The last source of expense is taxation, or, in other with the cost of production of that portion which is con- 
words, the wages and profits of those who have pro- tinned to be produced at the greatest expense. The 
tected all the different producers of the watches from annual supply of London requires about one million 
foreign and domestic violence and fraud. A considerable five hundred thousand quarters of wheat. Of this 
portion of the price paid by the watchmaker for his ma- quantity, perhaps fifty thousand can .he obtained only 
terials, tools, and buildings, probably consisted of the by means of high cultivation, or very distant carriage, 
taxation to which those commodities had been previously at an expense of about 50.t. a quarter. While the 
subjected; but the taxation which we are now consider- wants and the wealth of the inhabitants of London are 
ing is that which he incurs during the year supposed such as to make them require, and enable them to pur- 
to be employed iu manufacturing the watch. chuse, one million five hundred thousand quarters, and 

This is an expense little cupablc of previous estimn- the expenses ofcarriage and cultivation remain unaltered, 
tion; partly because the expenses of government are it is clear that the whole quantity, supposing it to be of 
subject to constant variation, and partly because no uniform quality, must sell at the rate of 50*. a quarter, 
general principle regulates the proportions in which those If it were to sell for less, the last fifty thousand quarters 
expenses are divided among the contributors. In Eng- would cease to be produced, and the price would again 
land they are in general imposed upon the persons using, rise in consequence of the deficiency of the supply, 
or producing certain commodities; upon the use, for in- But of the whole one million five hundred thousand 
stance, of a carriage or window, and upon the production quarters, a portion, perhaps fifty thousand, might be 
of candles or glass. We will suppose the annual taxa- produced by slightly cultivating the most fertile and 
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Political best situated land, at the expense of 10a. a quarter. 

Kcooomy. ^ hundred thousand may cost the producer 20s. a 
quarter, two hundred thousand 25s., two hundred thou- 
tioi| U * sand more 30s. a quarter, and the cost of production of 
Kent. all, except the last fifty thousand, must have been less 
than the 50*. for which they are sold. The difference 
between the price and the cost of production is rent. 
It is an advantage derived from the use of a natural agent 
not universally accessible. It is taken, therefore, by the 
owner of the agent by whose assistance it was obtained. 

A portion of the whole supply, iiowever, that portion 
which is produced at the greatest expense, is produced 
without any payment of rent. If the cost of producing 
and sending to market from a given farm be in the fol¬ 
lowing proportions: for one hundred quarters £1000, 
for ninety more £100, for eighty more £100, for 
seventy more £100, for sixty more £100, for filly more 
£100, for forty more £100, mid for thirty-three and one- 
third of a quarter more £100, and the price per 
quarter is 60*., it is dear that the landlord's rent will be 


in the following proportions: 

On the first £100 expended.£200 

On the second 100. 170 

On the third 100. 140 

On the fourth 100. 110 

On the fifth 100. 80 

On the sixth 100. 50 

On the seventh 100. 20 

In all. £770 


And it is equally clear that no rent can be paid by 
the farmer for tiie privilege of producing the last thirty- 
three one-third quarters, as the whole £100 for which it 
sells is absorbed liy the cost of production. The last 
thirty-three one-third quarters will continue to be pro¬ 
duced as long as the wants and the wealth of the pur¬ 
chasers render them willing and able to purchase a 
quantity of com, the whole of which cannot be supplied 
unless this last and most expensive portion is pro¬ 
duced. If those wants and wealth should increase, it 
might become necessary to raise uu additional supply at 
a still further additional expense, at the cost, we will 
say, of £i00 for only twenty quarters. Hut it is clear 
that this could not be done unless the price should be 
£5 a quarter, since that is the lowest price at which the 
cost of producing the last supply would be repaid. The 
price, indeed, would probably have previously risen to 
above £5 a quarter, since an interval must have elapsed 
between the increased demand occasioned by the in¬ 
creased wants and wealth of the purchasers and the 
increase of the supply. During that interval the price 
must have riseu somewhat above the price at which it 
would settle when the additional supply bud been ob¬ 
tained. The appearance of that additional supply would 
sink it to £5 a quarter, tiic cost at wiiicii that supply is 
produced, but it could uot permanently fall below that 
price unless a diminution should take place cither in 
the wauls or wealth of the purchasers, or in the ex¬ 
penses of cultivation or conveyance. 

All this appears almost too plain for formal statement. 
It is however one of the most recent discoveries in 
Political Science: so recent that it can scarcely be said 
to be universally admitted even in this Country, and 
that abroad it does not seem to be even comprehended. 
If any writer could be expected to be fully master of it 
it would .be Say, the most distinguished of the Continental 
Economists, and the annotator ou Ricardo, In his 

VOL. VI. 


notes to the French translation of the Prinripl,s of Political 
Political Economy and Taxation , he constantly obji cts Economy, 
to Mr. Ricardo’s reasonings, the fact that all cultivated ' 

land pays rent; as if such a fact were inconsistent win, 
the existence of corn raised without the payment of 
rent. He repents this objection in a note to a passage " 
in which Ricardo has demonstrated its falsity. In the 
twenty-fourth chapter of the Principles, Mr. Iticardo 
examines Adain Smith's opinions on rent. 

“ Adam Smith,” observes Mr, Ricardo, “ had adopted 
the notion that there were some parts of the produce of 
land for which the demand must always be such as to 
atford a greuter price than what is sufficient to bring 
them to market; and he considered food as uue (if 
those parts. 

“ He says that ‘ land in almost every situation pro¬ 
duces a greater quantity of food than what is sufficient 
to maintain all the labour necessary for bringing it to 
market, in the most liberal way in which labour is ever 
maintained. The surplus, too, is always more than 
sufficient to replace the stock which employed that 
lubour, together with its profits. Something, therefore, 
always remains for a rent to the landlord.’ 

“ Rut what proof does he give of this ? No other 
than tiie assertion that ‘ the most desert moors in Norway 
and Scotland produce some sort of pasture tor cattle, of 
which the milk and the increase arc always more than 
sufficient not only to maintuin all the labour necessary 
for tending them, and to pay the ordinary profit to the 
farmer or owner of the herd or flock, but to aflbrd some 
small rent to the landlord.’ Now of this I may be 
permitted to entertain a doubt. I believe that us yet in 
every Country, from the rudest to the most refined, 
there is land of such a quality that it cannot yield a 
produce more than sufficiently valuable to replai e the 
stock employed on it, together with the profits ordinary 
and usual in that Country. In America wc all know 
that this is the case, and yet no one maintains that the 
principles which regulate rent are different in that 
Country and in Europe. But if it were true that Eng¬ 
land had so far advanced in cultivation, that at this 
time there were no lands remaining which did not afford 
a rent, it would be equally true, that there formerly 
must have been such lauds; and that whether Hu re he 
or not, is of no importance to this question, for it i\ the 
same thing if there be any capital employed in Ureal 
Britain on land which yu Uls only the return of stork 
with its ordinary proji/s, whether it he employed on 
new or old land. If a tanner agrees for land on a lease 
for seven or fourteen years, he may propose to employ 
on it a capital of £ 10.000, knowing that at the ex¬ 
isting price of grain and raw produce he cau replac; 
that part of his stock which he is obliged to expend, 
pay his rent, and obtain the general rate of profit, lie 
will not employ £l 1,000 unless the last £1000 can be 
employed so productively as to aflbrd him the usual 
profits of stock. In his calculation whether he sh.-ol 
employ it or not, he considers only whether tiie price • 1 
raw produce is suflicient to replace his expenses and 
profits, for he knows that lie shall have no additional 
rent to pay. Even at the expiration of his lease his rent 
will not be raised; for if his landlord should require 
rent, because this additional £1000 was employed, he 
would withdraw it, since by employing it lie gets by the 
supposition, only the ordinary and usual profits which 
he may obtain by any other employment ot stock. 
Principles, <$v., 389—391. 
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Political To this passage, M. Say affixes the following note: 
Ecuuum). ‘•'phis is precisely what Adam Smith does not admit, 
Distrilm- s ' nce sli y H 'hot the worst land in Scotland gives to its 
tion. proprietor a rent. 1 ’ We auswer to M. Say : “ This is 

Kent. precisely what Mr. Ricardo declares to be immaterial, 

since a portion of what is produced on a farm giving a 
rent often guineas un acre, may be produced without 
any rent being paid for the privilege of producing it.’’ 

It must be admitted, however, that the doctrine in 
question has often been stated in a form likely to con¬ 
fuse the dull or inattentive, and liable to the cavils of 
the tincundid. Mr, Ricardo, who, though not its dis¬ 
coverer, is its best known expositor, was led, both by 
his merits and his deftciences, into frequent inaccuracy 
of language, lie was not enough master of logic to 
obtain precision, or even to estimate its importance. II is 
sagacity prevented his making sufficient allowance for the 
stupidity or carelessness of bis readers; and be was too 
earnest a lover of truth to anticipate w ilfiil misconstruction. 

Under the influence ol these causes he is, perhaps, the 
most incorrect writer who ever attained philosophical 
eminence; and there are few subjects on which he has 
been guilty of more faults of expression than on relit. 

lie perceived that an increased will and power cm 
the part of the community to purchase raw produce, 
and the impossibility of increasing the supply but at an 
increased expense, must necessarily ruisc rents, and 
must also occasion an extension of cultivation. Asso¬ 
ciating, therefore, in his own mind the ideas of the rise 
of rents and of the extension of cultivation, he has often 
spoken of them as if they stood in the relation of cause 
ami effect; as if the extension of cultivation were a 
cause of the rise of rent, instead of being, as it obviously 
is, a means by which that rise is coii..tcracled. The 
inaccuracy is so obvious that we can scarcely suppose it 
to have misled any reader of tolerable care and acuteness. 

He has also too frequently used the expression “ tile 
corn raised on land paying no rent,” as an equivalent 
for “ the corn raised without the payment of rent.’’ 
And when his opponents reply, as is true, that ‘‘in old 
Countries all land pays a rent,” he has sometimes denied 
the truth of the reply, instead of showing, as he has done 
in the passage which w e have quoted, that the doctrine 
is just as true when applied to a small district in which 
all the land is highly rented, as when applied to a 
colony where rent is the exception and ficedom from it 
the rule. 

Again, he has often spoken of the existence of rent 
as dependent on the cultivation of land of different 
degrees of fertility, or on the fact that the same land 
repays, with a proportionally smaller return, the applica¬ 
tion of additional capital. And yet it is dear that if we 
suppose the existence of a populous and opulent dis¬ 
trict of great but uniform fertility, giving a large return 
to a given expenditure ofcapital, but incapable of giving 
any return whatever on a less expenditure, or any 
greater return on a larger expenditure, such a district 
would afford a high rent though every rood of land 
and every portion of the capital applied to it would be 
equally productive. 

We now proceed to consider some remarkable con¬ 
sequences of the proposition that additional labour when 
employed in manufactures is more, and when employed 
iti agriculture less efficient iu proportion; or, in other 
words, that the efficiency of labour increases in manu¬ 
factures in an increasing ratio, and in agriculture in a 


decreasing ratio. And, consequently, that every addi- ^j*}***** 1 
tional quantity of manufactured produce is obtained, so f* 

fur as the manufacturing it is alone concerned, at a lean outribm 
proportionate cost, and every additional quantity of t j 011i 
agricultural produce is obtained, generally speaking, at 
a greater proportionate cost. 

So far as the price of any commodity is affected by Different 
the value of the new material of which it is formed, it ‘'fleets<>f in- 
has a tendency to rise, so far as the price consists of the " ‘ 0 „ " 

remuneration to be paid for the labour and abstinence of^nufac- 
those employed in manufacturing it, it has a tendency to tured und 
fall, with the increase of population. raw pro- 

it is obvious that commodities of rude or simple <lua '' 
workmanship arc subject to the first rule, and the finer 
manufactures to the second. Bread may afford an 
instance of the first kind, and lace of the second. The 
uveinge price in England of a half-peck loaf is now about 
lx. 3d. Of this sum Hid., at least, may be assumed to be 
the price of the wheat; the wages and profit of the miller, 
baker, and retailer absorbing the remainder. If cir¬ 
cumstances should arise, requiring the present supply 
of bread to be immediately doubled from our home- 
produce, it is obvious that the iucAused supply of 
wheat could not be obtained by merely doubling the 
amount of labour now employed in its production. It 
is impossible to say to what amount the increased diffi¬ 
culty of production would raise the price of wheat; vve 
will, however, suppose it to be doubled, and the price of 
the wheat necessary to make a half-peck Ion I to be lx. H d. 
instead of 10d.; at the same time the increased labour 
employed in its manufacture and sule would become 
more efficient. The miller and the baker would em¬ 
ploy better instruments und a greater division of labour, 
mid the retailer would be ubie to double his snles at 
little additional expense. The price of bread, so far only 
os its manufacture and retail is concerned, would lie 
reduced perhaps one-fourth, or from &d. to 3$tf. lit 
which case, the whole result of the increased produc¬ 
tion would be that the half-peck loaf would sell for 
1*. llftf. instead of 1*. 3d. 

We will now see what would be the effect of an 
increased use of lace. 

At the present price of lace and cotton, a pound of 
cotton worth, in the Livcrpool-market, 2s., may be 
converted into a piece of lace worth 100 guineas. 

Suppose the consumption of lace to double, and the 
increased difficulty of producing the additional quantity 
of the cotton fit for laccuiaking to raise its price from 
2*. to 4*. a pound; the price of the lace, supposing it 
still to be manufactured at the same expense, would 
be raised one thousand and fiftieth part, or from £105 
to £105 2.». But it is impossible tq doubt that the 
stimulus thus applied to the production of lace would 
improve evcTy process of the manufacture. We should 
probubly much underrate the amount of that improve¬ 
ment if we were to estimate the consequent saving of 
expense at cue-fourth; in which case the whole result of 
the increased production would be that the lace would 
sell for £78 17*. instead of £105; the same circum¬ 
stances which would nearly double the price of bread 
would reduce by one-fourth the price of lade. 

Another inference from the proposition in question is 
the difference between the effects of taxation when im¬ 
posed on raw produce and when imposed on manufac¬ 
tured produce. 
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Taxes on manufactured commodities ultimately raise 
the price, and that by an amount exceeding the amount 
of the tax. Taxes on agricultural produce in its un¬ 
manufactured state do not necessarily occasion any ulti¬ 
mate rise of price, mid raise t, if at all, by an amount less 
than that of the tux. 

The first proposition may be easily illustrated. 

We will suppose n tax on watches of twenty-five per 
cent, on their.value to have existed from the com¬ 
mencement of that trade. As there is no reason to 
suppose that the profits or the wages of master watch¬ 
makers or their workmen are, under present circum¬ 
stances, above tiie average wages aud profits of persons 
similarly employed, it is clear that, if such a tax had 
always existed, the price for the time being of watches 
must always have been one-fourth higher than it has 
been, or the trade of watchmaking would huve been 
followed neither by labourers nor capitalists. It is clear 
also that such an increase of price must always have 
diminished or retarded in its increase the sale, and, 
consequently, the production of watches. .But if fewer 
watches had been made, the smaller number would have 
been made at a greater pro[>ortioiiate expense. And the 
price of watches»must have been higher than it actually 
has been, first by the amount of the tax, and 
secondly by the greater expensivencss of the more 
limited manufacture. It is equally clear that, after the 
removal of such a tax, the price of watches would sink, 
first by the amount of the tux removed, snd secondly by 
the improvement in the manufacture consequent on an 
increased production. It is equally clear that, if such a 
tax were now for the first time to be imposed, the price 
of watches must rise, first by the amount of the tax, and 
secondly by the amount of the increased proportionate 
expense of making and selling the diminished quantity 
sold, or watchmaking would cease to be ns profitable as 
the average of trades. It is clear, too, that the more 
the use of watches diminished the higher the price 
must eventually rise. If only ten new watches were 
made every year, they would probably cost -£:>00 
a-piece. If only one were made, it would probably 
cost little less than the whole price of the ten. It is 
true that these effects would not immediately follow 
either the imposition or the removal of the tax: an 
interval must in either case elapse, during which, the 
existing capital in the watchmaking trade continuing the 
same, the supply of watches would be neither increased 
nor diminished, and, consequently, the price but little 
affected. During this interval, both the wages and the 
profits of those engaged in that business would be 
unnaturally high, or unnaturally low, and they would 
not acquire their natural level until, in the case of the 
removal of the tax, a sufficient number of persons were 
educated to the busmens, or, in the case of the imposition 
of the tax, the number of persons educated to the 
business bad been sufficiently diminished, to enable the 
supply of watches to be proportioned to the demand, at a 
price giving average profits and wages to the capitalists 
and labourers employed in their manufactory and sale. 

But if agricultural produce were subjected to such a 
tax, relief would be afforded by precisely the same 
conduct which in manufactures aggravates the pressure, 
namely, by a diminution of production. 

It may be assumed tliat capital is fairly distributed 
among the various channels for its employment, and 
that, in the absence of peculiar disturbing causes, agri¬ 
culture, the most agreeable of all occupations, has not 


less than an average share of it. It may therefore be Political 
assumed, generally speaking, that capital is employed on Economy, 
land until its produce repays, but does not more than 
repay, the expense of cultivation ; or, in other words 
that the occupier ofland pushes its cultivation mud the 0 f 
additional produce obtained by means of the last lalmur- taxation on 
era employed is just sufficient, at the existing pricc» to agricultural 
pay their wages, and average profits to himself, for the ou¬ 
tline during which those wages must he paid in advance. 

On the imposition of a tax, either the price of what he 
produces must rise by the amount of the tax. or the 
farmer must discontinue the production of that portion 
of his crop which is raised at the greatest expense. 

We will suppose a farmer to occupy a farm contain¬ 
ing six hundred acres of arable land of different degrees 
of fertility; one hundred acres of which, with the labour 
ol ten men directly and indirectly employed on them, 
would give a return which, in orde* to reduce it to one 
denomination, we will cull six quarters of wheat an acre ; 
one hundred others capable of giving with an equal 
number of men only five quarters per acre; one hun¬ 
dred others, four quarters per acre ; one hundred others, 
three quarters per acre ; one hundred others, two quar¬ 
ters per acre; and the last ami worst one hundred acres, 
only one quarter per acre. We will suppose, also, that 
the wages of ten men for a year amonnt at an average 
to £400, or £40 a man; that the farmer has to ad¬ 
vance these wages for a year before the produce is sold ; 
and that the average rate of profit in similar occupation*, 
is ten per cent, per annum. Under such circumstances, 
when wheat was £2 4s. a quarter it would he worth hi* 
while to employ every man wIiosp labour produced twenty- 
quarters, the price of which would amount to £ 1J, being 
£40 for the labourer’s wages, and £4 litr the farmer’s 
profit. Tile forty men supposed to be employed on 
the four best qualities of soil produce each this amount 
and more.; the ten men employed on the fifth quality of 
soil produce each precisely this amount, namely, a return 
of two hundred quarters, worth £440. The sixth and 
last quality of soil, on which one man could produce 
only ten quarters, would not repay the cultivation ol' 
wheat. Now, if a tax were laid on raw produce, which, 
to make the illustrations less complex, we will call a 
tax of 14*. fit/, on every quarter of wheat, and no rise 
of price should take place, it is obvious that it would no 
longer be worth his while to cultivate any land of worse 
quality than that in which the labour of ten men could 
produce three hundred quarters of corn ; a return which, 
at the existing price of £2 4s. a quarter, would procure 
£C60, being £-220 for the tax, and £440 as before for 
wages and profits. But it would obviously be woith 
his while to cultivate land of that quality, and also ( o 
employ labour in the cultivation of his superior land up 
to the point of which the labour of an additional man 
would no longer produce an additional produce of thirty 
quarters. Nothing but a tax so great as absolutely to 
prohibit agriculture, such a tax as never has existed, 
and which would, in fact, be rather n penalty than a tax, 
could induce him to discharge all his labourer*, and 
leave his best land uncultivated. Wc do not deny that 
he would be a loser, even by the conduct which wo 
have supposed him to adopt. We do not deny that lie 
would much have preferred a rise in the price of corn 
equal to the tax,—a rise which would have enabled him 
to continue in its existing investment all his agricultural 
capital. But we deny that any imposition to which the 
name of a tax can fairly be applied, though iniaceom- 



180 


POLITICAL ECONOMY. 


Political 
Kcononiy. 
v -—v*-' 
Distribu¬ 
tion. 

Effect of 
taxation on 
agricultural 
produce. 


panied by a rise of price, would induce him altogether to 
discontinue production. And we wish to draw the atten¬ 
tion of our renders to the contrast between his situation 
and that of the manufacturer, whom any tax, however 
slight, if unaccompanied by a rise of price, must 
in time force to discontinue manufacturing. What is 
a remedy to the agriculturist is an aggravation of evil 
to the manufacturer; a diminution of capital makes 
what remains in agriculture more productive, and mukes 
what remains in manufactures less so. 


It has been supposed, however, that the price of agri¬ 
cultural produce would rise to the full umounl ot the 
tax, and that the whole amount of that tax would con¬ 
sequently fall on the consumer. This is the opinion of 
Mr. Ricardo and of Sir. Mill. And it is on tins ground 
that they both maintain that the ell'ect of tithes is to pro¬ 
duce a rise iu the price of raw produce equal to the whole 
value of the tithe, and affecting equally all classes so tar 
as they arc consumers of raw produce. We believe that 
the immediate effect of a general tax on raw produce is 
to raise its price, but to nn amount not equal to that of 
the tax; but that its ultimate effect is to diminish the 


consumption and production of raw produce, hut to 
kune its price unaffected 

To prove our first proposition we need only 
show that t he rise of price, which we admit to be 
tiie immediate consequence of the imposition ot the 
tax, would diminish the consumption, and consequently 
the production of the taxed commodity. It has been 
shown already that, as production is diminished, the 
expense of producing the quantity still produced is di¬ 
minished ; and that the price of agricultural produce 
depends on the expense of producing that portion of it 
which is produced at the greatest expense, or, in other 
words, under circumstances of equal competition. That 
no person would diminish his consumption of corn in con¬ 
sequence of the rise of its price, is therefore a premise 
necessary to the conclusion which we are combating. 
This is true as respects that portion of the population of 
England which is dependent on parochial relief. In those 
districts in which the amount of that relief is calculated 


with reference to the price of bread, their means of pur¬ 
chasing are unconnected with price, and neither rise witli 
its fall nor sink with its rise. It is true, also, as respects 
the families of those opulent individuals (a prominent, but 
in fact a small portion of society) whose direct expen¬ 
diture in bread and flour bears a small proportion to 
their general expenses. Rut the bulk of the community, 
consisting of the labourers who receive no parisfi assist¬ 
ance, and happily they are now the majority, and we 
trust will soon be the great majority; and the smaller 
shopkeepers and farmers, unquestionably regulate, in a 
great measure, their purchases of wheat by its price. 
Much of their consumption, when it is comparatively 
cheap, consists of puddings and pies, articles of mere 
luxury, which, on the slightest rise, are immediately dis¬ 
continued. If the rise continue, they turn from wiieaten 
bread to cheaper subsistence: in the North to oatmeal, 
in the South to potatoes. And, indeed, without recurring 
to details, it may be laid down as a principle of universal 
application, that, in the absence of disturbing causes, 
every increase in the price of a commodity must diminish 
both the ability and the will to purchase it. 

We now proceed to prove our second proposition, 
namely, that the ultimate effect of a tax on raw produce is 
not to raise its price, but to diminish the quantity pro¬ 
duced. It will be at once admitted that the price of raw 


produce, in any Country, does not depend on the positive Political 
extent, or on the positive fertility of that Country, but, all . conomy ‘ 
the other things remaining the same, on the proportion 
which that extent, or that fertility bears to the number and ti< in . 
wealth of the existing inhabitants. It may be low ill a Effect of 
barren territory, if that territory be thinly peopled, just us taxation on 
it may be high iu a fertile nnd populous one. It is high 
in the rich Lowlands of Scotland, and low in the sandy 
plains of Poland. And it will also be admitted that, ull 
other things remaining the same, the population of a 
Country is iu proportion to its extent nnd its fertility. 

Now, the ultimate effect of tithes, or of any other tax, on 
the cultivation of land is precisely the same as if the 
Country in which they have long prevailed were thereby • 
rendered rather less extensive, or rather less fertile, 
and consequently, rather less populous, and probably 
also rattier poorer than it otherwise would have been. 

If England, from time immemorial, had been rather 
more extensive, or rather more fertile than it now is, no 
one will suppose that the price of provisions would have 
been lower than it now is. We should have had rather 
more corn, and a rather greater population to eat that 
corn, than we now' have. The increase would have been 


positive, not relative. S.v if Devonshire or Lincolnshire 
had never existed, the agricultural produce and the popu¬ 
lation of England would each have been positively dimi¬ 
nished ; but, as they would have borne the same propor¬ 
tion to one another as they do now, the price of the 
existing quantity of corn could not have been higher 
than it is now. So if tithe-; had never existed, we 


should have had rather more coni, and a rather larger 
and probably a rather richer population; every tiling 
else would have been as it is. It is true that, if u 
new Devonshire, or a new Lincolnshire, fit lor im¬ 


mediate cultivation, were now suddenly added to our 
shores, the immediate consequences would be, nn in¬ 
creased supply of provisions, and a fall in their price. Rut 
it is also true that, if this accession to our territory were 
followed by no change in our habits and institutions, the 
comparative cheapness, which would be its immediate 
consequence, would gradually disappear as our population 
rose with the increased supply of subsistence, and, ulti¬ 
mately, we should be just where wc are now, excepting 
that we should be rather more numerous. So, if tithes 
were suddenly commuted, and their interference, such as 
it is, with agricultural improvement, got rid of, the same 
consequences would follow as if the extent of our ter¬ 
ritory, or its fettilily were suddenly augmented. And, 
supposing no improvement to take place in our institu¬ 
tions and habits, the consequent increase of our popu¬ 
lation would bring us back, as far ns the price of pro¬ 
visions is concerned, to the point at which we are now. 

It is probable, indeed, that the ultimate effect of tho 
abolition of tithes would be not a lowering but an 
increase of the price of raw produce. A denser popula¬ 
tion cultivating a territory, the productiveness of which 
had increased in proportion to the increased number of 
its inhabitants, would probably advance in opulence. 
The productiveness of the soil of a Country in propor¬ 
tion to its population being given, or, in other words, 
the amount of raw produce and the number of people 
being ascertained, the smaller the extent of the land 
from which that amount is obtained the better. The 
expenses of transport, and the trouble and loss of time 
in journeys, are inateriul elements of the cost of produc¬ 
tion lioth in agriculture and in manufactures, and the 
amount of these expenses depends principally on the 
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Political extent of Country afford ini? a given return. As our 
Economy. j, u | u 8 t r y became more efficient the value of our labour 
would rise in the general market of the world, and the 
tin'n r * U " consequence would be a general rise of prices, in which 

Ktfect of agricultural produce would participate. Rut these 

taxation on statements form no part ofotir argument. We believe, 
ngrietilturnl indued, that the ultimate effect of tithes is to lower the 
produce. p,.§ ce 0 f rHW produce: but all that we have undertaken 
to show is, that they do not raise it. 

From these premises follow very important practical 
inferences. If we lay a tux on the production at home 
of any manufactured commodity which is produced with 
the same, or nearly the same, facility abroad, it is abso- 
• lutely necessary that a duty of the same, or a rather 
greater amount, should be imposed on the importation 
of that commodity. On the imposition of the tax the 
cost of production at home is increased, first by the tax, 
anil secondly by the increased expense of producing the 
smaller quantity which, when the price becomes tiigher, 
continues to be demanded. But if importation were 
untaxed, the cost of production abroad would be dimi¬ 
nished in consequence of the diminished proportionate 
expense of producing the larger quantity demanded. 
The domestic |froduction, and witli the domestic pro¬ 
duction the tax, would not be merely diminished, but 
absolutely destroyed, and the whole result would be 
giatiiitous evil. But when a tax, unbalanced by any 
countervailing duty on importation, is imposed on any 
agricultural produce for which a foreign substitute can 
be obtained, tiie only result is to stop that portion which 
is most erprnxirc of the domestic production. The 
least productive part of the existing agvicultinal capital 
is withdrawn, or worn out without being replaced. The 
deficiency is attempted to be supplied try importation ; 
but the increased demand instead of lowering, as would 
be the case with manufactures, raises the cost of produc¬ 
tion abroad, just its the diminished demand, instead of 
raising, lowers the cost of production at home. The 
price of agricultural produce rises until the state of the 
population has accommodated itself to the change, and 
then falls to its former level. If our present heavy tax 
ou the domestic production of glass were unbalanced by 
any duty on importation, all the Kurdish glass-works 
would in time Ire abandoued. Or, if some of our glass¬ 
works were free from the tax, and others subject to it, 
all those which were taxed would be ruined. But the 
lands iu England which are subject to the payment of 
tithes are not thrown out of cultivation hy the competi¬ 
tion of those which are free from that burden, or by the 
importation of the tithe-free com and cattle of Scotland, 
or of the comparatively tithe-free produce of Ireland. 
The estates which are subject to tithes continue to be 
productive, they continue even to atford a rent, though 
the burden diminishes the productiveness, and dimi¬ 
nishes in a still greater degree the rent. 

Before we quit the subject of tithes, it may be worth 
while to expose another error connected witli them, 
namely, the popular opiuion that their tendency to in¬ 
crease in amount is greater than that of reijt. We be¬ 
lieve the fact to be just the reverse. 

Tithes are a definite, rent is an indefinite, share of the 
produce. Tithes can never exceed a tenth ; rent need 
not be a tenth, or even a hundredth, but may amount to 
a fourth, a third, a half, or even more than a half. Tithes, 
therefore, can be exacted, where rent cannot be; but 
when once any spot of land can uthird to pay both rcut 
and tithes, there is no comparison between their respective 


181 


powers of increase. This will immediately appear on n Political 
reference to the familiar illustration of the progress of Kcononl y- 
rent. D s_»-v—' 

If we suppose a Country to be divided into ten dis- ,,ii!,ribu * 
tricts designated by the numbers from l to 10, each ufyw'Urf 
equal extent, but each of a different degree of fertility, taxation on 
No. 1 producing;, at a given expense, two hundred agricultural 
quarters of corn, and the amount of the produce, at the l""' uw - 
same expense, of each quality of land, diminishimr hy 
ten quarters until we come to No. 10, which produces 
only one hundred quarters, we shall find that whin Xu. 1 
only will pay for cultivation, it affords twenty quarters 
for tithes, and'no rent. When the price of corn has 
risen sufficiently to enable No. 2 to be cultivated, there 
will be on Nos. 1 and 2 thirty-nine quarters for tithes, 
and on No. 1 ten for rent. When No. 3 has become 
worth cultivation, there will be on Nos. 1, 2, and 3, fitiy- 
seven for tithes, and on Nos. 1 and 2 thirty for rent. 

When No. 4 has become worth cultivating, there will be 
on Nos. I, 2, 3, and I, seventy-four tor tithes, and on 
Nos. 1, 2, and 3, sixty for rent. When No. 5 lias become 
worth cultivating, there will be on Nos. 1, 2, 3, 4, and 5, 
ninety for tithes, and ou Nos. 1.2, 3 and 4, one hundred 
for rent. Rent has now passed tithes, and its subse¬ 
quent superiority is very striking. When No. 6 has be¬ 
come worth cultivating, there will be one hundred and 
five for tithes;and one hundred and fifty for rent. When 
No. 7 has become worth cultivating, there will be one 
hundred and nineteen for tithes, and two hundred and 
ten for rent. When No. 8 has become worth cultivating, 
tithes will be one hundred and thirtj-two, and rent two 
hundred and eighty. When No. 9 has become worth 
cultivating, tithes will be one hundred and forty-four, 
and rent three hundred and sixty. And when No. 10 
has become worth cultivating, tithes will be one hundred 
and fifty-five, and rent four hundred and fitly. And the 
same results will follow if, instead of supposing fresh 
land of a regularly decreasing fertility to be taken into 
cultivation, we suppose further capital to be applied to 
the same land, with n regularly decreasing proportionate 
return. Of course wt do not mean that either of these 


suppositions represents what actually takes place, but 
they each represent the course of events to which there is 
a natural tendency. They represent the relative ratio at 
which rent and tithes would increase in the absence of 
disturbing causes. It must be recollected, however, 
that these events would not take place in the regular 
order in which we have placed them, except oil the 
supposition of each different district which we have 
supposed to be successively cultivated being of the same 
extent, and of each successive application of capital being- 
of the same value. If, for instance. No. lU were teu 
times as large as any one of the other districts, and 
received ten times as much capita), it would iucreasc the 
whole nmountof titheable produce by one thousand quar¬ 
ters instead of by one hundred quarters, and tithes would 
be raised from one hundred and forty-four quarters to two 
hundred and forty-four quarters, while rent would have 
risen only from three hundred and sixty quarters to lour 
hundred and fifty. In such an event, therefore, tithes 
would rise more than rent. And it must ulso be recol¬ 
lected that tithes and rent do not rise at precisely the 
same period. The highest amount of rent must be just 
before the land producing the additional supply has been 
cultivated. The iucreased demand is then in full ope¬ 
ration, and has not beeu counteracted by the increased 
supply. But the amount of tithes is not increased until 
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Political after the additional supply has been produced. Tlteir 
Economy. i„ creasP> therefore, is generally contemporaneous with a 
temporary fall of rent: which is probably one of the 
tioii." >U * causes of the popular opinion that their general tendency 
Effect of to increase is greater than that of rent. Another source 
taxation on of that opinion is, that in England the land has been for 
agricultural centuries subject to a constant process of subdivision, 
produce. tithes, except the comparatively small part which 

belongs to laymen, have not. The incumbent of a given 
benefice receives the tithes of the same quantity of land 
which was tithed by his predecessor three hundred years 
ago. But that land three hundred years ago may have 
belonged to oue or two persons, and may now be 
divided between ten or twenty. The present incumbent’s 
income may bear a higher proportion than his prede¬ 
cessor's did to the average income of a single landlord, 
though it bears a lower proportion to the aggregate 
income of all the landlords of the parish. And as a 
general proposition, we have no doubt that, in a pro¬ 
gressive Country, the value of tithes will seldom increase 
in proportion to the increasing value of the land out of 
which they issue. 

It appears, therefore, that in a new or ill-peopled 
Country where the abundance of land and the waut of 
agricultural capital almost prevent the existence of 
rent, in the economical sense of the word, tithes are the 
only endowment which a Clergy can receive from the 
soil. We see, therefore, why they were adopted for the 
Israelites, who, in fact, were colonists, and by our Danish 
and Saxon ancestors. We see too why the attempt to 
endow with lands the Canadian Church has so signally 
failed. Tithes would not, perhaps, have been a politic, 
hut they would have been an actual endowment. The 
reserves stand so many de-ert spots in the midst of im¬ 
provements retarding the settlement, interrupting the 
communications, and injuring the wealth avid civiliza¬ 
tion of all that is round them Five centuries hence 
they might affotd an ample provision. 

Relative Proportions of Rent, Profit, and fVages, 

Proponmnt Having given a general outline of the three great 
of rout, classes among whom all that is produced is distributed, 
profit, ami alu j 0 f tfie general laws which regulate the comparative 
Komuncta- va ' ucs different products, we now prooeed to cou¬ 
ture. sider the general laws which regulate the proportions in 
which landlords, capitalists, and labourers share in the 
general distribution, or, in other words, which regulate 
the proportions which rent, profit, and wages bear to 
one another. 

We have followed the established nomenclature which 
divides society into landlords,capitalists, and labourers; 
and revenue into rent, wages, and profit. And we 
have defined rent to he the revenue spontaneously 
ottered by nature or accident; wages the reward of 
labour; and profit that of abstinence. At a distance 
these divisions appear, clearly marked, but when we 
look into the details, we find them so intermingled that 
it is scarcely possible to subject them to a classifica¬ 
tion which shall not sometimes appear to be incon¬ 
sistent, and still more frequently to be arbitrary. But 
it must be remembered that questions of classification 
relate rather to language than to facts; and that our 
object will have been effected if we can assist the 
memory by supplying a precise and consistent nomen¬ 
clature. 

We will begin by recurring to a subject to which wc 
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have already alluded, the frequent difficulty of deciding J £ ul ^ J 
whether u given revenue ought or ought not to be . 
called rent. When an estate has been for some time ni , ttibu . 
leased to a careful tenant, it generally receives perma- tion. 
nent ameliorations, which enable the owner, nt the ex- Proportions 
piration of the lease, to obtain a higher rent. A bog°f™»t, 
worth 2.4. annually an acre nmy be converted into arable 
or pasture worth annually £2. Is the increase of re- NomcncJa- 
venue rent or profit ? It arises from an additional ter- jure, 
tility, now inseparably attached to the laud. It is re¬ 
ceived by the owner without sacrifice on his part. It is, 
in fact, (indistinguishable from the previous rent. On 
the other hand, its existence is owing to the abstinence 
of the farmer, who devoted to a distant object, the ame¬ 
lioration of the land, labour which he might have em¬ 
ployed in producing immediate enjoyment for himself. 

If the owner of the estate had farmed it himself, and 
had directed labour to be employed on its permanent 
improvement, the additional produce occasioned by 
those improvements would clearly have been termed 
profit. It appears, therefore, most convenient to term 
it profit when occasioned by the improvements made 
by a tenant. 

In fact, these improvements are as consistently to be 
termed capital as a clock or a cotton-mill. W hose capital 
are they then ? During the lease the capital of the 
tenant; when it has fallen in, the capital of the landlord, 
who 1ms purchased them by engaging not to raise the 
rent during the currency of the lease. 

We may be asked, then, whether the improvements 
which form the greater part of the value of the soil of 
every well-cultivated district are all, and for ever, to he 
termed capital ? Whether Ihe payments received from 
his tenants by the present owner of a Lincolnshire estate, 
reclaimed by the Romans from the sea, are to be termed, 
not rent but profit on the capital which was expended 
hlteen centuries ago ? The answer is that, for all use¬ 
ful purposes, the distinction of profit from rent ceases as 
soon as the capital, from which a given revenue arises, 
has become, whether by gift or by inheritance, the pro¬ 
perty of a person to whose abstinence and exertions it 
did not owe its creation. The revenue arising trom a 
dock, or a wharf, or a canal is profit in the hands of the 
original constructor. It is the reward of his abstinence 
in having employed capital for the purposes of produc¬ 
tion instead of for those of enjoyment But in the hands 
of his heir it has nil the attributes of rent, it is to him 
the gift of fortune, not the result of a sacrifice. It may 
be said, indeed, that such a revenue is the reward for 
the owner’s abstinence in not selling the dock or the 
canal and spending its price in enjoyment. But the 
same remark applies to every species of transferable 
property. Every estate may be sold, and the purchase- 
money wasted. If the last basis of classification were 
adopted, the greater part of what every Political 
Economist has termed rent must be called profit. 

Again, there are few employments in which extraor¬ 
dinary powers of body or inind do not receive an extra¬ 
ordinary remuneration. It is the privilege of talent to 
work not only better but more easily. It will gene¬ 
rally be found, therefore^ that the commodity or service 
produced by a first-rate workman, while it sells for 
more than an average price, has cost less than an 
average amount of labour. Sir Walter Scott could write 
a volume with the labour of about three hours a day 
for a month, and for so doing received £500 or £1000. 

An ordinary writer, with equal application, would find 
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Political it difficult to produce a volume iu three months, and still 
Econ omy. more difficult to sell it for £50. 

Is then the extraordinary remuneration of the lubourer, 
tmn. rl 1 which is assisted by extraordinary talents, to be termed 
Proportion* rent or wages? It originates in the bounty of nature; 
of rent, so far it seems to be rent, ft is to be obtained ouly ou 
profit, and t|, e condition of undergoing labour; so far it seems to 
Numoncla- be wages. It might be termed, with equal correctness, 
tare. " rent, which can be received only by a labourer, or 
wages, which can be received only by the proprietor of 
a natural agent. But as it is clearly a surplus, the 
labour having been previously paid for by average 
wages, and that surplus the spontaneous gift of nature, 
we have thought it most convenient to term it rent. 
And for the same reason we term rent what might, with 
cquHl correctness, be termed fortuitous profit. We 
mean the surplus advantages which are sometimes 
derived from the employment of capital afier making 
full compensation for all the risk that has been encoun¬ 
tered, and all the sacrifices which have been made, by 
the capitalist. Such are the fortuitous profits of the 
holders of warlike stores on the breaking out of unex¬ 
pected hostilities; or of the holders of block cloth on the 
sudden death oPbne of the Royal family. Such would 
be the additional revenue of an Anglesea miner, if, 
instead of copper, he should come ou an equally 
fertile vein of silver. The silver would, without doubt, 
be obtained by means of labour and abstinence; but 
thry would have neen repaid by nn equal amount of 
copper. The extra value of the silver would be the 
gilt of nature, and therefore rent. 

Secondly. It is still more difficult to draw the line 
between profit and wages. There are, perhaps, a few 
cases in which capital may improve in value, without 
superintendence or change, simply by being preserved 
from consumption. Wine and timber, perhaps, afford 
instances. But even a wine-cellar or a plantation, if 
totally neglecti*d, would probably deteriorate. And, as 
n general rule, it may be laid down that capital is an 
instrument which, to be productive of profit, must be 
employed, and that the person who directs its employ¬ 
ment must labour, that is, must to a certain degree 
conquer his indolence, sacrifice his favourite pursuits, 
and often incur other inconveniences from his residence, 
from the persons to whose contact he is exposed, from 
confinement or from exposure to the weather, and must 
also often submit to some inferiority of rank. If labour 
be in general necessary to the U'-e of material capital, it 
is universally necessary to the use of that immaterial 
capital which consists of appropriate knowledge, and of 
moral and intellectual habits and reputation.—A capital 
created and kept up at more expense, and productive of a 
greater return than that whicli is material, but which, 
from the impossibility of actually transferring it, or im¬ 
planting in one man the ability of another, can never be 
productive but througji the labour of its possessor. 

Is then the remuneration of this labour to be termed 
wages or profit? A certain portion of it. that portion 
which would be sufficient to repay equal exertions and 
hardships endured by an ordinary labourer, unprovided 
with capital, must, without doubt, be termed wages. And 
where extraordinary natural taleuts or favourable acci¬ 
dents have occasioned the exertions of the capitalist to 
obtain more than an average remuneration, that excess 
is, as we have already seen, rent. But the revenue to 
which our present question applies is the revenue 
obtained from the employment ofcapital, afier deducting 


ordinary interest on the capital, as the remuneration Politic.! 
for the abstinence of the capitalist, ordinary wages, as Economy, 
the remuneration for his labour, and any extraordinary v — 
advantages which may have been the result of accident I ? istribn ' 

The subject may be made clearer by a few examples • ‘w rtioM 
and we have endeavoured to find some in which the of rent, 
remuneration for the capitalist’s trouble, instead of profit, and 
being, as is usually the case, mixed up with the n-ross W . I> K C> - 
amount of iiis returns, appears as a separate item. ^The • v " mencla ' 
trade of bill-broking affords an instance. The business ' ™ 
of a bill-broker is to advance, before it becomes due, the 
money for which bills of exchange arc drawn, deducting, 
under the uaine of discount, interest at the rate of not 
more than five per cent, per annum on the sum secured 
by the bill. In time of peace, and in the ordinary state 
of the money-market, the rate of discount varies from four 
to three per cent, per annum. It has been sometimes as 
low as two and a half. It appears at first strange that such 
a trade should exist, since the money capital employed in 
it does not return even so high a profit as may often be 
obtained from the public funds, leaving the additional risk 
and lubour uncompensated. It is, in fact, a trade which no 
one would carry on if he employed in it his own money. 

The commercial inhabitants of a great trading city 
have from time to time uuder their control considerable 
sums of money for short periods. Scarcely a single 
estate in this Country is mortgaged or sold without the 
price or the mortgage-money being placed tor some days 
at a banker's or agent’s until the “ more last words” of 
the lawyers have been said, 'lhese sums cannot in the 
mean time be employed in any permaneut investment; 
but they can be lent from day to day, or, in some cases, 

Iroin week to week, and it is better to lend them at the 
lowest rate vf interest than to sufTer them to lie per¬ 
fectly idle. The bill-broker’s trade is to borrow these 
sums front week to week, or even from day to day, at 
one rate of interest, and to leud them from month to 
month, or for two or three months, at a higher. To 
borrow, for instance, at two per cent, and to lend at three. 

It is obvious that these operations require much 
knowledge, industry, and skill. The broker must be 
well acquainted with the circumstances of almost every 
eminent commercial mau in order to estimate the value 
of his acceptance or indorsement. He must keep up 
his knowledge by unremitting observation, and by in¬ 
ferences drawn from very slight hints and appearances. 

He must also have the skill so to maimge his concerns 
as to have his receipts alwuys failing iu to correspond 
with his engagements. This knowledge, and the moral 
and intellectual habits which enable him to apply it, 
form hia personal or immaterial capital. But lie must 
also have a material capital, not for the purpose of being 
employed in his business, for no one would so employ 
money of bis own, but as the means of obtaining con¬ 
fidence. The interest paid by a broker is so trifling 
that no one would lend to him if it implied the slightest 
risk; and the best pledge which he can give is the 
notoriety of his possessing a lurge capital, which could 
at any time make good an unforeseen interrupt ion in his 
regular receipts. This capital he must not waste, but he 
may employ it productively, aud may consume on him¬ 
self the annual profit derived from it. The confidence 
which it enables him to enjoy is a distinct advantage. 

We will suppose a bill-broker to possess £100,000 in 
the Four per Cents; mid to have sufficient knowledge, 
skill, and character as a man of business and of wealth, 
to be able, at an average throughout the year, to borrow 
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p.ilitic.il £400,000 at two per cent., am) to lend the same sum at 
Ktu utfiiiy. three per cent. Is the £4000 a year which his business 
' " would give him wages or profit? 

timi '* Again, a capital which in this Country would enable 
Proportions its employer to obtain ten per cent., would often, if he 
of rent, were to employ it in Jamaica or Calcutta, produce fifteen 
profit, and or twenty. If the capitalist with £50,000 encounter the 
Ront*' climate and the society of Jamaica, and is rewarded'by 
u ' his annual returns being raised from £5000 to £7500, is 
his additional income of £2500 a year wages or profit l 
■ There is no doubt that a sufficient portion of it to pur¬ 
chase the same services from a person unprovided with 
capital, must be considered as wages: £500 a year, 
however, would considerably exceed this sum. The 
remaining £2000 a year may be considered, with equal 
correctness, cither wages which can be received only by 
the possessor of £50,000, or profit which can be received 
only by a person willing to labour in Jamaica. 

Adam Smith considers it as profit. “ The profits of 
stock," he observes,* “ it may, perhaps, be thought, are 
only a different name for the wages of a particular sort 
of labour, the labour of inspection or direction. They 
are, however, altogether different, arc regulated by quite 
different principles, aud bear no proportion to the quan¬ 
tity, the hardship, or the ingenuity of this supposed 
labour of inspection and direction. They are regulated 
altogether by the value of the stock employed, und are 
greater or smaller in proportion to this stock. If we 
suppose two manufacturers, the one employing a capital 
of £1000 and the other one of £7300, in a place where 
the common profits of manufacturing stock are ten per 
cent., the one will expect a profit of about £100 a year, 
while the other will expect about £730. Yet their la¬ 
bour of inspection may be very nearly or altogether the 
same. In many great works, almost the whole labour 
of this kind is committed to some principal clerk. His 
wages properly express the value of this lahour of inspec¬ 
tion and direction. Though in settling them some 
regard is commonly had, not only to his labour and skill, 
but to the trust which is reposed in him, yet they never 
bear any regular proportion to the capital of which lie 
oversees the management. And the owner of this 
capital, though he is thus discharged of almost all labour, 
still expects that his profits should bear a regular pro¬ 
portion to his capital.’’ 

After much hesitation, we have resolved to adopt this 
as the most convenient classification, and to confine the 
term wages to the remuneration for simple labour; in¬ 
cluding under the word labour the endurance of all its 
attendant hardships, but excluding from the word wages 
the additional revenue which the labourer often receives 
because he happens to be also a capitalist. We have 
done so on the grounds which are so ubly stated in the 
passage wliich we lastly quoted. 

To revert to our supposition of a capitalist with 
£50,000 repaid by an extra revenue of £2500 a year 
for living in Jamaica: it is clear that another capitalist 
taking there £100,000 would, ceeteris paribus, obtain 
an extra revenue of £5000 a year, and that notwith¬ 
standing his labour would not necessarily be greater than 
that of the first-mentioned capitalist, or notwithstanding 
it might in fact be much less. Perhaps the best plan 
might appear to be, to apply the term wages to the re¬ 
muneration of mere labour, the term interest to the re¬ 
muneration of mere abstinence, and the term profit to the 


* Book i. eh. vi. 


combination of wages and interest, to the remuneration Political 
of abstinence and labour combined. This would make it -commiy. 
necessary to subdivide capitalists into two classes, the 
inactive und the active: the first receiving mere interest, Uim. 
the second obtaining profit. Proportions 

In this, however, as in many other cases, the inconve- of rent, 
nicnces occasioned by departure from on established no- 
nienclature and an established classification are so great, 
that we do not think that they will be compensated by 
the nearer approach to precision. We shall continue, 
therefore, to include under the term profit the whole 
revenue that is obtained from the possession or employ¬ 
ment of capital, after deducting those accidental advan¬ 
tages which we have termed rent, aud also deducting n 
sufficient sum to pay to the capitalist, if actively employed, 
the wages which would purchase an equal amount of 
labour from a person unpossessed of eupitul. In one 
respect, however, wc are forced to tliller from Adam 
Smith. Although lie considers the useful, acquired 
knowledge and abilities of all the inhabitants of a Country 
as part of the national fortune, as a capital fixed and 
realized in the persons of their possessors, yet he ge¬ 
nerally terms the revenue derived from this capital 
wages. “ The average and ordinary sates of profit in 
the different employments of stock are," he observes, 

“ more nearly on a level than the wages of the different, 
sorts of laliour. The difference between the earnings of 
a common labourer and those of a well-employed lawyer 
or physician, is evidently much greater than that between 
the ordinary profits in any two different brandies of 
trade.” Book i. cli. x. 

According to our nomenclature (and indeed according 
to that of Smith, if the produce of capital is to be termed 
profit) a very small portion of the earnings of the lawyer 
or of the physician can be called wages. Forty pounds 
a year would probably pay all the labour that either of 
them undergoes, in order to muke, we will say, £4000 a 
year. Of tiie remaining £3900, probably £3000 may 
in each ease be considered us rent, as the result of extra¬ 
ordinary talent or good fortune. The rest is profit on 
their respective capitals; capitals partly consisting of 
knowledge, aud of moral and intellectual habits acquired 
by much previous expense and labour, and partly of 
connection und reputation acquired during years of pro¬ 
bation while their tecs were inadequate to their support. 

Under this view of the case the revenue which con¬ 
sists of profit will in the progress of improvement bear 
a constantly increasing proportion to (hut which consists 
of wages. There appears no reason to doubt that, as 
civilization ad unices, every person will receive ail edu¬ 
cation which will materially increase his power of pro¬ 
duction. Brutes and macliincry can effect almost every 
thing that is to be effected by mere bodily exertion. 

Whatever requires mind, will be don't better in propor¬ 
tion as the. mind has received earlier or more judicious 
cultivation. Wc have heurd it made a subject of com¬ 
plaint, that the uneducated Irish* have dispossessed the 
English of the lowest employments in Loudon and its 
neighbourhood. We rather rejoice that the English are 
sufficiently educated to be fit for I letter things. If they 
had remained us ignorant as their rivals, many who are 
now earning 40s. a week as mechanics, might have been 
breaking stones and carrying hods at 2s. a day. Even 
in our present state of civilization, which, high 
as it appears by comparison, is fur short of what 
may easily be conceived, or even of what «nay 
confidently be expected, the intellectual and moral capitul 
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Political or Great Britain far exceeds all her material capital, not 
Kconomy. OI ,] v in importance, but even in productiveness. The 
n . families that receive mere wages probably do not form a 

tio ““ fourth of the community; and the comparatively large 
Proportions amount of the wages even of these is principally owing to 
of rent, the capital and skill with which their efforts are assisted and 

profit, and directed by tile more educated members of the society, 
Kent"' Those who receive mere rent, even using that word in its 
largest sense, arc still fewer: and the amount of rent, like 
that of wages, principally depends on the knowledge by 
which the gifts of nature are directed and employed. The 
bulk of the national revenue is profit; and of that profit 
the portion which is mere interest on material capital pro¬ 
bably does not amount to one-third. The rest is the result 
of personal capilul, or, in other words, of education. 

It is not on the accidents of soil or climate, or on the 
existing accumulation of the material instillments of 
production, but oil the quantity and the diffusion of this 
immaterial capital, that the wealth of a Country depends. 
The climate, the soil, and the situation of Ireland have 
been described as superior, and certainly are not much 
inferior, to our own. Her poverty has been attributed to 
the want of u^terial capital; but were Ireland now to 
exchange liernative population for seven millions of our 
English North Countrymen, they would quickly create 
the capital that is wanted. And were England, North of 
Trent, to be peopled exclusively by a million of families 
from the West of Ireland, Lancashire and Yorkshire 
would still more rapidly resemble Connaught. Ireland 
is physically poor because she is morally and intellec¬ 
tually poor, because she is morally and intellectually 
uneducated. And while she continues uneducated, 
while the ignorance and violence of her population 
render persons and property insecure, and prevent the 
accumulation and prohibit the introduction of capital, 
legislative measures, intended solely and directly to re¬ 
lieve her poverty, may not indeed be ineffectual, for they 
may aggravate the disease, the symptoms of which they 
are meant to pulliute, but undoubtedly will be productive 
of no permanent benefit. Knowledge has been called 
power; it is far more certainly wealth. Asia Minor, 
Syria, Egypt, and the Northern coast of Africa, were 
once among the richest, and are now among the most 
miserable Countries in the world, simply because they 
have fallen into the huuds of a people without a suffi¬ 
ciency of the immaterial sources of wealth to keep up 
the material ones. “ In what way,’’ asks Adam Smith, 
has Europe contributed to the grandeur of the colo¬ 
nics of America ? Iu one way, und in one way only, 
she lias contributed a great deal. Magna virum mater. 
She bred aud formed the men who were capable of 
achieving such great actions, and of laying the founda¬ 
tion of so great an empire ; and there is no other quar¬ 
ter of the world of which the policy is capable of form¬ 
ing, or has ever actually and in fact formed such men. 
The colonics owe to Europe the education aud great 
views of their active and enterprising founders, and 
some of the greatest and most imporlaiit ( of them owe 
to her scarce any thing else.' 1 * 

Proportionate Amount of Rent. 

Kent. We have already defined rent to be the revenue 

spontaneously offered by nature or accident, or, in other 
words, to be the price paid for the assistance of an ap¬ 
propriated natural agent It might with equal propriety 
be defined the surplus produce arising from the use of 
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an appropriated natural agent, or the amount by which Poliiieat 
the price of the produce of an appropriated natural Economy, 
agent exceeds the costs of its production. » - 

The nature and the progress of the rent oflaiul have BUtribu- 
usually been illustrated by supposing lauds of different tiou - 
fertility to be successively taken into cultivation. Thus ^'°P°J tioQ * 
the land No. 1 is supposed to afford, in return for the i.rofi" and 
application of a given amount of labour and capital, 
one hundred quarters; No 2, ninety quarters; No. 3, R '-' ut * 
eighty quarters; No. 4, seventy quarters ; No. 5, sixty 
quarters; and so on. While any portion of the most 
fertile lands is unappropriated, No. 1 only is cultivated, 
and no rent is paid. Before it has become necessary to 
cultivate No. 2, No. 1 must have become an appropriated 
agent, affording a larger return than can lie obtained 
without its assistance. Its owner, or, as he is termed, 
the landlord, obtaius, therefore, the value of that assist¬ 
ance, being ten quarters, or the difference between 
one hundred quarters and ninety quarters; and re¬ 
ceives it himself, in kind, if he himself is the cultivator, 
or is paid for it the remuneration termed “ rent,” if he 
nllows another person to be the cultivator. Before it 
has become necessary to cultivate No. 3, the rent of 
No. 1 must have risen from ten quarters to twenty, and 
No. 2, from giving no rent, must have given a rent often 
quarters; and so on until the point is reached at which 
the labour and capital employed will produce a return 
only sufficient to give a bare subsistence to the la¬ 
bourer and average profits to the capitalist: the highest 
extreme to width cultivation can be intentionally 
pushed, and one, indeed, beyond which it is seldom 
carried. 

it is obvious, therefore, that the amount of rent 
depends on two causes : 1. the positive productiveness 
of the natural agent by which it is afforded; 2. the com¬ 
parative productiveness of that agent, or the degree in 
which it exceeds those agents which are universally 
accessible. If the supply of natural agents were un¬ 
limited, or if their power of affording assistance were to 
cense, in either case rent would be at an end. Rent 
is the value of their assistance, aud that value, like ail 
others, depends partly on their utility, and partly on 
their limitation of supply. Much error has ariscu from 
attending to only one of these causes. 

The French Economists* perceived that the produce 


• /> laboureur est It teul doni It travail prtxlititst au delii du 
salaire du travail. II est done /*'unique source tit toutt richest?. 

I.a terre , indepemlamment de tout autre homme el dt toutt con¬ 
vention, lux pent immtdxatement Ir prix tie non travail. La nature ne 
marchande point uvec iui pour f oblujer a se contenter du ntcrssa.re 
absolu .— Ce quelle ilomie nest proportionate ni a ten besoms ni a une 
evaluation convent ionnrlie du prix dt set jour nits. <? ext le rlsuit at 
physique dt la fertility du so/, Ct de la justrsse, btrn plus que de ia 
difficultt (let tnoyent, qu'xl a employes pour le rendre fecund* Hit 
que le travail du laboureur proflwt au de/d dt sen hr'sums, it prut , 
arpc op superflu que la nature tut accord? en pur d(<n, au dr/n du 
sa/nire de net prints f aehetcr le travail dts out res members dr la 
society. Crux-cx en le lui vendant ne gagnent que Irur vie. wais le 
laboureur recuexlle outre sa subsistence une rxchesne dis/*onible ; quit 
n’a point acheler, et qu'xl vend. 11 est done Vunxque source des 
richessegy qui, par leur circulation, anirnrnt tons les traiaur de la 
MriV/r; pareequ il est It sent dunt le travail pnubnxnr an dcld du 
salaire du travail. 

II resit done constant qu il n'y a de rerenu que le prtuli/it net des 
lerres, et que tout autre profit annuel, ou est paye par le recently ou 
fait par tie dts fratx qux servent d produire le menu .— l urgot 
vol. v. p. fl—9—1-6. 

Lous ne pouvez trouvei' le meilfrur 6tat possible d une nation, qut 
dans U plus gramlo richesse possible, J'entmds xcipar /a terme 
de richewe, une masse de valeurs disputable*, de vaxeurs qu on pvisse 
2 c 
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Vulitiral of fertile land, the most important of all appropriated 
Kcun umy. Iaa tnrul agents, sells for a price exceed ins; the expense of 
l)istribu * ls c "' t ' vat ' on - This excess of price, or produil net, as 

tion. they termed it, they conceived to lie the only source of 

Proportions wealth. All other commodities appeared to them 
of rant, merely to represent the toil employed in their ucquisi- 
jirofit, aud tion. They believed, therefore, a community to be rich 

Rent"" * n propoition to the amount of rent received by the 

proprietors of its laud ; uud couseqiieutly that produc¬ 
tion enriches only so far as it is subservient to the 
creation of rent. 

It is impossible that they could have maintained this 
doctrine, if they had perceived thut abundance is an ele¬ 
ment in wealth, and that high rents aud the greatest abun¬ 
dance arc incompatible ; or il'they bad recollected that, ac¬ 
cording to their views, a community possessing the 
highest skill and exerting the utmost diligence, hut scat¬ 
tered over a territory of unbounded extent and fertility, 
as they might he even unacquainted with the existence of 
such a thing as rent, must be totally without riches, 
must lie poor from the mere prodigality of their re¬ 
sources. 

In the following passage Mr. liicardo seems to have 
fallen into an opposite error. 

Nothing is more common than to hear of the ad¬ 
vantages which the land possesses over every other 
source of useful produce, on account of the surplus 
which it yields in the form of rent. Yet, when land is 
most abundant, when most productive, aud must fertile, 
it yields no relit; and it is only when its powers decay, 
and less is yielded in return tor labour, that a share of 
the original produce of the more fertile portions is set 
apart lor rent. It is singular (hat this quality in the 
land, which should have lieen noticed as an imperfection, 
compared with the. natural agents by which manufac¬ 
tures are assisted, should have been pointed out as con¬ 
stituting its peculiar pre-eminence. If air, water, the 
elasticity of steam, and the pressure of the atmosphere, 
were of various qualities, if they could have been appro¬ 
priated, and eaclt quality existed only in moderate abun¬ 
dance, they, as welt as the land, would afford a rent, as 
the successive qualities were brought into use. With 
every worse quality employed, the value of the commo¬ 
dities in the mauulacture of which they Were used would 
rise, because equal quantities of labour would lie less 
productive. Mail would do more with the sweat of his 
brow, and nature would |>erforin less; and the land 
would lie no longer pre-eminent for its limited powers. 

“ if the surplus produce which the land affords in the 
form of rent be an advantage, it is desirable that every 
year the machinery newly constructed should he less 
efficient than the old, as that would undoubtedly give 


c onsommre nu qrr rle see desire, sans s' appnnrrir, sans all tree If 
principr qut les reproduit sans cent. 

Le rnnt/eur ltat possible ett (ridemmrnt ertai auquel eel attack!c la 
pine grande ni retr ; il connote tlnne tlnns la plus grande masse pas- 
edtfe d* ra/eurs disponddes ,* rar ce sonl let •rules riant nous putssions 
loujoars jienr, el sur letqurUes la stirrte putter s'llaMir. 

Je eoudrois kirn que mes lecleurt donnassent a cflte vfrite tautt 
fattention qu'rl/e nuritr, je eoudrois Inert qitds suistssent que la 
richesse ne ronsule que dans lee ealarrt disjHinitilen, qu'on pent con¬ 
sommes trots mtcun tncanriment ; par consequent « qu'tl ny a que le 
peoduit n't dis cultures qm toil richesse, pareequtl ret dans la 
mass' des reprodm lions, la seult par tie dont nous putssions disposer 
pour nos jouissnnces; le surplus de ertte masse nest pas disputable 
pour nous, tl apparttent a la culture, e'est el/e qui tone les ane doit le 
cotuommrr; nous ne pouvons le lui dcrobrr, que notu n'en toyone 

punts par Pextinchon de nos rich esses .— I'Ordre Nulurel, See., p. 
77Q ,(.1 ! -J r S 


& grenter exchangeable value to the goods manufac- Political 
tured, not only by that machinery, but by all other nut- «>i i «roy.^ 
chinery in the Kingdom; and a rent would lie paid to 
all those who possessed the most productive machinery. tl „ n> 

“ The labour of nature is paid not because she does Proportion 
much, hut because she does little. In proportion as of rent, 
she becomes niggardly in her gilts, she exacts a greater l ,ru ^ t > a "d 
price for her work. Where she is munificently bene- 
fieent she alwuys works gratis.” Principles, p. (i3. 

Mr. Ricardo seems to have forgotten that the quality 
which enables land to afford rent, namely, the power of 
producing the subsistence of more persons than are re¬ 
quired for its cultivation, is an advantage without which 
rent could not have existed. As the population of any 
given district becomes more dense, the surplus produce 
of its soil, or, in other words, the amount of its produce 
which remains alter provision lias been made for the 
subsistence of those by whom it is cultivated, has a con¬ 
stant tendency to increase; either because the increase 
of agricultural skill and capital increases its positive 
fertility, or because a diminution of its relative fertility, 
a diminution of its produce relatively to the num¬ 
bers of its cultivators, forces the pnowr classes to be 
satisfied with a less amount of raw produce ; or from 
both these causes combined. Of these two onuses of 
rent, one is a benefit, the other an evil. That we have 
in this Country perhaps a million of acres capable of 
producing', with average labour, fbitv bushels ot corn an 
acre, is u benefit; that we have not more than u million 
such acres is an evil. That the average amount of what 
an agricultural labourer produces much exceeds what is 
absolutely necessary for the subsistence of an agricul¬ 
tural liunily is a benefit. That tlic extent of our fertile 
land, and the amount of our capital, in proportion to our 
population, are not sufficient to enable him to consume, 
directly or indirectly, for his own advantage and that of 
his family, all that lie produces, is nil evil. To produce 
rent, both the benefit and the evil must coexist. The one 
occasions rent to he demanded; hut it is the other which 
enables it to be paid. 

Mr. Ricardo’s attention seems to have been confined 
to the evil. But rent might be enormously increased 
without the increase of that evil, or even though that 
ex il should he diminished. If the proprietor of a single 
estate could by a wish triple its produce, lit* would aug¬ 
ment, in a much greutcr ratio, its rent. Would this 
increase be owing to the parsimony of nature ? It may 
he said that it would be owing to the comparative unpro¬ 
ductiveness of the rest of the Country. It must lie 
admitted that, if we could suddenly triple the produc¬ 
tive powers of all the land in this Country, the population 
remaining the same, the whole amount of rent would 
tail, and the condition of all classes, except of that 
comparatively small class which subsists on the rent 
of land, would be much improved. But if our popu¬ 
lation were also tripled, rents would be prodigiously 
increased, the situation of the landlords would be im¬ 
proved, and. that of no other class deteriorated. In 
fact, the condition of all other classes would be im¬ 
proved, as the increased division of labour and ease of 
communication occasioned by a greater density of popu¬ 
lation would cheapen and improve our manufactures. 

If the population, instead of being tripled, were only 
doubled, the situation of the Country would be still 
better. The rise in rent, though not equal to what it 
would have been if the population had been tripled, 
would still be very great, and both raw produce and 
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Political manufactures would be more alnindant Ilian they were 
Kconnmy. previously. Now this is, in fact, what has occurred in 
' England during the Inst hundred and thirty years. Since 
Distnbu- t j ie i^prinninjj of the XVIIlth Century the population 
PruimtUona England has about doubled. Tiie produce of the land 
of rent, has certainly tripled, probably quadrupled. Rent has 
profit, and risen in a still greater proportion ; but that rise lias been 
»»U[es. accompanied by a rise of wages, estimated in every ccun- 
inodiiy consumed by the labourers, excepting a lew, such 
as spirituous and fermented liquors, which have been 
made the subject of special taxation. With the same 
labour the labourer can obtain mure corn, and perhaps 
five times as much of the most uselul manufactures. 
Can it he fairly said that rents have risen because nature 
has done little? that the price paid lor her assistance 
has been inereased because she bus become more nig¬ 
gardly in her gifts? It is true that, if the productive¬ 
ness of the land, instead of being tripled, had been cen¬ 
tupled, rents might not have risen; but it is equally 
true that they would not have risen if, instead of being 
tripled, it had remained stationary. The condition essen¬ 
tial to the payment of the labour of nature is not, as 
Mr. Ricardo stales it, that her assistance shall be little, 
hilt that it shall mil lie infinite. 

As rent arises from I lie agency not of man, but of 
nature, its amount does not depend on the will or the 
exerlimis of its recipient. The owner of the land, or of 
the natural agent, whatever it be, lor the use of which 
persons are willing to pay rent, receives the sum which 
their mutual competition threes them to give. As it is 
all pure gain, he accept!* the largest sum that is offered, 
however trifling its amount. Nor, on the other hand, 
does the uinouiit of rent depend on the will or the exer¬ 
tions of those who pay it. Whatever be the value of the 
services of uu appropriated natural agent, that value 
must be paid by the person who wishes to use them, as 
both parties to die bargain are aware, that if it is 
not hired by one applicant it will lie by another. The 
amount, therefore, is subject to no general rule; it has 
neither a minimum nor a maximum. It depends on the 
degiee in which nature has endowed ceitain instruments 
with peculiar productive powers, and the number of lhc.se 
instruments compared with the number anti wealth of 
the persons aide and willing to hire them. There is, 
probably, now land near New York selling for £ 1000 an 
acre, which a century ago could have been obtained tor 
a dollar. 

Proportionate Amounts of Profit and Wages. 

Proportions Profits and wages differ in almost all re«pects from 
of profit rent. They are each subject to a minimum and a 
ami wages, maximum. They are subject to a minimum, because 
each of them is the result of a sacrifice. It may be 
difficult to say wiiat is the minimum with respect to 
profit, but it is dear that every capitalist, as a motive 
to abstain from the immediate and unproductive enjoy¬ 
ment of bis capitul, must require some ^enumeration 
exceeding the lowest that is conceivable. The minimum 
at winch wages can lie jierinanently fixed is of course 
the sum necessary to enable tlie existing labouring popu¬ 
lation to subsist. On the other hand, aa the rate of 
wuges depends in a great measure on the number 
of labourers, and the rale of profit on tlie amount of 
capital, both high wages and high profits have u tend 
eney to produce their owu diminution. High wages, 
by stimulating an increase of population, and tbere- 
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fore an increase of the number of labourers, and high Political 
profits, by occasioning an iucreuse of capitul. It wifi Economy, 
be seen in a future portion ol "this Treatise that, it the 
amount of capital employed in the payment of wages 
increases, the number ot labourers remaining llie same, Proportions 
profits will fall; and that if the number of labourers »f profit 
increases, the amount of capital and die productiveness Bnd »“(?«>■ 
of labour remaining the same, wages will full; ami that, 
if they both increase in equal proportions, both will have 
a tendency to fall, in consequence of the luiirer propor¬ 
tion which they will each bear to the powered the natural 
agents whose services they each requite. And although 
it may not be eusy to fix the maximum of either wages 
or profits, yet it may belaid down generally, that in no 
Counlry have profits continued foranv considerable period 
at the average rate of fifty per cent, per annum, or wages 
at such a late as to atlbrd the labourer ten times the 
amount necessary for the subsistence of a family. 

Adam Jrinilh has laid down, that “ the whole of the 
advantages and disadvantages of the different employ¬ 
ments of labour and capital iiiust, in the same neigh¬ 
bourhood, he eidier perfectly equal or continually tend¬ 
ing to equality. If in the same m iglibourhoorl there 
was any employment evidently either more or less ad¬ 
vantageous than the rest, so many people would crowd 
into it lit the one case, and so many would desert it in 
the other, that its advantages would soon return to the 
level of other employments. This at least would be the 
case in a society where things were left to lake llieir 
natural course, where there was peifvct liberty, and 
every man was perfectly free both in choose what occu¬ 
pation lie thought projier, and to change it as often as 
he thought proper. Kverv man's iutcie-t would prompt 
him to seek the advantageous and to shim the disadvan¬ 
tageous employment.” Wealth of Nation*, hook i. 
ch. x. 

The truth of these remarks of Adam Smith is ob¬ 
vious. It is obvious also that, in the uhseiiee of d.s- 
turbing causes, the desire of obtaining a more advan¬ 
tageous field for the employment of his mental and 
bodily faculties, which lcuds u man to move bom one 
part of the same neighbouihood to another, would lead 
him from village lo village ami lioin t cnmtry to 
Country. For commercial purposes, the whole civilized 
world is one extended neighbourhood ; ami the same 
causes which tend lo equalize profts m Liverpool and 
Loudon tend to equalize them in London and Calcutta. 

Hot when we look into the details, we are struck by the 
difference in (he remuneration of peisons apparently un¬ 
dergoing equal toils, aud exercising equal abstinence. 

We find a general exempt from more than half the liaid- 
shipsof a private, and receiving more than a hundred 
times his pay. We find barristers making £ 10,000 or 
£15,000 a year, while a copying clerk is paid for labour 
as assiduous and more irksome by only £l00. We 
find the purchaser of an Exchequer-bill willing to pay 
a large premium for llie privilege of advancing ca|>iial 
at a profit of three per cent, per annum, while a shop¬ 
keeper thinks himself ill paid by less than twenty per 
cent. We find a London hanker satisfied with a profit 
of seven per cent., while his partner in Calcutta requires 
fifteen. 

These differences are partly real and partly apparent. 

So far as they are real, they are occasioned partly hy the 
influence of the different instruments of production, or, 
ill other words, the different sources of revenue, on one 
another; the influence, for instance, of the rate ot profits on 
2 c 2 
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the amount of wages, and of the amount of wages on the 
rate of profits; partly by the greater or less severity of the 
sacrifices which the labourer and the capitalist must 
make in addition to the undergoing mere toil or absti¬ 
nence ; and partly liy the difficulty with which capital and 
labour are transferred from one emplmment to another. 
A difficulty caused partly by physical obstacles and 
partly by human habits and institutions- The influence 
of these causes on tile average rates of wages and 
of profits in the same Country, in different employ¬ 
ments of labour and capital, we shall consider here¬ 
after; and having assumed for the purposes of the 
following discussion that a certain nvcrage rate of wages 
and a certain average rate of profit exists, we shall now 
endeavour to explain the causes by which these average 
rates are determined, or. in other words, to explain the 
circumstances which decide what, at a given time and in 
a given place, shall be the average rate of wages and the 
average rate of profit. We have already stated os one 
of the principal sources of difficulty in Political Economy 
the mutual dependence of its different propositions. A 
dependence which, as it respects the theory of wages and 
profits, is so great that it is impossible to give a com¬ 
plete view of the causes which affect the one without ad¬ 
verting to all those which affect the other. We shall 
endeavour to keep them as distinct as we can, and we 
shall begin by wages, as that subject is capable of being 
separately considered to the greatest extent. 

Average Rate of Wages. 

We have already defined wages to be the remunera¬ 
tion received by the labourer in recompense for having 
exerted his faculties of mind and body. They are said 
to be high or tow, in proportion to the extent of that 
remuneration. That extent has been estimated by 
three different measures; and the words high and low wages 
have, consequently, been used in three different senses. 

First. Wages have been termed high or low, accord¬ 
ing to the amount of money earned by the labourer 
within a given period, without any reference to the 
commodities which that money would purchase; as 
when we say that wages have risen in England since 
the reign of Henry VII., because the labourer now 
receives lx. fid. or -is. a day, and then received only 4jd. 

Secondly. They have been termed high or low, ac¬ 
cording to the i/uantily and quality of the commodities 
obtained by the labourer, without any reference to his 
receipts in money; as when we say that wages have 
fallen in England since the reign of Henry VII., because 
the labourer then earned two pecks of wheat a day, and 
now earns only one. 

Thirdly. They have been termed high or low, ac¬ 
cording to the share or proportion which the labourer 
receives of the produce of his own labour, without any 
reference to the total amount of that produce. 

The first nomenclature, that which measures wages 
simply by their amount in money, is the popular one. 
The second, that which considers wages simply with 
reference to the quantity and quality of the commodities 
received by the labourer, or, to speak more correctly, 
purchasable with his money wages, was that, generally 
adopted hy Adam Smith. The third, that which con¬ 
siders wages as high or low, simply with reference to the 
labourer's share or proportion of what he produces, was 
introduced by Mr. Ricardo, and has been continued by 
niauj of bis followers. 


This last use of the words high and low wages has Political 
always appeared to us one of the most unfortunate of t ' cononiy ' 
Mr. Ricardo’s many innovations in the language of 
Political Economy. In the first place, it has a tendency ti on . 
to withdraw our attention, even when we are considering Rate of 
the subject of wages, from the facts which most in- 
fluence the labourer’s condition. To ascertain whether 
his wages are high or low, we are desired to inquire, not '/ughani * 
whether he is ill or well paid,—not whether he is well tow. 
or ill fed, or clothed, or lodged, or warmed, but simply 
what proportion of what he produces comes to his 
share. During the last four or five years many a 
hand-weaver has received only 8*. 3</. for producing, 
by a fortnight’s exertion, a web that the capitalist has 
sold for 8*. 4rf. A coal-merchant often pays his men 
£2 a week, and charges his employers for their services 
.£2 10s. Rut, according to Mr. Ricardo’s nomencla¬ 
ture, the wages of the weaver, at 4*. 1 hd. a week, are 
much higher than those of the coaiheaver at £2, since 
the weaver receives 99 per eent. of the value of his 
labour, while the coaiheaver has only 80 per cent. 

And, even if the nomenclature in question were free 
from this objection, even if the point on whinL it endeavours 
to fix the attention were the most important, instead of 
being the least important, incident to wages, it sldl would 
be inconvenient from its tendency to render the writer 
who employs it both inconsistent and obscure. It is al¬ 
most impossible to affix to terms of famdinr use a per¬ 
fectly new meaning, and not from time to time to slide 
into the old one. When Mr. Ricardo says that “no¬ 
thing can affect profits but a rise of wages,” p. 118; that 
“ whatever raises the wages of labour lowers the profits 
of stock,” p. 231; that “ high wages invariably affect 
the employers of labour by depriving them of a portion 
of their real profits,’’ p. 129; that “as the wages of 
labour fall the profits of stock rise,” p. 499; he means 
by high wages, not a large amount, but a large propor¬ 
tion. lint when he speaks of the “ encouragement 
which high wages give to the increase of population,” 
p. 88—361, he means hy high wages a large amount. 

And many of his followers and opponents have supposed 
the words high and low to be used by him as indicative 
of quantity, not proportion. The consequence has been 
that, since the publication of his great Work, an opinion 
has prevailed that high wages and high profits are in¬ 
compatible, and that whatever is taken from the one is 
added to the other. The slightest attempt to try this 
theory by an actual example will show its absurdity. 

The usual supposition is, that the capitalist, at an ave¬ 
rage, advances the wages of his labourers for one year, 
and receives, after deducting rent, one-tenth of the value 
of what they produce. We are inclined to think that 
in England the average rate of profit fs rather greater, 
and the average period of advance rather less. After 
making many inquiries on these subjects in Manchester, 
we [found the general opinion to be, that the manufac¬ 
turing capitalist turns his capital, at an average, twice in 
the year, and jeeeives on euch operation a profit of 5 per 
cent.; and that the shopkeeper, at an average, turns his 
capital four times in a year, and receives on each opera¬ 
tion a profit of about 3& per cent. On these data the 
labourer’s share would, of course, be much greater 
than according to the ordinary estimate. We will 
suppose, however, that estimate to be correct, and 
that, after rent has been deducted, the labourer receives, 
on an average, nine-tenths of the value of what he pro¬ 
duces. Under these circumstances a rise in the amount 
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Political 0 f wages amounting to one-tenth, or from 10*. to 11*. 
.cunomy. R wee | {) jf that rise is to he deducted front the capitalist’s 
Diatribu- share, would utterly destroy all profit whatever. A rise 
tion. of one-filth, or from 10*. to 12*. a week, would occasion 
Meaning* to the capitalist a loss equal to the whole amount of his 
of the word* former profit. A fall in wages of one-tenth would double 
high and profits ; a fall of one-fifth would treble them. Now we 
know that general variations in the amount of wages to 
the amouut of one-tenth or one-fifth, or to a greater ex¬ 
tent, are not of unfrequent occurrence. Yet who ever 
heard of their producing such an effect on profits ? 

And yet this doctrine has received the sanction both 
of th«oretie and practical men. Mr. Francis Place is 
asked by the Committee on Artisans and Machinery 
(First Report, p. 46,*) “ Do not the masters in conse¬ 
quence of a rise of wages raise their prices?”—“ No,” he 
answers; “ 1 believe there is no principle of Political Eco¬ 
nomy belter established than this of wages; increase of 
wages must come from profits.” 

Did Mr. Place ever apply this doctrine when his men 
asked for higher wages on a general mourning? Even 
the Committee appear to have taken this view of the 
question. The* subject is so important, that we will 
venture to extract the following passage from the Report 
made in the following Session:— 

“ Those eminent persons who, during the last fifty 
years, have reduced the rules that govern the operations 
of trade and industry to a Science, undertake to show, 
by arguments and facts, that the effect of low wages is 
not a low price of the commodity to which they are ap¬ 
plied, but the raising of the average rate of profits in 
the Country in which they exist. The explanation of 
this proposition occupies a large portion of the justly- 
celebrated work of the lute Mr. Ricardo, on the Principles 
of Political Economy ; and is also ably set forth in the 
following evidence of Mr. M’Culloch, to which your 
Committee particularly desire to draw the attention of 
the House: 

“ ‘ Have you turned your attention to the effect of 
fluctuations itt the rate of wages on the price of commo¬ 
dities ?’—' I have.’ 

“ ‘ Do yon consider that when wages rise the price 
of commodities will proportionally increase?’—* I do not 
think that a real rise of wages has any effect whatever, or 
but a very imperceptible one, on the price of commodities.’ 

“ ‘Then, supposing wages to he really lower in France 
than in this Country, do you think that that circumstance 
would give the French any advantage over us in the 
foreign market ?’—■* No, I do not; T do not think it would 
give them any advantage whatever. 1 think it would 
occasion a different distribution of the produce of industry 
in France from what would obtain in England, but that 
would be all. In France the labourers would get a less 
proportion of the produce of industry, and the capitalists 
a Inrger proportion.* 

“ * Could not the French manufacturer, if he gels his 
labour for less than the English manufacturer, afford to 
sell his goods for less V —‘ As the value of gpods is made 
up wholly of labour and profit, the whole and only c fleet 
of a French manufacturer getting his labour for less than 
an English manufacturer is to enable him to make more 
profit than the English manufacturer can make, but not 
to lower the price of his goods. The low rate of wages 
in France goes to establish a high rate of profits in all 
branches of industry iu France.’ 
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“ ‘ What conclusion do you come (o in making a com- WKflral 
parison between wages in England and w'ages in Reoaom J- 
France ?’—• I come to this conclusion, that, if it he true 
that wages are really higher iu Engluud than in France. 
the only effect of that would be to lower the profits of Meaning* 
capital in England below their level iu France, but that *>r the word* 
will have no effect whatever on the price of the commo- **•'/* and 
dities produced in cither Country.’ 

“ * When you say that wages do not affect prices, 
what is it that does affect prices ?’—‘ An incrcase'or dimi¬ 
nution of the quantity of labour necessary to the produc¬ 
tion of the commodity.* 

“ ‘ Supposing that there was a free export of ma¬ 
chinery, so that France could get that machinery, do 
you think that tinder those circumstances wc should 
retain those advantages which we possess at the present 
moment ?’—‘ Yes, we should; for 'he export of the ma¬ 
chinery would not lower our wages, or increase the 
wages in France, so that we should preserve that ad¬ 
vantage to the full extent that we have it at this moment.’ 

“ * Will you explain to the Committee why you are of 
opinion that the French manufacturer would not under¬ 
sell the English, seeing that his profits are larger than 
the English manufacturer?’—‘ Because, if he were to offer 
to undersell the English, he can only do it by consent¬ 
ing to accept a less rate of profit on liis capital than the 
other French capitalists are making on theirs, and I 
cannot suppose a man of common sense would act upon 
such a principle.* 

“ ‘Are the Committee to understand, that although a 
French manufacturer pays half the wages to his men in 
France which our manufacturers do in England, yet 
that his wages being on a par, or a level, iu general, 
with the other wages in France, will render his profits 
on a par with them, and consequently he would not 
undersell the English merchant by lowering his profits 
below the average rate of profits in France V*—‘ Precisely 
so. I believe, in point of fact, there is no such dif¬ 
ference ; but he could not undersell the English manu¬ 
facturer unless he took lower profits than all other pro¬ 
ducers in France were making. I might illustrate this 
by what takes place every day iu England, where you 
never find the proprietor of rich land, in order to get 
rid of his produce, offering it in Mark-lane at a lower 
rate than that which is got by a farmer or proprietor of 
the very worst land in the Kingdom.’ 

“ * Would it not produce a larger sale if the French 
manufacturer were to sell at a less price?’—‘ Supposing 
that to be so, the greater the sale the greater would be 
the loss of profit.’ "* 

We have extracted this passage as indicating the views 
of the Committee, not those of Mr. M'Culloch. Mr. 
M'Culloch, as will appear on turning to his evidence, 
meant by wages really high and realty low, not a larger 
or a smaller amount, but a larger or a smaller proportion. 

But the Committee appear to have understood him to 
mean a larger or a smaller amount. 

Mr. Bradbury bad previously stated the common day 
wages in France to be about half the wages puid in 
England. 

He was asked, “ In what way do you consider that 
lower wages in France give the French manufacturers 
an advantage over English manufacturers?”—” I con¬ 
ceive that if they pay 3d. a pound for spinning to the 


• Report from Select Committee on Kxport of Tools unJ Ma¬ 
chinery. Session of 18-5, p. U, 1-1. 


* Session of 1824. 
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r Political operative spianer, and we pay 6 d., that would give them 
Economy. an advantage of 3d. a pound in the cost.” 

“ You mean to say that the French would be able to 
Bistribu- ge jj t j le art j c ] 0 they make, in consequence of paying 
Meanings lower wages, cheaper than the English could sell it ?"— 
of (he word* “ They could ulford it 3d. a pound cheaper.” 
high and “ You mean to say that, according to the rate of wages 
ltw paid, the price of the article for which they are paid is 

high or low ?"—“ It may be afforded higher or lower, 
1 should imagine, as the cost be more or less.” 

“ Therefore the whole reason and ground ou which 
you think that low wages give them an advantage is, 
thut low wages contribute to enable them to sell the 
article cheaper than if they paid higher wages?”— 
4 ‘ Yes, labour constituting a material feature in the 
cost ” 

” You conceive that increased cost would be a loss to 
the party, if the'price was not increased in proportion /” 
—“ 1 should imagine so.” 

“ Might not the profits of the proprietor be lessened — 
“ They might be lessened , which is in effect a loss.’’ 

“ Might not that enable him to bear the loss which the 
difference of wages produces ?” *—“ If he chose to make 
that sacrifice.’’ 

Might not the profits be lessened "until there 
were uo profits at all ! ”t—“ Very easily, I should 
think.”—(Filth Report of the Select Committee oil 
Artisans and Machinery, p. 547, 549, 550.) 

It was with relereuce to this evidence that Mr. M'Cul- 
loch was examined. Ill's examination commences thus: 

“ Have you read the evidence which has been given 
before this Committee/”—“I have read portions of it 
only.” 

“ Have you read (he evidence given by Mr. Brad¬ 
bury ?”—“ A part of it.” 

'• That part iu which he conceives that foreigners 
have an advantage over the English manufacturers in 
consequence of wages being lower in France ?”—“ Y es, 
I have read that.” 

And (hen follows thequestion : 

“ Have you turned your attention to the effect of fluc¬ 
tuations in the rate of wages ou the price of commo¬ 
dities ?” 

Now if the Committee understood Mr. M'Culloch to 
mean, hy high or low wages, uot a great or small 
amount, but a great or small proportion, his evidence 
and that of Mr. Bradbury had nothing in common. 

The whole of the confusion has been occasioned by 
the verbal ambiguity which we have pointed out, and 
would not have arisen if Mr. Ricardo had used any 
other adjectives tliau high and low to express a larger or 
smaller proportion. 

The two other meanings of the words high and low 

• In other wurilx, “ Might not the loss enable him to bear the 
loss ?’* 

t This question appears to hme come from a different interro¬ 
gator. In jinnire to the clear and intelligent evidence of Mr. Urail- 
bury, w« should observe th.it he was far tmiu foiling into the com¬ 
mon error, that a geneially high rate of wage. cao be uufaviiurabUi 
to a Country. He set out by supposing tlmt, with the assistance 
of English machinery and English superintendents, the lulimtr of 
the French spinners might be as productive as that of the English 
spinner*. Under such circumstance*, if their wages could remain 
at one-half of English wages, he believed that the French manu¬ 
facturer could tuidersell the English manufacturer. Of the accu¬ 
racy of this opinurn under the fiossible, though highly improbable 
liyp.,thesis in question, we entertain no doubt, though, from the 
teuour of the uuealuuis, it a], pears not to have met with the appro¬ 
bation of the Committee. 


wages, that which refers to the money, and that which Folitiemt 
refers to the commodities, received by the labourer, are onnmy. 
both equally convenient, if we consider the rate of wages Dj^bu. 
at the same time, and place; for then they both mean ti«n. 
the same thing. At the snine time aud place the la-Rata of 
bourer who receives the highest wages necessarily wages, 
obtains the most commodities. But when we refer to^®*““J\ 
different places, or different times, the wools high or un( j 
low wages direct the attention to very different subjects, 
as we understand them to mean more or less in money, 
or more or less iu commodities. The differences which 
have taken pluce in the amount of money wages at dif¬ 
ferent times inform us of scarcely any thing but the 
abundance or scarcity of the precious metals at those 
times: facts which are seldom of much importance. 

The differences in the amount of money wages in dif¬ 
ferent places at the same time are of much more im¬ 
portance, since they indicate the different values of the 
labour ot different Countries in the general market of the 
world. But even these differences afford no premises 
from which the positive condition of the labouring 
classes, in any Country, can be inferred, and hut imper¬ 
fect grounds lor estimating their relative,icouditinii. The 
only duta which enable us to ascertain the actual situa¬ 
tion of the labourers at uny given time and place, or 
their comparative situation at different limes and places, 
are the quantity aud quality of the commodities which 
form their wages, if paid in kind, or are ptnchasahle 
with their wages, if paid m money. And as the adiial 
or comparative situation ot the labourer is the principal 
object of the following inquiry, we shall use the word 
wages to express, not the money, but the commodities, 
which the laliourer receives; and we shall con-idtT 
wages to rise as the quantity or quality of those com¬ 
modities is increased or improved, and to tall as that 
quantity or quality is diminished nr deteriorated. 

It is obvious, loo, that the labourer’s situation lines 
not depend on the amount which he receives at any one 
time, but on his average receipts dining a given period— 
during a week,a month, or a year ; and that the longer 
the period taken, the more accurate will be the estimate. 

Weekly wages have, ol course, mure tendency Inequality 
than daily ones, and annual than monthly ; and. it we 
could ascertain the amount earned hy a man during five, 
or ten, or twenty years, we should know his situation 
better than if we confined our attention to a single year. 

'There is, however, so much difficulty in ascertaining the 
amount of wages during very long periods, that, a 
single year will probably be the best that we cuii lake, 
ft comprehends what, in most climates, are very different, 
summer and winter wages; it comprehends also the 
period during which the most important vegetable pro¬ 
ductions come to maturity in tein|ieratc climates, aud on 
that account has generally been adopted hy Political 
Economists as the average period for which capital is 
supposed to be advanced. 

We should observe that we include, as part of the 
wages of the jnairied labourer, those of his wile and un- 
cmancipated children. To omit them would lead to in¬ 
accurate estimates of the comperative situation of the 
labourers iti different Countries, or iu different occupa¬ 
tions. Ill those employments which are carried on 
under shelter, and with the assistance of that machinery 
which affords power, and requires human aid only for 
its direction, the industry of a woman, or a child, 
approaches iu efficiency thut of a full-grown man. A 
girl of fourteen can manage a powet-loom nearly as 
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Political we i| as her father; but where strength, or exposure to 
Kconomy. ^ g caS ons, is required, little can be clone by the wife, 
’■’TV’—^ or the girls, or even by the boys, until they approach the 
tioii **" a & e ttt 'hey usually quit their lather’s house, 

ltuteof The earnings of the wile ami children of many a Man- 
wages. cheater weaver or spinner exceed, or equal, those of 
Aluamngs himself. Those of the wile and children of an ugricul- 
Ai'/Taud”** 1 tura * l a ' )nurer i or of a carpenter, or a coalheaver, are 
/uL-. ' generally unimportant—while the husbands, in each 
case, receives 15*. a week, the weekly income of the one 
family may be 40*., and that of the other only 17s. 
or 18*. 

It must be admitted, however, that the workman 
does not retain the whole of this apparent pecuniary 
advantage. The wife is taken from her household la¬ 
bours, and a part of the increased wages is employed 
in purchasing what might, otherwise, be produced at 
home. The evils to the children are still greater. The 
infants sutler from the want of maternal attention, and 
those who are older Irom fatigue and confinement, from 
the want of childish relaxation and amusement, and, 
what is far more important, from the deficiency of reli¬ 
gious, moral, utyl intellectual education. Tltc establish¬ 
ment of infant aud Sunday schools, and laws regulating 
the number of hours during which children may labour, 
are palliatives of these* evils, hut they must exist, to a 
certain degree, whenever the labour of the wife and 
children is the subject of sale; and, though not, allot’ 
them, perhaps, strictly within the province of Political 
Kconomy, must never be omitted in any estimate of 
the causes alfecling the welfare of tile labouring classes. 

The last preliminary point to which we have to call 
the render's attention is, the difference between the 
amount of and the price of labour, or, in other 

words, between the earnings of a labourer during a 
given time and the price paid for the performance of ft 
given quantity of work. 

If men were the only labourers, and if every man 
worked equally hard, and for the same number of hours, 
during the year, these two expressions would be syno¬ 
nymous. If each man, for instance, worked three 
hundred days during each year, and ten hours during 
each day. one threc-llioiisaiidth part of each man's 
yearly wages would he the price of an hour's labour. 
Hut neither of these propositions is true. The yearly 
wages of a family often iticlude. us we have seen, the 
results of the labour of the wife and children. And few 
things are less uiulnrin than the number of working 
duys during the year, or of working hours during the 
day, or the degree of exertion undergone during those 
hours. 

The established annual holidays in Protestunt Coun¬ 
tries are between fifty and sixty, in many Catholic 
Countries they exceed one hundred. Among the Hin¬ 
doos they are said to occupy nearly half the year. But 
these holidays arc confined to a certain portion of the 
population; the labour of a sailor, or a soldier, ora 
menial servaut, admits of scarcely any distinction of days. 

Again, in Northern and Southern latitudes, the hours 
of out-door labour ure limited by the duration of light; 
and in ail climates by the weather. When the labourer 
works under shelter, the daily hours of labour may be uni¬ 
form throughout the year. And, independently of natural 
causes, the daily hours of labour vary in different Coun¬ 
tries, and in different employments in the same Country. 
The daily hours of labour are, perhaps, longer in 
France than in England, and certainly are longer in 


England than in Hindustan. In Manchester the manu- 
facturcr generally works twelve hours a day; in Bir- Iicoaom T‘ 
mingham, ten : a London shopman is seldom employed 
more than eight or nine. * distnbu* 

There is still more discrepancy between the exertions lt™e of 
made by different labourers in a given period. They "ages, 
arc often, indeed, unsusceptible of comparison. There Dift'erenee 
is no common measure of the toils undergone by a amountof* 
miner and a tailor, or of those of a shopman and an iron- wages anil 
founder. And labour which is the same in kfnd may the price of 
vary indefinitely both in intensity and in productiveness. lllluur * 
Many of the witnesses examined by the Committee on 
Artisans and Machinery (Session of lSsJ4) were English 
manufacturers, who had worked in France. They agree 
as to the comparative indolence and inefficiency of the 
French labourer, even during his hours of employment. 

One of the witnesses, Adam Young, had been two 
years in one of the best manufactories in Alsace. He is 
asked, “ l>id you find the spinners there us industrious 
as the spinners in England?’' and replies, “No; a 
spinner in England will do twice as much as a French¬ 
man. They get up at four in the morning, aud work 
till ten at night; but our spinners will do as much in six 
hours as they will in ten."’ 

“ Had you any Frenchmen employed under you ? - 

“ Yes; eight, at two francs a day.” 

“ What had you a day l ’’—“ Twelve francs ” 

“ Supposing you had had eight English carders under 
you how much more work could you have done/”— 

“With one Englishman l could have done more than I 
did with those eight Frenchmen. It cannot be called work 
they do: it is only looking at it, and wishing it done.” 

“ Do the French make their yarn at a greater 
expense?”—“Yes; though they have their hands for 
much less wages than in England.’’—pp. 580, 58:i. 

The following evidence of F.dwiri Rose, given on the 
Factory Inquiry of 1833, relates to a rather later period, 
and is vuhiuble from the extensive experience of the 
witness. 

“ Are wages lower in France, as far as you have seen, 
than in England ?”—“If I have a shop of men in 
England for any thing, then I have to see how much 
I have to pay them for the work they turn out of any 
kind; but if 1 have the same shop in France, then I 
must have twice the number of hands to do the same 
amount of work. It is true I psv them less apiece 
there; but f have seen that you must have twice as 
large a building to contain the bands, twice as many 
clerks and book-keepers, ami overlookers to look after 
them, and twice as many tools to do the same quantity 
of work as is done here ill England; and the master 
there must, have twice as much interest of money on all 
this; and their minds seem to me to get more bew ddered 
with stress of work there than here. It seems to me 
that you have double the number of people thrre to do 
the same amount of work, whatever it be; but their 
wages are lower in money.” 

“ But do you consider their wages higher in reality .*”' 

—“ I really do; they are better paid in proportion to the 
work they turn out than what the English are.” 

“ What do you think of French workmen, as work¬ 
men ?’’—“ I don’t think they have that pciseverunce that 
English have. I often have noticed them trying a thing, 
and then, if it don’t answer at first, they seem terrified 
and shrug up their shoulders, and throw it aside; but an 
English workman keeps trying and trying, and won t 
give up near so soon as the .Frenchman. A house* 
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joiner or carpenter's wages are from thirty-five to forty 
sous a tlay. His work compared with English work is 
very rough, and hut little of it in comparison. A stone¬ 
mason’s wages are from three francs to four francs. 
They arc interior to our masons in laying foundations. 
Then, as to time of work, 1 think two Euglish masons 
iu tiie same time do more work on an average than 
three of theirs.’’ 

“ In short, do you know any single species of labour 
that stands a master cheaper in France than in Eng¬ 
land, quality and quantity of work being considered ?”— 
“ I don’t know any, unless it be tailors and shoemakers’ 
wages; and I am not sure about them. Clothes are 
dearer in France than in England; but shoes are 
cheaper, the duty being off leather.” First Report of 
the Factory Commission, D. i. p. 121. 

Even in the same Country, and in the same employ¬ 
ments, similar inequalities are constantly observed. 
Every one is aware that much more exertion is under¬ 
gone by the labourer by task-work than by the day-la¬ 
bourer; by the independent day-labourer than by the 
pauper; and even by the pauper than by the convict. 

It is obvious that the rate of wages is less likely to be 
uniform than the price of labour, us the amount of 
wages will be affected, in the first place, by any varia¬ 
tions in the price, and, in the second place, by any vari¬ 
ations in the amount, of the labour exerted. 

In England the average annual wages of labour 
are three times as high as they arc in Ireland; but as 
the labourer in Ireland is said not to do more than one- 
third of what is .lone by the labourer in England, the 
price of labour inay, in both Countries, be about equal. 
In England ihe labourer by task-vvoik earns much more 
thau the day-labourer; but, as it is certainly as profitable 
to employ him, the price of his labour cannot be higher. 
It may be supposed, indeed, that the price of labour is 
every where, and at all limes, the same; and, if there 
were no disturbing causes,—if all persons knew per¬ 
fectly well their own interest, and strictly followed it, 
and there were no diificulties in moving capital and la¬ 
bour from place to place, and from employment to em¬ 
ployment,—the price of labour, at the same lime, would 
be every where the same. But these difficulties occa¬ 
sion the price of labour to vary materially, even at the 
same time and place ; and variations both in the amount 
of wages and in the price of labour, at different times 
and in different places, are occasioned not only by these 
causes, but by others which will be considered in a sub¬ 
sequent part of this Treatise. 

These variations affect very differently the labourer 
and his employer. The employer is interested in keep¬ 
ing down the price of labour; but while that price re¬ 
mains the same, while at a given expense he gets a given 
amount of work done, his situation remains unaltered. 
If a farmer can get a field trenched for £12, it is indif¬ 
ferent to him whether he pays the whole of that sum to 
three capital workmen, or to four ordinary ones. The 
three would receive higher wages than the four, but, as 
they would do proportionality more work, their labour 
would come just as cheap. If the three could be hired 
at £3 10*. apiece, while the four required £3 apiece, 
though the wages of the three would be higher, the 
price of the work done by them would be lower. 

It is true Hint the causes which raise the amount of 
the labourer's wages often raise the rate of the capitalist’s 
profits, if, by increased industry, one man performs 
the work of two, both the amount of wages and the rate 


of profits will generally be raised. But the rate of profit 
will be raised, not by the rise of wages, but in conse¬ 
quence of the additional supply of labour having dimi¬ 
nished its price, nr having diminished the period for which 
it had previously been necessary to advance that price, 
or having rendered, as in the instances mentioned by 
Edwin Rose, the labour previously employed more pro¬ 
ductive. 

The labourer, on the other hand, is principally inte¬ 
rested in the amount of wages. The amount of his wages 
being fixed, it is certainly his interest that the price of 
his labour should be high, for on that depends the de¬ 
gree of exertion imposed on him. But, if the amount 
of his wages be low, he must be comparatively poor—if 
that amount be high he must be comparatively rich— 
whatever be his remuneration for each specific act of ex¬ 
ertion. In the one case lie will have leisure and want; 
in the other toil and abundance. We are far from 
thinking that the evils of severe and incessant labour, or 
the benefits of a certain degree of leisure, ought to be 
left out in any estimate of happiness. But, as we ol»- 
served in the beginning of this Treatise, it is not with 
happiness, hut with wealth, that we are concerned as Poli¬ 
tical Economists ; ws profess to state facts for the infor¬ 
mation and instruction of the student, not to lay down 
rules to guide the conduct of the legislator. In explain¬ 
ing the general laws according to which wealth is pro¬ 
duced and distributed we do not assume that all the 
means by which it can be augmented ought to be 
encouraged,or even to be permitted. We do not assume 
even that wealth is a benefit. In fact, however, wealth 
and happiness are very seldom opposed. Nature, when 
she imposed on man the necessity of labour, tempered 
his repugnance to it by making long-continued inac¬ 
tivity painful, and by strongly associating with exertion 
the idea of its reward. The poor and half-employed 
Irish labourer, or the still poorer and less industrious 
savage, is as inferior in happiness as he is in income to 
the hard-worked English artisan. The Englishman’s 
industry may sometimes be excessive; his desire to 
better his condition may sometimes drive him on toils 
productive of disease ill recompensed liy the increase of 
his wages; hut that such is not generally the case may 
be proved by comparing the present duration of life in 
England with its former duration, or with its duration 
in other Countries. It is generally admitted that, 
during the lust fifty years, a marked increase has taken 
‘ place in the industry of onr population, and that they 
are now the hardest-working labourers in the world. 
But during the whole of that period the average dura¬ 
tion of their lives has been constantly increasing, and 
appears still to increase; and, notwithstanding the ap¬ 
parent unhealthiness of many of their occupations, not¬ 
withstanding the atmosphere of smoke and steam, and, 
what appears to be still more injurious, of dust, in which 
many of them labour for sixty-nine hours a week, they 
enjoy, as a community, longer life than the lightly-toiled 
inhabitants of the most favoured soils and climates. 

The average annual mortality in England and Wales 
iscomputed by Mr. Rickman at one in (orty-nine. In the 
extensive inquiry instituted by the Poor-Law Commis¬ 
sioners in 1834 into the state of the labouring classes 
in America and the Continent of Europe, the only 
Countries in which the mortality appeared to be so 
small as in England were Norway, in which it appeared 
to be one in fifty-four, and the Basses Pyrenees, in which 
it appeared to be one in fifty. In all the other Countries 
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Political which gave returns it exceeded the English proportion 
Kco nomy. some times by doubling it, and in the majority of 
instances by more than one-fourth.* 
timi." *" Having marked the distinction which really exists 
Wages. between the price of labour and the amount of wages, 
we shall for the future consider every labouring family 
ns consisting of the same number of persons, and ex¬ 
erting the same degree of industry. On that supposi¬ 
tion, the distinction between the price of labour and the 
amount of wages will be at an end ; or rather, the only 
distinction will be, that the former expression designates 
the remuneiation for each specific exertion; the latter, 
the aggregate of nil those separate remunerations, as 
summed up at the end of each year. And the question 
to be answered will be, what are the causes which de¬ 
cide wliat in any given Country, and at any given period, 
shall be the quantity and quality of the commodities ob¬ 
tained by a labouring family during a year ? 

Proximate Cause deciding the Rate of /Pages. 

The proximate cause appears to be clear. The quantity 
and quality of the commodities obtained by each labouring 
family during a year must depend on the quantity and 
quality of the commodities directly or indirectly appro¬ 
priated during the year to the use of the labouring 
population, compared with the number of labouring 
families, (including under that term all those who depend 
on their own labour lor subsistence;) or, to speak more 
concisely, on the extent of the fund for the maintenance 
of labourers, compared with the number of labourers to 
be maintained. 

This proposition is so nearly self-evident, that if Poli¬ 
tical Economy were a new Science we should assume it 
without further remark. Hut we must warn our readers 
that this proposition is inconsistent with opinions which 
are entitled to consideration, some from the number, and 
others from the authority, of those who maintain them. 
Erroneous First. I t is inconsistent with the doctrine that the rate 
Opinions, of wages depends solely on the proportion which the 
number of labourers bears to the amount of Capital in a 
Country. The word capital has been used in so many 
senses that it is difficult to state this doctrine precisely; 
but we know of no definition of that term which will 
not include many things that are not used by the la¬ 
bouring classes ; and, if our proposition be correct, no 
incrcuse or diminution of these things can directly affect 
wages. If half the plate glass in the Country were to 
be destroyed to-morrow the capital of the Country would 
be diminished; but the only sufferers would be those 
who possess or wish to possess plate glass ; among 
whom the labouring classes are not included. Hilt if 
half the existing stock of coarse tobacco were destroyed, 
the immediate consequence would be a fall of wages ; 
not us estimated in money, but as estimated in the com¬ 
modities consumed by the labourer. Though receiving 
the same money wages, the labourer wmjld have less 
tobacco, or, if he chose to continue uudiminished his 
consumption of tobacco, then less of other things, than 
he had before. So if a foreign merchant were to come 
to settle in this Country, aud bring with him a cargo of 
raw and manufactured silk, lace, and diamonds, that 
cargo would increase the capita! of the Country ; silk, 
lace, and diamonds would become more abundant, and 

* Senior, Preface to Foreign Communication*, p. 238. 
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the enjoyments of those who use them would be in- Political 
creased : the enjoyments of the labourers, supposing them r ‘ eoaom T- 
not to be consumers of silk, lace, or diamonds,'would 
not be directly increased: indirectly and consequentiallyl Ji «t»ibu- 
they might be increased. Tlie silk might be re-exported \y"’ 
in a manufactured state, and commodities for the use of Erroneous 
labourers imported in return ; and then, and not till opinions, 
then, wages would rise; but that rise would be occa¬ 
sioned, not by the first addition to the capital of the 
Country, which was made in the form of silk, hut by the 
substituted addition made in the form of commodities 
used by the labourer. 

Secondly. It is inconsistent with the doctrine, that 
wages depend on the proportion borne by the number 
of labourers to the whole revenue of the society of which 
they are mnnbers. In the example last suggested, of 
the introduction of a new supply of lace or diamonds, 
the revenues of those who use iace or diamonds would 
be increased; but as wages are not spent on those ar¬ 
ticles, they would remain unaltered. It is possible, in¬ 
deed, to state cases in which the revenue of a large por¬ 
tion of n community might be increased, and yet the 
wages of the labourers might fall without an increase of 
their numbers. We will suppose the principal trade of 
Iielaud to be the raising produce for the English market; 
and that for every two hundred ucres ten families were 
employed in raising, on half the land, their own sub¬ 
sistence, and on the remainder corn and other export¬ 
able crops requiring equal labour. Under such circum¬ 
stances, if a demand should arise in the English market 
for cattle, butchers’-mcat. ami wool, instead of corn, it 
would be the interest of the Irish landlords and farmers 
to convert their estates from arable into pasture. In¬ 
stead of ten families for every two hundred acres, two 
might be sufficient: one to raise the subsistence of the 
two, and the other to tend the cattle and sheep. The 
revenue of the landlords and the farmers would be in¬ 
creased : and, if they employed the whole of that in¬ 
crease in the purchase of Irish labour, all parties would 
be benefited. But if they devoted the greater part 
of it to the purchase of English manufactures,the services 
of a large portion of the Irish labourers would cease to 
be required; a large portion of the land formerly em¬ 
ployed in producing commodities for their use would 
be devoted to the production of commodities for the 
use of England ; and the fund for the maintenance of 
Irish labour would fall, notwithstanding the increase 
of the revenue of the landlords and farmers. 

Thirdly. It is inconsistent with the prevalent opinion, Absentee- 
that the. non-residence of landlords, funded proprietors , ism - 
mortgagees, and other unproductive consumers, can be 
detrimental to the labouring inhabitants of a Country 
which does not export raw produce. 

In a Country which exports raw produce, wages may 
be lowered by such non-residence. If an Irish landlord 
resides on his estate, he requires the services of certain ■ 
persons, who must also be resident there, to minister to 
his daily wants. He must have servants, gardeners, aud 
perhaps gamekeepers. If he build a house, he must 
employ resident masons and carpenters ; part of his fur¬ 
niture he may import, but the greater part ol it must be 
made in his neighbourhood ; a portion of his land, or, 
what comes to the same tiling, a portion of his rent, 
must be employed in producing food, clothing, and 
shelter for all these perrons, and lor those who produce 
that food, clothing, and shelter. If he were to remove 
to England, all these wants would be supplied by Eng- 
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lishtr.ett. The lantl nncl capital which was formerly em¬ 
ployed in providing the maintenance of Irish labourers 
would he employed in producing; corn and cattle to be 
exported to England to provide the subsistence of 
English lidionrers. The whole quantity of commodities 
appropriated to the use of Irish labourers would be di¬ 
minished, and that appropriated to the nse of English 
labourers increased, and wages would, consequently, rise 
in England, and fall in Ireland. 

It is true that these etfecls would not be co-extensive 
with the landlord's income. While, in Ireland, he must 
have consumed many foreign commodities, he must 
have purchased tea, wine, and sugar, and other things 
which the climute and the manufactures of Ireland do 
not utlbrd, and he must have paid for them by sending 
corn and cattle to England. It is true, also, that while 
in Ireland he probably employed a portion of his land 
and of Ins rents for other purposes, from which the la¬ 
bouring population received no benefit, as a deer park, 
or a pleasure garden, nr in the maintenance of horses or 
hounds. On his] removal, that portion of Ilia land which 
was a park would be employed, partly in producing ex¬ 
portable commodities, and partly in producing sub¬ 
sistence for its cultivators; and that portion which fed 
horses for his use might be employed in feeding horses 
for exportation. The first of these alterations would do 
good ; the second could do no harm. Nor must we 
furget that, through the cheapness of couveyance between 
England and Ireland, a portion, or perliaps all, of those 
whom he employed in Ireland might follow him to 
England, and, in that case, wages in neither Country 
would be affected. The fund for the maintenance of la¬ 
bourers in Ireland, and the number of labourers to be 
maintained, would both be equally diminished, and the 
fund for the maintenance of labourers in England, and 
tlic number of labourers to be maintained, would both 
be equally increased. 

Hut after making all these deductions, and they are 
very great, from the supposed effect of the absenteeism 
of the Irish proprietors on the labouring classes in Ire¬ 
land, we cannot agree with Mr. M'Culloch that it is 
immaterial. We cannot but join in the general opinion 
that their return, though it would not affect the prosperity 
of the British Empire, considered as a whole, would be 
immediately beneficial to Ireland, though perhaps too 
much importance is attached to it. 

In Mr. M'Ciilloch’s celebrated examination before the 
Committee on the state of Ire!and,(4th Report, 814, Sess. 
1823.) he was asked, “ Supposing the largest export of 
Ireland were in live cattle, and that a considerable por¬ 
tion of rent had been remitted in that manner, does not 
such a mode of producing the means of paying rent con¬ 
tribute less to the improvement of the poor than any ex¬ 
tensive employment of them in labour would produce ?— 
He replies, “ Unless the means of paying rent are 
changed when the landlord goes home, his residence 
can have no effect whatever." 

“ Would not," he is asked, “ the population of the 
country be benefited by the expenditure among them of 
a certain portion of the rent which (if he had been ab¬ 
sent) has (would have) been remitted (to England) ?” 
“ No,” he replies, “ I do not sec how it could be bene¬ 
fited in the least. If you have a certain value laid out 
against Irish commodities in the one case, you will have 
a certain value laid out against them in the other. The 
cattle are cither exported to England, or they stay at 
home. If they are exported, the landlord will obtain an 


equivalent for them in English commodities; if they ere 
not, he will obtuin an equivalent forjthem in Irish com- . 
■noddies; so that in both cases the landlord lives on j) atliljU . 
the cattle, or on the value of the cattle: und whether tion. 
he lives i?i Ireland or in England, there is obviously Wage*, 
just the very same amountof commodities for the people Erroneous 
ot Ireland to subsist upon. Ab.iuUc- 

• This reasoning assumes that the landlord, while resi- ; im . 
dent in Ireland, himself personally devours all the cattle 
produced on his estates; for on no other supposition 
can ihere.be the very same amount of commodities for 
the people of Ireland to subsist upon, whether their cattle 
are retained in Ireland or exported. 

Rut when a Country does not export raw produce, 
the consequences of absenteeism arc very different. 

Those who derive their incomes from such a Country 
cannot possibly spend them abroad until they have pre¬ 
viously spent them at home. 

When a Leicestershire landlord is resident on his es¬ 
tate, lie employs a certain portion of his land, or, what 
is the same, of his rent, in maintaining the persons who 
provide for him those commodities and services, which 
must be produced on the spot where they are consumed. 

If he should remove to London, he would want the ser¬ 
vices of Londoners, und the produce of laud and capital 
which previously maintained labourers resident in Ix-i- 
cester would be sent away to maintain labourers resi¬ 
dent in London. The labourers would probably follow, 
and wages in Leicestershire and London would thru be 
unaltered; but until they did so, wages would rise in 
the one district and fall in the oilier. At the same time, 
as the rise und fall would compensate one another, us 
the fund for the maintenance ol labour, and the nuinber 
of labourers to be maintained, would each remain the 
Maine, the same amount of wages would be distributed 
among the same number ol persons, though not pre¬ 
cisely in the same proportion as before. 

If he were now to remove to Paris, a new distribution 
must take place. As the price of raw produce is lower 
in France than in England, and the difference in habits 
and language between the two Countries prevents the 
transfer of labourers from (he one to the other, neither the 
labourers nor the produce of his estates could follow 
him. He must employ French labourers, uml he must 
convert his share of the produce of his estate, or, what 
is the same thing, his rent, into some exportable form in 
order to receive it abroad, it muy lie supposed that he 
would receive lus rent in money. Evcu if lie were to 
do so, the English labourers would not be injured, for 
as they do not eat or drink money, provided tiie same 
amount of commodities remained for their use, they 
would be unaffected by the export of money. Rut it is 
impossible that he eould receive his rent in iiioucy 
unless be chose to suffer a gratuitous loss. The rate of 
exchange between London and Paris is generally rattier 
in favour of London, and scarcely ever so deviates from 
par between any two Countries, ns to cover the expense 
of transferring the precious metals from the one to the 
other, excepting between the Countries winch do, aud 
those which do not, possess mines. The remittances 
from Englaud to France must be sent, therefore, in the 
form of manufactures, either directly to France, or to some 
Country with which Franck lias commercial relations. 

And how would these manufactures be obtained ? Of 
connie in exchange for the iandlord’s rent. His share 
of the produce of his estates would now go to Rirming- 
hum or Sheffield, or Manchester or London, to main- 
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absentee employs his income precisely as if he were to 
remain at home and consume nothing bat hardware and 
cottons. Instead of the services of gardeners and ser¬ 
vants, upholsterers and tailors, he purchases those of 
spinners, and weavers, n|i<l cutters. In either case his in¬ 
come is employed in maintaining labourers, though the 
class of labourers is different; and in either cose, the 


whole fund for the maintenance of labourers, mid the 


number of labourers to be maintained, remaining unal¬ 
tered, the wages of labour cannot lie affected. 

But, iu fact, that fund would lie rather increased in 


quantity and rather improved in quality. It would be 
increased, because laud previously employed as a park, 
or in feeding dogs and horses, or hares and pheasants, 
would now lie employed in producing food or clothing 
for nun. It would he improved, because the increased 
production of manufactured commodities would occasion 
an increased division of labour, the use of more and 


better machinery, and the other improvements which we 
have ascertained to he its necessary accompaniments. 

Out* disadvantage, and one only, it appears to us would 
be the result. The absentee in a great measure escapes 
domestic taxation. We say in a great measure, 
because he still remains liable, if a proprietor of houses 
or oi land, to those taxes which fall upon rent: he pays, 
ton, u part of the taxes oil the materials of nnuiufitc- 
tures; and if it were our policy to tux income or 
expoiled commodities, lie might be forced to pay to the 
public revenue even more than his former proportion. 
But, under our present system, which throws the hulk 
of taxation on commodities produced for internal con¬ 
sumption, he receives the greater part of his revenue 
without deduction, and, instead of contributing to the 
support of the British (iovermneni, contributes to sup¬ 
port lint of France or Italy. This inconvenience, 
poihaps, about balances the advantages which we have 
just mentioned.‘biul leaves a community which exports 
only manufactures neither impoverished nor enriched 
by the lesidence abroad of its unproductive members. 

Wc ought, perhaps, on this occasion again to remind 
our readers that it is to wealth and poverty that our 
attention, when writing on Political Economy, is con¬ 
fined. The moral effects of absenteeism must never be 


neglected by a writer who inquires into the causes 
which promote Uie happiness of nations, but are without 
the province of a Political Economist. Nor do we 
regret that they arc so, lor they form a subject'on which 
it is far more difficult to obtain satisfactory results. In 
one respect, indeed, the moral question is the more 
simple, as it is not complicated by the consideration 
whether raw produce or manufactures are exported, or 
whether the non-resident landlord is abroad, or in some 


town within his own Country. It his presence is to be 
morally beneficial, it must lie his presence on his own 
estate. To the inhabitants of that estate the place to 
which he absents himself is indifferent. Adam Smith 
believed bis resilience to be morally injurious. “ The 
residence of a Court,' 1 he observes, (book ii. ch. iii.) 
*’ in general makes the interior sort of people dissolute 
•rod poor. 'Jhe inhabitants of a large village, alter 
huviug made considerable progress in manufactures, 
have bcoitie idle in consequence of a great Lord haring 
taken up his rosideuce in their neighbourhood.” And 
Mr. M'Culloch, whose fidelity and intelligence as an ob¬ 
server may be relied on, elates, as the result of hia own 


experience, that in Scotland the estates of absentees me Political 
almost always the best managed. Much, of course Economy, 
depends on individual character ; hut we are inclined 10 y—' 

believe that, in general, the presence of men of large ni,,rilm - 
fbrtune is morally detrimental, and that of men of\y"’ „ 
moderate fortune morally beneficial, to their immediate KmSanus 
neighbourhood. The habits of expense acd indulgence opinions, 
which, in different gradations, prevail among nil the M'xentce- 
menibers of a great establishment, are mischievous as ,s,n ’ 
examples, and perhaps still more so ns sources of 
repining und discontent. The draw ing-rontn and 
stable do harm to the neighbouring gentry, und the 
housekeeper’s room and sonants' bull to their interiors. 

But families of moderate income, including under that 
term incomes between £f)00 and £.‘000 a year, appear 
to be pluced in the station most favourable to the ac¬ 
quisition of moral and intellectual excellence, and to its 
diffusion among their associates and dependents. Wc 
have no doubt that a vvell-iegulated gentleman’s family, 
removing the prejudices,soothing the quariels, directing 
and stimulating the exertions, and awarding praise 
or blame to the conduct of the villagers round them, is 
among the most efficient means by which the character 
of a neighbourhood can be improved. It is the happi¬ 
ness of this Country that almost every parish has a resi¬ 
dent fitted by fortune and education lor these services; 
ami hound, not merely by teelings of propriety, but as a 
matter of express and professional duty, to their perl'oi m- 
ance. The dispersion throughout the Counliy ot so 
many thousand clerical families, each acting in its own 
district as a small centre of civilization, is an advantage 
to which, perhaps, wc have been too long accustomed 
to be able 10 appreciate its extent. 

Still, however, we think that even the moral effects of 
absenteeism have been exaggerated. Those who declaim 
against the twelve thousand English families supposed 
to be resident abroad, seem to forget that not ouc-half, 
probably not one-qnurter, of them, if they were to re¬ 
turn, would dwell any where but in towns, where their 
influence would be wasted, or probably not even 
exerted. What does it signify to the Northumbrian 
or Devonshire peasant whether his landinid lives 
in London, or Cheltenham, or Rome? And even of 
those who would reside in the country, how many 
would exercise that influence beneficially ? How 
many would lie fox-hunters or game-preservers, or sur¬ 
round themselves with dependents whose example 
would more than compensate for the virtues of their 
masters? Nothing can he mure rash than to predict 
that good would lie the result of causes which are quite 
as capable of producing evil. 

The economical effects have been still more generally 
misunderstood; and we have olten been tempted to 
wonder thut doctrines so clear as those which we have 
just been submitting to our readers should be admitted 
with reluctance even by those who feel the proofs to be 
unanswerable, and should be rejected at onre by others, 
as involving a paradox too monstrous to be worth 
examination. 

Much of this, probably, arises from n confusion of 
the economical with the moral part of the question. 

Many writers mid renders of Political Economy forget 
that the clearest proof that absenteeism diminishes the 
virtue or the happiness of the remaining members ol a 
community is no answer to arguments which aim only 
at proving that it does not diminish their wealth. 

Another and perhaps the chief source ol error is the 
•2 o -2 
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Political circumstance that, when the landlord is present, the gain 
. is concentrated, and the loss diffused, when he is absent 

Distiibu- l * le £ a * n » diffused, and the loss concentrated. When 
tion. he quits his estate, we can put our Anger on the 

Wages. village tradesman and labourer who lose his custom and 
Erroneous employment. We cannot trace the increase of custom 
Absentee- au< * employment that is consequently scattered among 
millions of manufacturers. When he returns, we see 
that the expenditure of £2000 or £3000 a year in a 
small circle gives wealth and spirit to its inhabitants. 
We do not see, however clearly we may infer it, that so 
much the less is expended in Manchester, Birmingham, 
or Leeds. The inhabitants of his village attribute their 
gain and their loss to its causes; and their complaints 
and acknowledgments are loud in proportion to the 
degree in which they feel their interests to be affected. 
No single manufacturer is conscious that the average 
annual export of more than forty millions sterling has 
been increased or diminished to the amount of 
£2000 or £3000. And even if aware of that increase or 
diminution, he would not attribute it to the residence 
in Yorkshire or Paris of a given individual, of whose 
existence he probably is not aware. When to obvious 
and palpable effects nothing is to be opposed but infer¬ 
ences deduced by a long, though perfectly demonstrative, 
reasoning process, no one can doubt which will prevail, 
both with the uneducated, and the educated, vulgar. 

Many persons, also, are perplexed by the consideration, 
that all the commodities which are exported as re¬ 
mittances of the absentee’s income are exports for which 
no return is obtained; that they are os much lost to this 
Country as if they were a tribute paid to a foreign 
State, or even as if they were thrown periodically into 
the sea. This is unquestionably true; but it must be 
recollected, that whatever is unproductive!y consumed 
is, by the very terms of the proposition, destroyed, with¬ 
out producing any return. The only difference between 
the two cases is, that tite resident landlord performs that 
destruction here; the absentee perforins it abroad. In 
either case, he first purchases the services of those who 
produce the things which he, for his benefit, not for 
theirs, is to consume. If he stays here, he pays a man 
to brush a coat, or clean a pair of boots, or arrange a 
table; all which in an hour after are in their former 
condition. When abroad, he pays an equal sum for 
the production of needles, or calicoes, which are sent 
abroad, and equally consumed without further benefit 
to those who produced them. They are, in fact, sold 
for money to be employed in paying the wages of those 
foreign servants who now brush the shoes and draw the 
corks, which, if the landlord had not been an absentee, 
would tiave been brushed and drawn in England. The 
income of unproductive consumers, however paid, is a 
tribute; and whether they enjoy it here or elsewhere, is 
their own concern. We know that a man cannot eat his 
cake and have it; and it is equally true that he cannot 
sell a cake to another and keep it for himself. 

A gain, some acute reasoners appear to us to have been led 
into error on this subject, by perceiving that the income of 
an absentee is generally remitted to him by means of a trade 
in which the returns are comparatively slow,*and that the 
expenditure of his income is profitable to those among 
whom he resides.t Now assuming that these circumstances 

* Professor LongfUld, Lecturer on Commerce and etbtenlteitm, p. 6. 

t Oawy im tVagn, p. 46. A Work which we regret nut to have 
received until psrtof this Treatise bad been stereotyped, and the 
remainder was in prist. 


occasion a loss to any body, it is dear that the loss falls Political 
solely on the absentee. His rents are, in the first in- . co " onf| y- 
stance, expended as quickly as they are received in the p; gJr ^ u _ 
purchase of manufactured commodities, to be exported 
ior his benefit as a means of remittance. They are ex- Wages, 
pended, therefore, in the support of the trade of the Erroneous 
English manufacturer, a trade giving quick returns, high 
wages, and, if we may judge from the additional capital ; tm _ 
which it is attracting every clay, high profits. The ab¬ 
sentee, in thus spending his income, gives to England 
all that an unproductive consumer can give, the wages 
and the profits arising from the expenditure in England 
of his income as fast as he receives it. Neither the gain 
nor the loss attending on the remittance or on the subse¬ 
quent expenditure of its amount are any concern of ours. 

They affect only the absentee. If he selects ill the place 
of his residence, he may have to lose by remittances at 
long dates, or at an unfavourable exchange, or have to 
pay dearly for had commodities or unskilful services. 

If lie selects it well, he may be a gainer by the interme¬ 
diate operations to which his income has been subjected, 
and receive a larger revenue than he • would have ob¬ 
tained at home, or may spend that revenue more agree¬ 
ably. But with all this England has nothing to do. 

The last cause to which we attribute the slow progress 
of correct opinions on this subject is their distasteful ness 
to the most influential members of the community. 

Nothing can be more flattering to landlords, annuitants, 
mortgagees, and fundholders, than to be told that their 
residence is of vital importance to the Country. 

Nothing can be more humiliating than to be assured 
that it is utterly immaterial to the rest of the community 
whether (hey live in Brighton, or London, or Paris. 

Those who are aware how much our judgment, even in 
matters of Science, is influenced by our wishes, will not 
be surprised at the prejudices against a doctrine which 
forbids the bulk of the educated class to believe that 
they arc benefactors to their Country by the mere act of 
residing within its shores. * 

We may appear, perhaps, to have dwelt ton much on 
a single subject; but no prevalent error can be effectually 
exposed until its prevalence has been accounted for. 

And these are errors which are to be heard in every 
society, and often from those whose general views in 
Political Economy are correct. They may be called 
harmless errors, but no error is, in fact, harmless; and 
when tiiere is so much in our habits that really requires 
alteration, we may lose sight of the real and the remedi¬ 
able causes of evil, while our attention is misdirected to 
absenteeism. 

Fourthly. Onr proposition that the rote of wages Machines, 
depends on the extent of the fund for the maintenance 
of labourers, cnnqtared with the number of labourers to 
be maintained, is inconsistent with the doctrine that the 
general rate of i eager can, except in two cases, be 
diminiehed by the introduction of machinery. 

The two cases in which the introduction of machinery 
can produce such an effect are, first, when labour is 
employed in the catulruclion of machinery, which labour 
would otherwise have been employed in the production 
of commodities for the use of labourers; and, secondly, 
when the machine itself consumes commodities which 
would otherwise have been consumed by labourers, and 
that to a greater extent than it produces them. 

The first case is put by Mr. Ricardo, in his chapter 
on machinery; but in so detailed a form, that, instead 
of quoting it, we will extract its substance, with a alight 
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Political variation of the terms. He supposes a capitalist to 
Economy. ca(T y on t |, e business of a manufacturer of commodities 
Dirtiibu^ f° r the use of labourers; or, to use a more concise 
tion. * expression, the business of a manufacturer of wages. 
Wages. He supposes him to have been in the habit of commenc- 
Erroneous jug every year with a capital consisting of wages for a 
E certain number of labourers, which we call twenty-six, 
ac ry and of employing that capital in hiring twenty men, to 
reproduce, during the year, wages for the whole twenty- 
six, and six to produce commodities for himself. Ha 
now supposes him to employ ten of his men during a 
year in producing, not wages, but a machine, which, 
with the aid of seven men to keep it in repair and work 
it, will produce every year wages for thirteen men; that 
is, wages for six men besides the seven that work it. At 
the end of the year the capitalist's situation would be 
unaltered: he would have wages for thirteen men, the 
produce of the labour of his other ten men during the 
yeur; and his machine, also the produce of the labour 
of ten men during the year, and therefore of equal 
value. And his situation would continue unaltered. 
Kvery year his machine would produce wages for 
thirteen men, #f whom seven must be employed in 
repairing ami working it, and six might, as before, be 
employed lor the benefit of the capitalist. But we have 
Been that, during the year in which the machine was 
constructed, only ten men were employed in producing 
wages instead of twenty, and, consequently, that wages 
were produced for only thirteen men instead of for 
twenty-six. At the end of that year, therefore, the fund 
for the maintenance of labour was diminished, and 
wages must, consequently, have fallen. It is of great 
importance to recollect, that the only reason for this fall 
was the diminution of the annual production. The 
twenty men produced wages lor twenty-six men: the 
machine produces wages for only thirteen. The vulgar 
error on this subject supposes the evil to arise, not from 
its true cause, the expense of constructing the muchine, 
but from the productive powers of that machine. So 
far is this from being true, that those productive powers 
are the specific benefit which is to he set against the evil 
of its expeusiveness. If, instead of wages for thirteen 
men, the machine could produce wages for thirty, its 
use, us soon os it came into operation, would have 
increased instead of diminishing the fund for the main¬ 
tenance of labour. The same eflect would have been 
produced, if the machine could have been obtained with¬ 
out expense; or if the capitalist, instead of building it 
out of his capital, hod built it out of tils profits; if, 
instead of withdrawing ten men for a year from the 
production of wages, he had employed iu its construction, 
during two years, five of the men whom he is supposed 
to have employed iu producing commodities for his own 
use. In either case, the additional produce obtaiued 
from the machine would have been an additional fund 
for the maintenance, of labour; and wages must, ac¬ 
cording to our elementary proposition, have risen. 

We have thought it necessary to state this possible 
evil aa a part of the theory of machinery, but we are far 
from attaching any practical importance to it. We do 
not believe that there exists upon record a single 
instance in which the whole annual produce has been 
diminished by Ute use of inanimate machinery. Partly 
in consequence of the expense of constructing the 
greater part of machinery being defrayed out of profits 
or rent, and partly in consequence of the great propor¬ 
tion which the productive powers of machinery bear to 


the expense of its construction, its use is uniformly Political 
accompanied by an enormous increase of production. Economy. 
The annual consumption, of cotton wool in this Country, 
before the introduction of the spinning-jenny, did iiin ,,is,ribu - 
exceed twelve hundred thousand pounds; it now iS"' i 
amounts to two hundred and forty millions. The nuin- Erroneous 
ber of copies of books extant at any one period before opinion*, 
the invention of the printing-press was probably smaller MachinCT y. 
than that which is now produced in a single day. 

Mr. Ricardo's proposition, therefore, ( Princ. 474.) that 
the use of machinery frequently diminishes the quantity 
of the gross produce of a Country, is erroneous, so far 
as it depends on the case which he has supposed, and of 
which we have stated the substance. 

The other exception, that where the machine itself 
consumes commodities which would otherwise have 
been consumed by labourers, and that to a greater 
extent than it produces them, applies only to the case of 
horses and working-cattle, which may lie termed ani¬ 
mated machines. We will suppose a farmer to employ on 
his farm twenty nten, who produce annually their own 
subsistence, and that of six other men producing com¬ 
modities for the use of their master. If five horses, 
consuming, we will say, as much as eight men, could do 
the work of ten men, it would be worth the farmer's while 
to substitute them for eight, of his men, as he would be 
able to increase tile number of persons who work for 
his own benefit from six to eight. But after deducting 
the subsistence of the horses, the fund for the mainte¬ 
nance of labourers would be reduced from wages for 
twenty-six men to wnges for eigiiteen. We cannot 
reliise to admit that such cases may exist, or to deplore 
the misery that must accompany them. They are, in 
fact, now occurring in Ireland, and are occasioning much 
of the distress of that Country. They seein, indeed, to 
he tiie natural accompaniments of a certain period in the 
progress of national improvement. In the early stugea 
of society, the rank and even the safely of tiie landed 
proprietor is principally determined by the number of 
his dependents. The best mode of increasing that 
number is to allow the land, whicli lie does not occupy 
as his own demesne, to be subdivided into small 
tenements, each cultivated by one family, and just 
sufficient for their support. Such tenants can of course 
pay little rent, but they are enabled by their abundant 
leisure, 'and forced hy their absolute dependence, to 
swell the retinue, and aid the political influence, of their 
landlord in peace, and to follow his banner in public and 
private war. Caineran of Lochiel, whose rental did 
not exceed £500 a year, carried with him into the Re¬ 
bellion of 1745 eight hundred men raised from his own 
tenantry. But in the progress of civilization, as wealth 
becomes the principal means of distinction and influence, 
landowners prefer rent to dependents. To obtain rent, 
that process of cultivation must be employed which will 
give, not absolutely the greatest amount of produce, but 
the greatest after deducting the expenses. For tin's pur¬ 
pose a tract of five hundred acres, from which fifty 
families produced their own subsistence, and produced 
scarcely any thing more, may be converted irtto one 
farm, and with the labour of ten families, and as many 
hones, may produce the subsistence of only thirty taini- 
lies. Fortunately, however, the period at which these 
alterations take place is generally one of great social 
improvement; so that, after a short interval, the in¬ 
creased diligence and skill with which labour is applied 
occasion an increase of the produce, alter deducting the new 
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Vulilicftl expenditure. The fund for the maintenance of labourers 
. .unuiD). nrtW becomes increased from two different sources—partly 
J)i»tri’ju- hrom the increased efficiency of human labour when aided 
tion. by that of horses and cattle, and partly from the results of 
Wage*. a part of the human labour 6et free by the substitution 
Krrimeuus of brutes. The ultimate consequences of such a change 
are always beneficial; the change itself must, in general, 
y * be accompanied by distress. 

But with the exception of these two cases, one of 
which produces only temporary effects, and the other, 
though apparently possible, seems never actually to 
occur, it appears clear that the use of machinery must 
either raise the general rate of wages, or leave it un¬ 
altered. 

When machinery is applied to the produeiion of com¬ 
modities which are not intended, directly or indirectly, 
for the use of labourers, it occasions no alteration in the 
general rate of wages; we say the general rate of 
wages, because it may diminish the rate of wages in 
some employments,—u diminution always compensated 
by a corresponding increase in some others. A small 
screw was shown to us at Birmingham which, in the ma¬ 
nufacture of corkscrews, performed the work of fifty- 
nine men ; with its assistance one man could cut a spiral 
groove in as many corkscrew shanks as sixty men could 
hate cut in the same time with the tools previously in 
use. As the use of corkscrews is limiled, it is not pro¬ 
bable that the demand for them has sufficiently increased 
to enable the whole number of labourers previously em¬ 
ployed in their manufacture to remain so employed 
after such an increase in their productive power. Some 
of the corkscrew-makers, therefore, must have been 
thrown out of work, and the rate of wages in that trade 
probably fell. But as the whole fund tor the mainte¬ 
nance of labourers, and the whole number of labourers 
to be maintained, remained unaltered, that fall must 
have been balanced by a rise somewhere else—a rise 
which we may trace to its proximate cause, by recollect¬ 
ing that the fall in the price of corkscrews must have left 
every purchaser of a corkscrew a fund for the purchase 
of labour, rather larger than he would have possessed if 
he had paid the former price. 

If. however, machinery be applied to the production 
of any commodity used by the labouring population, the 
general rate of wages will rise. That it cannot fall is 
clear, on the grounds which we have just stated. If 
the improvement be great, and the commodity not sub¬ 
ject to a corresponding increase of demand, some of 
the labourers formerly employed in its production will 
be thrown out of employment, and wages, in that trade, 
will fall—a fall which, as the whole fund for the mainte¬ 
nance of labour is not diminished, must be met by a 
corresponding rise in some other trade. But the fund 
will be increased by the additional quantity produced of 
the commodity to which the improvement bus been ap¬ 
plied : estimated in that commodity, therefore, the general 
rate of wages, or, in other words, the quantity of com¬ 
modities obtained by the latmiiriug population, will be 
increased by the introduction of machinery; estimated 
in all others, it will be stationary. 

The example taken from the manufacture of cork¬ 
screws is as unfavourable to the effects of machinery as 
can be proposed; for the use of the commodity is sup¬ 
posed to be unable to keep up with the increased power 
of production, and the whole number of labourers em¬ 
ployed on it is, consequently, diminished. This, how¬ 
ever, is a very rare occurrence. The usual effect of an 


ECONOMY. 

increase in the facility of producing a commodity is so to Political 
increase its consumption as to occasion the employment conomy. 
of more, not less, labour than before. Dintribu- 

We have already called the reader's attention to the t ; on _ 
effects of machinery in the manufacture of cotton and in Wages 
printing. Each of these trades probably employs ten Krroneotis 
limes as many labourers as it would have employed 
spinning-jennies and types had not been invented. BC ln 
Under such circumstances, (and they arc the usual ones,) 
the benefits of machinery are not ulloyed by even par¬ 
tial inconvenience. 

Those who are little affected by inferences from general 
propositions may be iuffuenccd by a witness wito states 
the results of his own observations. We will support 
our argument, therefore, by the following extract from 
Mr. Cowell’s valuable preface to the tables of wages 
constructed by him in the performance of his duties as a 
Commissioner oil the Factory Inquiry:— 

“ As long as the cotton-working continues to extend, 
the apprehensions entertained hy the operatives of a fall 
in wages, either lor adults or children, consequent upon 
improvements in machinery, are groundless. Titeir 
assertion is, (and it was repeated to #ie innumerable 
times.) that they have to turn out more work now for 
less wages than formerly. The Manchester and Halford 
Advertiser , which is the journal ot the operatives, scarcely 
publishes a number which does nut ring the changes on 
this assertion; ami in that for the 11th of January, 1834, 
it asserts, ‘ that a spinner now turns out double the 
work for a tenth less wages than in 1504.' 

“ The matter stands thus: in 1804 a spinner was paid 
8». 6d. for every pound of yarn of the fineness of two 
hundred hunks to the pound, spinning on a mule of the 
average productive power of that time. What that pro¬ 
ductive [Mover was I do not know. But in 1829 he 
was paid at the rate of 4s. Id. Ibr spinning the same 
quality on a mule of the productive power of three hun¬ 
dred and twelve ; in 1831, and at present, at the rate of 
2s. 5 d, and 2s. 8W. for spinning the same quality oil a 
mule of the productive power of six hundred and forty- 
eight. These quotations are from the Manchester prices. 

“ Thus, in 1829, the spinner turned off three hundred 
and twelve pounds of yarn in the same lime that he now 
takes to turn off six hundred and forty-eight, lie was 
paid uf the rale of 4s. Id. per pound in 1829, he is now 
paid at the rate of 2s. 5d. But three hundred and twelve 
pounds at 4t. Id. amount to one thousand two hundred 
and seventy-four shillings, and six hundred and forty- 
eight pounds at 2s. 5 d. to one thousand five hundred and 
sixty-six shillings. He receives, therefore, two hundred 
and ninety-two shillings more than he did in 1829 for equal 
times of work. It is perfectly 'rue that he does ‘ more 
work lor leas wages than in 1829;’ but this is nothing 
to the purpose, when the proposition to be proved is, 
that ‘ wages are lower than formerly.’ 1 mean to say, 
that a spinner earns a shilling, or a [tound, or a hun¬ 
dred pounds, in less time at present than he would have 
consumed in earning a shilling, or a pound, or a hun¬ 
dred pounds, ten years ago, and with the same or less 
labour; that this enhancement of his earnings has been 
owing to improvements in machinery ; that the progress 
of improvements will progressively advance his esrnings 
still higher, snd at the same time enable a greater num¬ 
ber of individuals to profit by the enhanced rate than 
actually profits by the actual rale; (provided that no¬ 
thing occurs to prevent the cotton business from deve¬ 
loping itself for the next thirty years as it has done for 
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Political the last;) and that any improvement in the machinery 
Economy. j n all y one 0 f the numerous departments of cotton-work- 
Uiatribu ' n ff will operate to enhance the rate of wages in all other 
lion. brunches, (us well as in that deparlmentin which it takes 
Wages. place,) by increasing the actual previous demand for 
Erroneous labour in those other branches. I assert that every im- 
opinions. provement of cotton machinery, in any department of 
M mer J' cotton-working, lias hitherto had the effect of enabling 
‘ an operative’ (speaking in general of every one, ill 
every department whatever) to earn a greater net amount 
of money, in any given time, than he would have doue if 
the improvements had never taken place. 

“ The misconceptions as to the real effect of machinery 
on the wages of labour which tiie operatives entertain 
are tiie causes of turn-outs and strikes; they produce 
rankling discontent towards their masters, and I regret 
that I have not had the opportunity of giving them a 
fuller exposure. 

“ I certainly consider it of great consequence that the 
operatives themselves should be satisfied that improve¬ 
ments iu machinery tend to raise the amount of money 
thnt they gain individually and generally, for the same 
number of lioujs’ work. Those who dispute the fact 
must, I think, admit that 1 have established it in the 
cases which l have selected, as tar as spinners are con¬ 
cerned ; and as they must likewise admit that the im¬ 
provement specified creates a fresh and additional demand 
for young hands, they must also admit that the wages of 
young bauds ure augmented iu consequence. They 
must equally admil, that as the price of the article will 
be lowered iu the market from the effects of the im¬ 
provement, more of it will be consumed ; and hence 
thnt, iu all the corrclutc processes connected with spin¬ 
ning of cotton, inoie hands will be required, and conse¬ 
quently that wages throughout the whole range of 
cotton-working will be better than they were before. If 
these considerations should induce operatives to hesitate 
before they combine and turn out against new machinery, 
before they again cabal for shortening the hours of work, 
in order to counteract the (fancied) injurious effect upon 
wages of improvements in machinery, und should lead 
them to neglect the advice of those who urge them ‘ to 
strike for eight hours’ work and twelve hours’earnings,’ 
(and this is the advice they have lately received,) my pur¬ 
pose will he answered. 

“ The generality of the operatives in cotton-working 
arc well meaning, respectable, shrewd, and sensible ; and 
I believe that if the real effect of machinery in augmenting 
Ihe actual rate of their earnings, and in enabling a greater 
number of persons to benefit by the augmented rate, 
could be fuirly set before them and rendered familiar to 
their minds, it would have a most beneficial effect upon 
their actions as members of society.” Factory Inquiry 
Commission, 2d Report. D. i. 119. n. m. 

Pollution. Fifthly. Closely connected with this mistake, and 
occasioned by the same habit of attending only to what 
is temporary and partial, and neglecting what is perma¬ 
nent and general; of dwelling on the evil that is con¬ 
centrated, uud being insensible to the benefit thut is dif¬ 
fused. is the common error of supposing that the general 
rate of wages can be reduced by the importation of 
foreign, commodities. . In fact, the opening of a new 
market is precisely analogous to the introduction of a 
new machine, except that it is a machine which it costs 
nothing to construct or* to keep up. If the foreign 
commodity be not consumed by the labouring popula¬ 
tion, its introduction leaves the general rate of wages 


unaffected; if it be used by them, their wages are Political 
raised as estimated in that commodity. If the laws Kcun c m y- 
which favour the wines of the Cape to the exclusion of those 
of France were repealed, more labourers would be employed 1) ” >tribu " 
ill producing commodities for the French market, ami \y)L f 
fewer for that of the Cape. Wages might temporarily KmowMS 
fall ill the one trade, aud rise in the oilier. The clear "I'hiiotw. 
benefit would be derived by the diitikers of wine, who 
at the same expense, would obtain more or better wine. 

So if what are called the protecting duties on French 
silks were removed, fewer labourers would he employed 
iu the direct production of silk, and more in its indirect 
production, by the production of the cottons or hard¬ 
ware with which it would be purchased. The wearers 
of silk would be the only class ultimately benefited; 
and ns the labouring population neither wear silk nor 
drink wine, the general rate of wages would, in both 
cases, retrtaiii unaltered. Hut if the laws which prohibit 
our obtaining on the most advantageous terms sugar au<l 
corn were altered, that portion of the fund lor the 
maintenance of labour, which consists of corn and 
sugar, would be increased. Ami the general rate of 
wages, as estimated in two of the most important articles 
of food, would be raised. 

Sixthly. The views which we have been endeavouring Kinploy- 
to explain are inconsistent with the common opinion, meat. 
that the. unproductive consumption of tandlordsand capi¬ 
talists is beneficial to the labouring classes, because it 
furnishes than with employment. “ Tillage.’’ say s I’aley, 

(aud tiiis is another form of the same fallacy,) “ is pre¬ 
ferable to pasturage, not only because the provision 
which it yields goes much further iu the sustentutiou of 
life, but because it affords employment to a mure nume¬ 
rous peasantry." The production ol more subsistence is 
certainly an advantage, but what is the advantage of its 
requiring more labour? If this lie an advantage the 
lertilily of laud is ail evil. If the thing required be em¬ 
ployment, we should abandon ploughs and even spades. 

To scratch up a rood with the fingers would give more 
employment than to dig an acre. Those who maintain 
that unproductive consumption does good by affording 
employment, must forget that it is not employment, Imt 
food, clothing, shelter, and fuel, in short, the materials 
of subsistence and comfort, that the labouring classes 
require. The word “employment” is merely a concise 
form of designating toil, trouble, exposure, anti fatigue. 

It is indeed sometimes elliptically used us implying the 
subsistence which is purchased bv enduring it. A poor 
man cnmpluios that lie wants work. He might work to 
his heart’s content, aud with no man’s leave, if he chose 
to carry stones from the bottom to the top of a hill. 

But what lie wants is work as a means of obtaining pay¬ 
ment. He would be lrnppy to gel the payment vvit flout 
the work. Toil, exposure, and tntigue. per sr, are evils, 
und the less of them thut is required for obtaining a given 
amount of subsistence and comfort, nr, in other words, the 
greater the facility of obtaining that given amount, (he 
better, center is paribus, will be the condition of the labour¬ 
ing classes; indeed, of all classes iu the community. 

What occasions the prosperity of a colony ? Not the 
dearness of subsistence, but its cheapness; not (he diffi¬ 
culty of obtaining food, clothing, shelter, and fuel, hut the 
facility. Nowhowcau unproductive consumption increase 
(ids facility ? How can the fund from which all are to be 
maintained be augmented by the destruction ol a portion 
of it? If the higher orders were to return to the cus¬ 
toms of a ceutury ago, and cover their coats with gold 
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Political lacp, they might enjoy their own finery; but how would 
Economy. t ^ a( benefit their interiors ? The theory which we are 
considering replies that they would be benefited by being 
tion. employed in making the lace. It is true that a poat, 
Wages. * instead of costing £C>, would cost £55. But what he¬ 
ft rroneou* comes now of the extra £50? for it cannot be said that, 
opinions, because it is not spent on a laced coat, it does not exist. 
meat. 0 *" If a landlord with £ 10,000 a year spends it unproduc- 
tively, he pays it away to those who furnish the embel¬ 
lishments of his house and grounds, and supply his 
stable, his equipage, uud his clothes. Suppose him now 
to abandon all unproductive expenditure, to confine 
himself to hare necessaries, and to earn them by his own 
labour, the first consequence would be, that those among 
whom he previously spent his £10,000 a year would 
lose him as uu employer; and beyond this the theory in 
question sees nothing. But what would he do with the 
£ 10,000 which he would still annually receive? No 
one supposes that he would lock it up in a box, or bury 
it in his garden. Whether productively or unproduc- 
tively, it still must be spent. If spent by himself, as by 
the supposition it would be spent productively, it must 
increase, and every year still further increase, the whole 
fund applicable to the use of the rest of the community. 
If not spent by himself, it must be lent, as is done by 
a miser of the present day, to some other person, and 
by that person it must be spent productively or unpro¬ 
ductive^. He might, perhaps, buy with it property 
in the English funds; but what becomes of it in the 
bauds of the person who sells to him thut funded pro¬ 
perty ? lie might buy with it French rentes; but 
in what form would the price of those rentes go to 
Paris?—In the form, as we have seen, of manufactured 
commodities. Quacunque via dali , every man must 
spend his income; and the less lie spends on himself, 
the more remains for the rest of the world. 

The seventh and last theory inconsistent with our own 
views, to which vve shall call the reader’s attention, is 
that proposed by Mr. Ricardo in the tbl'owing passage:— 
Preference “ The labouring class have no small interest in the 
of service* manner in whicli the net income of the Country is ex- 
to coinmo- pended, aiihough it should, in all cases, be expended 
for the gratification and enjoyment of those who are 
fairly entitled to it. 

“ If a landlord, or a capitalist, expends his revenue in 
the manner of an ancient Baron, in the support of a 
great number of retainers or menial servants, he will 
give employment to much more labour than if he ex¬ 
pended it on fine clothes or costly furniture. 

In both cases the net revenue would lie the same, 
and so would be the gross revenue, but the former 
would be realized in different commodities. If my re¬ 
venue were £10,000, the same quantity nearly of pro¬ 
ductive labour would be employed, whether I realized it 
in fine clothes and costly furniture, &c. &c., or in a 
quantity of food and clothing of the same value If, 
however, I realized my revenue in the first set of com¬ 
modities, no more labour would be consequently em¬ 
ployed: I should enjoy my furniture and my clothes, and 
there would be an end of them; but if I realized my 
revalue in food and clothing, and my desire was to em¬ 
ploy menial servants, all those whom I could so employ 
with my revenue of £ 10,000, or with the food and 
clothing which it would purchase, would be to be added 
to the former demand for labourers, and this addition 
would take place only because i chose this mode of ex¬ 
pending my revenue. As the labourers, then, are inte¬ 


rested in the demand for labour, they must naturally de- Polities! 
sire that as much as possible should be diverted from Ecoa o° > y- 
expenditure on luxuries, to be expended in the support • 

of menial servants. tion. 

“ In the some manner a Country engaged in war, anil Wages." 
which is under the necessity of maintaining large fleets Preference 
and armies, employs a great many more men than will 
be employed when the war terminates, and the annual 
expenses which it brings with it cease. 

“ If 1 were not called upon for a tax of £500 during 
the war, which is expended on men in the situations of 
soldiers and sailors, I might probably spend that portion 
of my income on furniture, clothes, books. &c. &c., and 
whether it was expended in the one way or the other, 
there would be the same quantity of labour employed in 
production ; for the food and clothing of the soldier and 
sailor would require the same amount of industry to pro¬ 
duce them as the more luxurious commodities: but, in 
the case of war, there would be the additional demand 
for men as soldiers and sailors; and, consequently, a 
war which is supported out of the revenue, and not from 
the capital of a Country, is favourable to an increase of 
population. • 

“ Atthe termination of the war, when part of my re¬ 
venue reverts to me, and is employed ns before in the 
purchase of wine, furniture, or other luxuries, the popu¬ 
lation which it before supported, and which the war called 
into existence, will become redundant, and by its 
effect on the rest of the population, and its competition 
with it for employment, will sink tile value of wages, 
and very materially deteriorate the condition of the 
labouring classes.” * 

Mr. Ricardo’s theory is, that it is more beneficial to 
the labouring classes to be employed in the production 
of services than in the production of commodities; that 
it is better for them to be employed in standing behind 
chairs than in making chairs; as soldiers or sailors than 
as manufacturers. Now, as it is clear that the whole 
quantity of commodities provided for the use of labour¬ 
ers is not increased by the conversion of an artisan into 
a footman or a soldier, either Mr. Ricardo must be wrong, 
or our elementary proposition is false. 

Mr. Ricardo seems to have been led to his conclusions 
by observing that the wages of servants, sailors, and 
soldiers are principally paid in kind—those of artisans 
in money. He correctly Btatca, that if a muit with 
£10,000 a year spends his income in the purchase of 
commodities lor his own use, he retains, after having 
marie those purchases, no further fund for the mainte¬ 
nance of labour; but that if he spends it in the purchase 
of commodities to be employed in maintaining menial 
servants, be has, in those purchased commodities, a 
new fund with which he can maintain a certain number 
of menial servants. It appeared to him, therefore, 
that the landlord would, in the latter case, be able to 
spend his income twice over; to subsist twice as many 
persons as before. It did not occur to him that the 
landlord, by,purchasing himself the subsistence of his 
servants, merely does for them what they would be able 
to do better for themselves t that, instead of spending 
his own income twice over, he merely takes on himself 
the business of spending theirs for them. He did not 
perceive that all that the landlord spends in purchasing 
the subsistence and clothing of his servants, is so much 
deducted from what he would otherwise have to pay to 

* Principle*, Sfc. p. 475. 
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them in money, to be l»y them employed in the purchase 
of subsistence and clothing ; and that if lie were to give 
to his servants the value of their whole subsistence in 
money, the whole body of labourers would he just as well 
maintained as in the supposed case of his purchasing their 
subsistence, and then giving it to them in exchange for 
their services. Noone would maintain that, if it were the 
general practice, in this Country, ns it is in India, to give 
to servants hoard wages, the demand for labour would 
be lessened; or that if it were the practice, as it is in semi- 
barbarous Countries, to maintain servants to produce 
within their masters’ walls the commodities which we 
arc accustomed to purchase from shops, such us the 
fine clothes and furniture to which Mr. lticurdo alludes, 
the demand for labour would tie increased. Still less 
could it lie maintained, that if those servants, instead of 
producing commodities, were employed in following their 
master's person, nr mounting guard before his door, such 
a change would create an additional demand for men, 
and be favourable to nit increase of population. 

So far ore we from concurring in Mr. Ricardo’s opi¬ 
nion, that it is the interest of the labourers that revenue 
should be spen*rather on services than on commodities, 
that we believe their interest to be precisely opposite. In 
the first place, the labourer can generally manage lietter 
his own income than it can be managed for him by bis 
master. If a domestic servant could earn as wages the 
whole sum which he costs his master, even if he were to 
spend it as he received it, he woidd probably spend it with 
more enjoyment. Secondly, the income spent on services 
is generally spent in the purchase of what perishes at the 
instant of its creation; that spent on commodities often 
leaves results which, when their first purchaser has done 
with them, nre serviceable to others. In this Country 
the poor are, to a great extent, clothed with garments 
originally provided for their superiors. In all the belter 
class of cottages may be found articles of furniture which 
never could have been made for their present possess¬ 
ors. A large portion of the commodities which now 
contribute to the comfort of the labouring classes would 
never have existed if it had been the fashion in this 
Country, during the last fifty years, to prefer retinue and 
attendance to durable commodities. And, thirdly, the 
income employed on commodities is favourable to the 
creation of both material and immaterial capital; that 
employed on services is not. The duties of u servant are 
ao easily learned, that he can scarcely be termed a skilled 
labourer; his accumulations are small in amount, and 
seldom turned to much advantage. The artisan learns 
a trade, in which every year adds to his skill, and is 
taught mechanical and chemical processes, often suscep¬ 
tible of indefinite improvement, and in which a single 
invention may raise tile author to wealth, and diffuse 
prosperity over a whole district, or even a whole nation. 
An industrious artisan can often save a large portion of 
his income, and invest it with great and immediate pro¬ 
fit. He purchases with his savings a small stock of tools 
and materials, and, by the vigilance and activity which 
can be applied only to a small capital, renders every 
portion of iL efficient. The ancestors, and not the remote 
ancestors, of some of our richest and our proudest fami¬ 
lies, the authors of some of our most valuable discoveries, 
were common mechanics. Wiiat menial servant has in 
this Country, and in modern times, been a public bene¬ 
factor, or even raised himself to affluence ? Both his¬ 
tory and observation show that those Countries in which 
expenditure is clueily employed in the purchase of ser- 
voi. vt. 


vices arc poor, and those in which it is chiefly employed Political 
on commodities are rich. Economy 

Mr. Ricardo’s theory as to the effects of war is still 
more strikingly erroneous. It is, in the first place, open I),strlbu " 
to all the objections which we have already opposed to Wages, 
his views respecting menial servants. The revenue 
which is employed in maintaining *-oldiers and sailors 
would, even if tinproductively consumed, maintain at 
least an equal number of servants and artisans; and that 
portion of it which would have been employed in the 
maintenance of artisans would (as we have seen) have 
been far more beneficially employed. The demand for 
soldiers and sailors is not, as he terms it, an additional, it 
is merely a substituted, demand. But a great part of 
that revenue would have been productively consumed. 

Instead of employing some labourers in converting sub¬ 
urbs into fortifications, and forests into navies, to perish 
by dry rot in harbour, or by exposure at sea, and others 
in walking the deck and parading on the rampart, it 
would have employed them in adding more and more 
every year to the fund from which their subsistence'is 
derived. War is mischievous to every class in the com¬ 
munity ; but to none is it such a curse as to the 
labourers. 

We have now explained the principal errors which 
are inconsistent with our elementary proposition, namely, 
that the quantity and quality of the. commodities ob¬ 
tained by each labouring family during the year must 
depend on the quantity and quality of the commodities 
directly or indirectly appropriated during the year to the 
use of the labouring poputa/ion, compared with the 
number of labouring families, or, to speak more concisely, 
on the extent of the fund for the maintenance of labour¬ 
ers, compared with the number of labourers to be main¬ 
tained. 

On what, then, does the extent of that fund depend ? 

In the first place, on the productiveness oflabour in the 
direct or indirect production of the commodities used by 
the labourer ; and, in the second place, on the number 
of persons directly or indirectly employed in the produfv 
tion of things tor the use of labourers, compared with the 
whole number of labouring families. If we wished'to 
ascertain the comparative wages of the labouring popu¬ 
lation in two parishes, containing each, we will say, 
twenty-four labouring families, these arc the only two 
points to which we need direct our inquiries. If we 
found that in the one parish eighteen families, and in the 
other only twelve, were employed in producing commo¬ 
dities for the whole twenty-four, we should infer that, 
supposing the labour of each to be equally productive, 
wages must be higher by ouc-fourth in the first than in 
the second. But if we found that in the second parish 
labour was more productive by one-half than in the first, 
we should infer an equality of wages in the two. 

We will begiu by considering the causes which Productive- 
aflect the productiveness of labour in the direct or iiov> »t la- 
indirect production of the commodities, used by. the uu • 
labourer. We add the word indirect, not with refer¬ 
ence to the v hole fund which supplies the mainte¬ 
nance of all the labourers throughout the world, but 
with reference to the fund which supplies the wants of 
the labourers in a particular Country. If " consider 
the whole wot Id as forming one eomnuiuity.it is obvious 
that the fund for the subsistence 0 / the labouring por- 
2 E 
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political tion of thnt community cannot bo increased by Hie in- 
£conomy. crease j production of tlmse commodities which they do 
' ”* ' not use ; by the increased production, for instance, of 

™ r,b “- lace or statues. 

Wages. Hut the fund for the maintenance of the labourers in 
Productive' any {riven Country may be, and often is. materially de¬ 
nes* of la- pendent on the facility with which they can produce 
born. commodities useless to themselves except as the instru¬ 
ments of exchange. The tea, the tobacco, and the sugar 
used by our labouring population are principally ob¬ 
tained in return for exported commodities unfitted for 
our climate and our habits. But the superior facility 
with which we produce those exported commodities en¬ 
ables, or, if legislative interference did not prevent it, 
would enable, our labouring population to obtain tea, 
sugar, and tobacco with less labour than they cost in 
the Countries of which they are the natural growth. It 
is unimportant to the labourer whether his corn is the 
produce of the soil of England or of Poland ; whether 
it is obtained directly by means of the plough, or indi¬ 
rectly by means of the loom. 

On what then does the first of these two causes, 
namely, the productiveness of labour, depend? 

First. It depends partly on the corporeal, intellectual, 
and moral qualities of the labourer ; on his diligence, 
his shill, and his strength of body and mind. And these 
depend on causes, many of which are imperfectly un¬ 
derstood, and others are too complicated to admit of 
concise explanation, or to lie fully considered without en¬ 
tering into investigations connected indeed with Political 
Economy, but not within its peculiar province. Much 
may depend on race and on climate; much more de¬ 
pends on religion, education, and government. One 
cause only we shall slightly dwell on, because it is sim¬ 
ple, and has not been sufficiently considered by any 
writers except M. Quetelet,* and Sir F. D’lveniois.t 
and that is, the mean age of the labouring popula¬ 
tion. This depends partly on the average duration of 
life in a Country, and partly on the rate at which its 
population is increasing. In England, the average du¬ 
ration of life is supposed to amount to about forty-four 
years. In many Countries it does not reach thirty-five; in 
some it does not attain twenty-five. Again, in some 
Countries the population doubles every twenty-five years. 
At the present rate of increase in England it would 
double in about fifty. The average period of its doubling 
throughout Europe is supposed to be about a century. ^ 

Now it is obvious that, the number of persons and the 
Tate of increase in any two Countries being given, that 
Country would have the greater number of adults in 
which the average duration of life was the longer; and, 
the longevity being given, that Country would have the 
greater proportion of adults in which the rate of increase 
was the slower. Longevity, and a population stationary 
or slowly increasing, are therefore favourable to the 
productiveness of labour. 

Secondly. The corporeal, intellectual, and moral 
qualities of the labourer being given, the productiveness 
of labour in any Country will partly depend on the na¬ 
tural ngents by which it is assisted, or, in other words, on 
the climate, soil, situation, and extent in proportiou to 
its population, of that Country. 

To some Countries nature has refused the means of 
supporting human life; to others she has refused the 
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means of wealth. No exertions would enable a com- PolitlesI 
munitvto exist long on Melville Island, or in the lXserls _ aowy. 
of Africa, or to exist comfortably in Greenland or Nova 
Zembla. But, though she can deny riches, she cannot u * 
give them. The finest districts in the world are among vvacei. 
the poorest. With all the lirnte and inanimate sources Vrodurtive- 
of affluence profusely scattered before them, the inhabit- ness of la- 
ants of the greater part of Africa, America, and Asia ljour ‘ 
want the moral and intellectual qualities by which the 
raw materials of wealth arc to be worked up. Even 
the Iceland ersseem to be richer than the Guachos. But, 
although local advantages ore fur from being the most 
efficient causes of the productiveness of labour, their in¬ 
fluence must not be disregarded. They have enabled the 
colonics of highly civilized nations to advance to opu¬ 
lence with a rapidity of which we have no other ex¬ 
ample. 

‘ Thirdly. The productiveness of labour partly depends 
on the degree in which it is assisted by abstinence, or, to 
use a more familiar expression, by the use of capitnl. 

We have already explained the advantages afforded 
by capital, and traced them to the use of implements 
and the division of labour, and need %nly remind our 
readers that, of all means by which labour can"be ren¬ 
dered productive, the use of capitnl is far the most effi¬ 
cient. Without tools, and without the division of em¬ 
ployments, man would be an animal less capable of ob¬ 
taining enjoyment, or even subsistence, than the brutes 
of the field. 

Fourthly, The last of'the causes which influence the 
productiveness of labour is the existence or the absence 
of government interference. 

The essential business of government is to afford de¬ 
fence ; to protect the community against foreign and 
domestic violence and fraud. Unfortunately, however, 
governments have generally supposed it to be their duty, 
not merely to give security but wealth; not merely to 
enable their subjects to produce and enjoy in safety, but 
to teach them what to produce and how to enjoy; to give 
them instruction how to manage their own concerns, 
and to force them to obey that instruction. 

Unfortunately, too, the ignorance and folly with which 
they have attempted to execute this office have been 
equal to the ignorance and folly which led them to 
undertake it. Partly under the influence of what has 
been called the mercantile theory, the theory which 
teaches that wealth consists of gold nnd silver, and'may 
be indefinitely increased by exporting commodities, and 
receiving only money in return; and partly misled by the 
circumstance, that when an individual, or a class, obtains 
a monopoly against the public, the loss, however great, 
becomes imperceptible from its diffusion, old the gain, 
however trifling, is obvious, because it is concentrated, it 
has long been the ruling principle of commercial states¬ 
men to favour direct at the expense of indirect production ; 
to refuse participation in the. benefits bestowed by nature 
on foreign Countries, though at the expense of surren¬ 
dering a portion of what she has conferred on their own; 
and to force the industry of their subjects from those chan¬ 
nels in which they have peculiar advantages, into those 
for which their climate, their habits, and their soil are 
inappropriate. 

It is under the influence of these causes that the 
civilized world has lately exhibited the strange spectacle 
of general peace accompanied by general distress. 

During the War, the greater part ®f Southern Europe 
had coalesced into one vast Empire; a single Sovereign 
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P»Utiwi ruled from Hamburgh" to Rome; and hundreds of 
Eoooomy. jj nes 0 f custom-houses and revenue-officers, that had 
previously interposed against commerce barriers^ more 
tion ° U ' impassablo tliau seas or mountains, were swept away. 
Wages. Napoleon was deeply steeped in the mercantile theory. 

Productive- and his conduct .shows how completely his. views were 
nei« of la- founded on unreflecting prejudice. In obedience to that 
“ our ’ theory, he believed free trade between independent Slates 
to be like gambling between individuals, and therefore 
mischievous to the one or to the other: mischievous in 
fact to the one which, in the ultimate settling of accounts, 
had to pay a balance in money. While France and 
Italy were under different rulers, he therefore must have 
believed that the inhabitants of one of tire two Countries 
would be injured by being allowed to purchase the 
commodities of the other. 'But the framers of the 
mercantile theory, blind as they were, had never ven¬ 
turer! to object to the freest intercourse between the 
inhabitants of contiguous districts in the same Em¬ 
pire. When he had forcer) under bis yoke Belgium 
and France, lie allowed them therefore a freedom of 
intercourse which he still prohibited between France 
and Austria; tatally forgetting that the benefit of an 
exchange does not depend on the accident, whether the 
parties to it are, or are not, fellow-subjects. His theories 
were servile copies of errors unhappily too prevalent, 
and faded away before bis strong common sense on the 
slightest variation of appearances, though the facts on 
which the question turns were unaltered. 

On the termination of the War, Napoleon’s Empire 
was broken up into independent Kingdoms, and eacli 
State set to work to rcimpose on itself the fetters which 
his powerful huud had broken. Dnuaniers and pre¬ 
ventive-service men were found instruments as efficient 
in wasting the resources of their own Country, and in 
arresting the improvement of their neighbours, as armies 
and fleets. The produce of France became contraband 
in Belgium and Italy, and the produce of Belgium and 
Italy in France. America solemnized the Peace by a 
tarilf, and Englund by a corn law. To prohibit what¬ 
ever is wanted became again the rule in commercial 
policy. Russia is an agricultural Country; she there¬ 
fore forbad the import of foreign manufactures. Eng¬ 
land is abundantly supplied with manufactures, sho 
therefore prohibited corn. 

We are inclined to think that the conduct ofRussis was 
practically more mischievous than that of England. She 
has adhered to the anti-commercial system with far 
more pertinacity than we have; indeed, every change 
which she has made, has been to add to duties, and to 
exteud prohibitions. But the objections in principle 
against the exclusion of raw produce seem to us still 
more forcible than those against the exclusion of manu¬ 
factures. In the first place, the consumption of the 
labourer consists principally of raw produce, or slightly 
worked commodities. No restrictions on the importa¬ 
tion of the finer manufactures can affect biin. But laws 
against the importation of raw produce are specifically 
directed against the labouring population. Their pro¬ 
fessed object is Uf diminish, in fact, the principal fund for 
the maintenance of labour. Am), secondly, when an 
agricultural Country prohibits foreign manufactures, the 
labourer is, to a certain extent, indemnified by u conse¬ 
quent fall in the price of raw produce. On the other 
hand, when a manufacturing Country prohibits the im¬ 
portation of row produce, the price of all commodities, 
excepting labour, has a tendency to increase, and the 


labourer finds it more difficult to obtain nery article of Political 
his consumption. Economy. 

This may require some explanation. We have already v »v 
shown, that every additional quantity of raw produce is, Oistribu- 
generally speaking, obtained at a greater proportional . 
expense. To prohibit the importation of manufactures ProSte- 
is, of course, to prohibit the exportation of the raw pro- ne* 8 ofU- 
duce, which otherwise would have been employed iii pur- hour, 
chasing them. As a smaller quantity of raw produce is 
wanted, a smaller quantity is produced, and that quantity 
is produced at a less proportionate expense; labour, 
though less productive in clothes and furniture, becomes 
more productive in raw produce ; the price of raw produce, 
therefore, falls, and the labourer, in having less to pay for 
food, obtains some compensation for having more to pay 
for other commodities. The greater part of the evil falls on 
the proprietors ofthe laud. On the contrary, every addi¬ 
tional quantity of manufactured produce is obtained, so 
far as the manufacturing of it is concerned, at a less pro¬ 
portionate expense. Every increase of the supply is 
accompanied by the introduction of more and better 
machinery, and by a further division of labour. As in 
the former case, restrictions on the importation of raw 
produce are, in fact, restrictions on the exportation of 
manufactures. Fewer manufactured commodities being 
wanted, and consequently fewer produced, what are 
produced are produced at the expense of proportionately 
more labour than would otherwise be necessary. More 
raw produce must be raised at home, and that also must 
be raised at a greater proportionate expense of labour. 

The price of the pne kind of commodities rises, because 
it has become necessary to produce more, and that of 
the other, because it has become necessary to produce 
less. The productiveness of labour is diminished each 
way, and the only person uninjured is the landlord. _ 

To a certain extent, however, the misdirection of indus¬ 
try by government interference is a necessary evil. The 
dutiesof government cannot be performed without a public 
revenue; nor can a considerable public revenue be raised 
without taxation; and the struggle to escape taxation 
always tends to divert industry from its natural channels. 

The tax which is least open to this objection, a tax on rent, 
must tend to prevent the application of capital to land; 
a tax on profits to occasion the exportation of capital; 
a tax on income derived from property to prevent accu¬ 
mulation; a tax on wages to occasion their payment 
rather in kind than in money, and to prevent the labourer 
from acquiring durable and visible property in the hope 
of pleading his poverty as an excuse. Taxes on specific 
articles are evaded by the substitution of some less bur¬ 
dened or cheaper commodity. The beer and malt 
duties are avoided by the substitution of spirits. The 
duties ou tea and coffee by the use of roasted corn. 

Now, every tax, so far as it is evaded, is simply mis¬ 
chievous. A window blocked up to avoid window tax 
may diminish the light and air enjoyed by a whole 
family, but adds nothing to the public revenue. A dis¬ 
tinct and a still greater injury arises from taxation im¬ 
posed on the instruments anil processes of industry 
The salt tax, while it existed, prevented in a great 
measure the use of salt in agriculture. The duty on 
advertisements prevents vendors and pure bakers from 
knowing each other's wants and supplies. r l he duties 
on leather, on spirits, and on glass, have not only pre 
vented England from attaining, iu the manufacture of 
those commodities, her usual superiority, but have kept 
her positively behind the improved part ot Eutope. la 
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Political prevent fraud on the Excise, the manufacturer is subject 
Economy. to innumerable regulations and prohibitions incompati- 
ble with a proper economy of materials and division of 
lion." U labour, and which bend very reluctantly to improve- 

Wngcs. ments. To improve is necessarily to alter, and any 

Prodnc- alteration in the process prescribed by law may entangle 
tivenecs of the manufacturer within the meshes of a regulating Act 

labour. 0 f Parliament. 

It is commonly supposed that men are sufficiently 
ready to grumble at taxation ; but the fact that they are 
very imperfectly aware of the degree and kind of evil 
indirectly inflicted might be proved from many instances. 
To select only one. Most persons are aware of the far 
higher price borne by good malting barley above the 
ordinary barley used only for feeding stock; nor can 
any one doubt that the price of beer is materially en¬ 
hanced by this circumstance. But, probably, not one 
consumer in ten thousand has any idea that this is 
connected with taxation. Yet, in fact, a large propor¬ 
tion of the barley set aside as unfit for malting would 
make, as far as nature is concerned, very good malt, but 
requires a process somewhat different from that which 
the Excise regulations prescribe, and is consequently ren¬ 
dered by law useless for that purpose. It may easily be 
conceived that, if the times and mode of ploughing, 
harrowing, and sowing were prescribed by law, a large 
portion of land now productive would lie waste. 

A Country which has been forced by the folly or the 
rapacity of its own government, or by the folly or ra¬ 
pacity of other States, to raise a large public revenue, 
suffers in general far more from the indirect than from 
the direct effects of taxation ; suffers more by being pre¬ 
vented from producing, than by being obliged to pay. 

The causes which determine the productiveness of 
labour in the direct or indirect production of the com¬ 
modities used by the labourer appear, therefore, to be 
four. First, the personal character of the labourer, 
his corporeal, intellectual, and moral qualities; secondly, 
the degree in which he is assisted by natural agents; 
thirdly, the degree in which he is assisted by capital; 
fourthly, the degree of freedom with which he is allowed 
to direct his industry. 

Proportion of Persons employed in the Production of 

Commodities for the Use of Labourers to the whole 

Number of Labouring Families. 

If all labourers were employed in the production, 
direct or indirect, of commodities tor their own use, the 
rate of wages would depend solely on’the productiveness 
of labour. But it is obvious that this could never be 
the case, unless the labourers themselves were the 
owners of all the capital and all the natural agents of 
the country; a state of existence so utterly bar¬ 
barous as to be without distinction of ranks or division 
of labour; a slate in which a few scattered savage fami¬ 
lies have sometimes been found, but which exhibits 
none of the phenomena wiiich it is the business of Poli¬ 
tical Economy to trace to their causes. A great portion 
of the labour employed in a civilized community is em¬ 
ployed in the production of things in the use of which 
the labourer is not to participate. In a civilized com¬ 
munity, therefore, the extent of the fund for the mainte¬ 
nance of labour depends not only on the productiveness 
of labour, hut also on the number of persons employed 
in the production of things for the use of labourers, com¬ 
pared with the whole number of labouring families. 


It appears to us that there are three purposes to 
which labour, which might otherwise be employed in 
supplying the fund for the use of labourers, may be di¬ 
verted ; namely, the production of things, first, to'be 
used by the proprietors of natural agents; secondly, to 
be used by the government; and thirdly, to be used 
by capitalists; or, to speak more concisely, though less 
correctly, labour, instead of lieing employed in the pro¬ 
duction of wages, may be employed in the production of 
rent, taxation, or profit. 

First, with respect to rent. 

We have already seen that rent depends in part on 
the'productiveness of the natural agent for the assistance 
of which it is paid. Now any increase in the produc¬ 
tive powers of that agent has a tendency to increase 
rent, and can have none to diminish wages. 

The improvements in agricultural skill which have 
taken place during the last one hundred years have 
greatly increased the productiveness of the Lowlands of 
Scotland, and greatly increased the amount of rent; 
but that increase has been accompanied by au increase, 
though not in an equal ratio, of the amount of wages. 
Adam Smith states, that at the time When he wrote 
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Distribu¬ 
tion. 
Wage*. 
Direction of 
labour. 
Kent. 


Direction of 
labour. 

1. To rent. 


(the period of the American War) the usual price of 
common labour there was 8d. a day, or 4s. a week. It 
is now more than 8». a week; u sum capable of pur¬ 
chasing one-third more of raw produce, and three or 
four times as much of manufactured produce, as the 
former wages. Though the rental of the Lowlands has 
more than tripled, though a much larger portion of what 
the labourer produces is producer! for the benefit of the 
landlord, yet the positive increase of the whole produce 
more than compensates this apparent inconvenience. 
Instead of producing, we will say, twenty bushels, of 
which the landlord received ten, the capitalist two, and 
the labourer eight, he produces perhaps thirty-five, of 
which the landlord receives twenty, the capitalist three, 
and the lalioiirer twelve. 


It appears, therefore, that the whole fund for the 
maintenance of labour is not necessarily diminished in 
consequence of a considerable portion of the labourers in 
a Country being employed in producing commoditiea 
for the use of the proprietors ol the natural agents in 
that Country. Such labourers may, in fact, be consi¬ 
dered as existing only in consequence of the existence 
of natural agents of extraordinary productiveness. They 
draw their subsistence not from the common fund, such 
as it otherwise would be, but from the addition made to 


that fund by that extraordinary productiveness. 

Of course, when we speak of the amount of rent as 
unimportant to the labourer, we must be understood to 
mean only that rent which arises from the peculiar or 
increased productiveness of the natural agent in question, 
not of that which arises merely from an increase of popu¬ 
lation. We have already stated that, in the absence of 
disturbing causes, subsistence maybe expected to in¬ 
crease in a greater ratio than population. But, as we 
then remarked, it certainly is possible, and perhaps, 
tinder the influence of superstition and misgovermnent, 
it is probable, that the number of inhabitants in a Country 
might increase without a commensurate increase of the 
means, direct or indirect, of obtaining raw produce. 
Under such circumstances, rents would rise, and labour, 
which, if the population hud remained stationary, would 
have been employed in the production of commodities 
for the use of labourers, would now be employed in 
producing commodities for the use of landlords, A 
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Political rise of rent so occasioned would of course be detri- 
Economy. men t a i to the mass of the community. It must be recol- 
lected, also, that the government of every Country has 
tioru ° U ” > n some measure the power of deciding in what pro- 
Wagea. portions the different classes of its subjects shall conlri- 
D: action bute to the public burdens. Some governments have 
of labour attempted to exempt, as far as they could, the labourers 
cooauino- ^ rom these burdens, and to throw them as far as they 
tion of go- could upon the landlords. Others again have charged, 
verameot. or have allowed individuals to charge, the revenue arising 
from land with an expenditure for purposes in which the 
landlordsjwere not solely or principally interested ; such 
, as the establishment and maintenance of roads and 
bridges, the supply of religious, moral, and intellectual 
instruction, the affording gratuitous medical relief to the 
sick, and even support to the able-bodied poor or their 
families. Others, on the other hand, have endeavoured 
to favour the landlords by imposing public expenditure 
on the more defenceless portion of the community, the 
labourers; and many have adopted each of these dif¬ 
ferent lines of conduct on different occasions, or with 
respect to different portions of their expenditure. The 
tendency of every such institution must be to augment 
or diminish the proportion of the labourers employed for 
the benefit of landlords, compared with that of those who 
are employed for the benefit of labourers. 

Another cause distu rbing these proport ions is the attempt 
by a government to create rent, if it can be called rent, 
by forcibly limiting the bounty of nature. It is possible 
that, if we had continued to prohibit the corn of Ireland, 
the incomes of English landlords might have been in¬ 
creased. So, if no coal were allowed to be burned except 
the produce of a single colliery, the possessor of that 
colliery would enjoy a princely revenue. But the gain 
from such a monopoly is not strictly reut; it is oppression 
and robbery. 

2. Direction The second purpose to which labour may be diverted 
of labmn te f roRI supply of commodities for the use of labourers 
croieiimii- 8 ** supply of the consumption of government. It 
tion of go- is clear that all the labour that is employed in the sup- 
verument. port of unnecessary establishments, and all the surplus 
labour which is employed in supporting on an unne¬ 
cessary scale of expense those establishments which are 
strictly wanted, is so much taken from the revenue of the 
whole people. Still more injurious is the employment 
of labour for the purposes not merely useless, but posi¬ 
tively mischievous; in the support of pagodas or bonzes, 
to keep up or disseminate a demoralizing superstition; 
in the support of armies and navies to plunder the com¬ 
merce and ravage the territories of States, which nature 
enabled to confer mutual benefits, but tbe folly or wicked¬ 
ness of their rulers force to inflict mutual evil; or in the 
support of barriers and blockades to maintain the com¬ 
mercial war in which nations are accustomed to spend 
the breathing time of actual hostility. Unnecessary 
taxation, even when innocently applied, is fraud or rob¬ 
bery. It is difficult to find a designation fqr that which 
is applied to ends still more mischievous than the means; 
for. that which makes plunder and extortion tbe instru¬ 
ments of still further injury. 

It appears at first sight that only this mischievous or 
useless expenditure ought to be considered as a deduction 
from wages, since the labour which is employed in effect¬ 
ing the legitimate purposes of government is as much 
employed for the benefit of the labouring classes as that 
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which is employed in the direct production of commodities Political 
for their use. The great object of government is to afford Economy* 
security, and security is of all blessings the most im- v 
portant, and the one least capable of being obtained by Wstribur 
uncombined exertions. Those writers who have main- \y"’ 
tained that whatever is raised by taxation is deducted Diredfonof 
from tile revenue of the Country, seem to have been labour to 
led to this conclusion, by observing that the object of ““I’P'y ‘h® 
government is to occasion not positive but negative 
effects, not to produce good, but to prevent evil. And vemment 
they have thought it right to deduct what is so spent 
from the net revenue of the people. But it must be 
recollected that the mere prevention of evil is one of the 
principal objects even of individual expenditure. We 
do not build houses because it is pleasant to breathe the 
confined atmosphere of a room, but because roofs and 
walls are the only means by which the inclemency of 
the seasons can be avoided. We do not buy drugs for 
our pleasure, but to avert or remove disease. Yet no 
one ever thought what he spends on medicines and on 
house rent a deduction from his income. When the 
members of a Friendly Society raise among themselves 
a fund for their relief in sickness, they do not consider 
their contributions a deduction from their wages, but a 
mode of expenditure. And it may be asked, in what 
respect does each man’s contribution towards the means 
by which the community is to be protected against 
internal and external violence and fraud differ from his 
contribution to a Friendly Society, excepting that tiiose 
evils are more severe and more constantly imminent 
than sickness, and less capable of being warded off by 
individual eflbrts ? It is true that, if (he protection could 
be less expensively obtained, (he fund for the mainte¬ 
nance of labour would be increased. But this is merely 
an exemplification of what wc have already stated, that 
the extent of the fund for the maintenance of labour 
depends mainly on the productiveness of labour. If fewer 
fleets, and armies, and magistrates, could preserve the 
peace, that is, if labour were more productive in affording 
security, the labouring clases would, rtcleris paribus, be 
better off, just as they would be better off if fewer hus¬ 
bandmen or artisans could produce, directly or indirectly, 
the same quantity of corn; that is, if labour were more 
productive in supplying food. 

But admitting all this to be true, it is also true, as we 
have already remarked, that the labourer is interested 
not only in the amount and application of the public 
revenue, and ill the degree in which its payment affects 
the productiveness of labour, but also in the manner in 
which the burthen of supplying it is distributed. If the 
duty on wine were abolished, and an equal revenue 
raised by substituting an additional duty on coarse to¬ 
bacco, the labourers, who are the only consumers of 
coarse tobacco, would purchase, with the same propor¬ 
tion of their wages, less tobacco than before, uud the 
landlords and capitalists, who are the only consumers of 
wine, would purchase, with the same proportions of their 
rents and profits, more wine. The productiveness of 
our labour and the export of our manufactures would 
be undiiniuislied; even the nature of our exports need 
not be altered; the only change would be in the returns. 

More wine and less tobacco would be imported. More 
labourers, therefore, than before would be employed in 
obtaining witte for landlords and capitalists, and fewer 
in obtaining tobacco for labourers. 

Nor must it be forgotten that a part ot the taxes 
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Political received'by the government of one Country is often paid 

Bcoaony. by the inhabitants of another. We now purchase an* 
Diitiibur nual 'y * n China about thiity millions of pounds of tea, at 
t ig n> about 1». a pound. On the tea so purchased we impose 
Wages sad in different ways taxes to the amount of about two hun* 
Profit*. dred per cent. Were we to repeal that taxation, and 
the price in China were to remain unaltered, our con* 
sumption would probably quadruple; but it is highly 
improbable that we could purchase one hundred and 
twenty millions of pounds of tea at Is. a pound. The 
prioe in China might possibly double; it probably would 
rise one-half. That rise would have a tendency to raise 
the rent of land and tho wages of lubour in the tea¬ 
growing districts of China. It must he admitted, there* 
lore, that they are both kept down by the existence 
of the tax; and that a portion of our duty on tea is, in 
fact, paid liy the inhabitants of the tea-growing districts 
of China. The same reasoning proves that a part of 
the English duty on claret is paid by France, and that 
a part of the duties imposed by foreign nations on some 
of the commodities which we export, is paid by Eng¬ 
land. As a portion of the taxes raised by every State 
is, in fact, paid by the inhabitants of those Countries 
with which it has commercial relations, and as war and 
misgovernment are the great causes of laxatiou, an 
additional proof is afforded of the degree in which each 
Country is interested in tfie freedom and tranquillity of 
its neighbours. 

We have lastly to consider the influence of profits on 
wages; or, in other words, the extent to which wages 
may be affected by the employment of labour to produce, 
instead of wages, things for the use of capitalists. In 
civilised and well-governed communities, this is the prin¬ 
cipal purpose to which labour, that otherwise might be 
employed for the benefit of the labourers, is diverted. 
The labourers who are employed for the benefit of the 
owners of natural agents may, as we have seen, be in 
general considered as a separate class, not withdrawn 
from the general body, but added to it by the existence 
of those natural agents. Those who are necessarily em¬ 
ployed in effecting the legitimate purposes of govern¬ 
ment are, in fact, employed for the benefit of the labour¬ 
ing population, and the taxation which supplies their 
maintenance is not necessarily a deduction from wages, 
but a mode of expenditure. That few governments have 
confined themselves to their legitimate office, or em¬ 
ployed in effecting that office only the necessary amount 
of labour, is a melancholy truth; and it is true that the 
fund for the maintenance of labour may he, and in most 
Countries has been, and is, more diminished in its amount, 
and more retarded in its increase, by misgovernment 
than by all other causes put together. But both mis- 
governnient and that interference of the ruling power 
between the different classes of its subjects which we 
have already described as affecting the proportions of 
rent, profit, and wages to one another, are rather disturb¬ 
ing eauses than necessary elements in the calculations of 
Political Economy; and with these allusions to their in¬ 
fluence we shall dismiss them. 

Influence Rent then being considered as something extrinsic, 

of profit on anf ] taxation a mode of expenditure, the only remaining 
deduction from wages is profit. And the productive¬ 
ness of labour being given, the extent of the fund for 
the maintenance of labour will depend on the pro¬ 
portion which the number of labourers employed in 
producing tilings for the use of capitalists bears to that 


of those employed in producing things for the use of 
labourers; or, to use a more common expression, on the BrawT* 
proportions in which the produce of labour is shared uitfrib*. 
between the capitalist and the labourer. tion. 

In a previous portion of this Treatise we defined the YVogesaad 
word '‘'abstinence” to mean the conduct of him wlioab- profits, 
stains from the unproductive consumption of any commo¬ 
dity, or w ho employs labour to produce distant results. In 
fact, theact of deterring enjoyment. And we explained that 
labour cannot be efficient unless assisted by, what is the re¬ 
sult of abstinence, capital; nor abstinence in itself efficient 
unless assisted by labour; that each is disagreeable, and 
must therefore lie culled into exertion by the prospect of 
its specific remuneration; abstinence by the hope of 
profit, and labour by the hope of wages: and we stated, 
that although in fact the same individual often under¬ 
goes both abstinence and labour, yet that we thought 
it more convenient to consider the capitalist and the 
labourer aa different persons. In the absence of rent, 
and of unnecessary or unequally distributed taxation, it 
is between these two classes that all that is produced 
is divided; and the question now to be considered is, 
what decides the proportion of the share* ? 

The facts which ducide in what proportions the capi¬ 
talist and labourer share the common fund appear to be 
two: first, the general rate of profit in the Country on the 
advance of capital tor a given period ; and, secondly, the 
period which in each particular cose has elapsed between 
the advance of the capital and the receipt of the profit. 

First, as to the geuerai rate of profit. We have seen nenml 
tiiat profit is the remuneration of abstinence, and that rate of pro- 
abstinence is the deterring of enjoyment. The coinmo- 
dity which owes its existence or its preservation to ab¬ 
stinence is capital, its owner is termed a capitalist, and 
he is said to advance the means by which it is created or 
preserved. These means are partly materials and im¬ 
plements, (including, under the last term, not merely 
the ordinary tools of mamiul labour, but machinery, 
ships, and even roads, wharfs, and canals,) and partly 
labour. The materials and implements arc supplied by 
the capitalist directly, the labour is supplied by hitn 
indirectly, by advancing the wages of the labourers. 

The labourers, aided by their implements, convert the 
materials into a new and vendible commodity, which is 
termed the return of the capitalist. And the capitalist's 
profit depends on (lie difference between the value of 
the advance and the value of the return. In producing 
the return, the wages and materials are necessarily con¬ 
sumed ; they‘are parted with by the capitalist, and there¬ 
fore termed circulating capital. The implements are 
nut uecessarily consumed; so far as they are tmeon- 
sumed they remain the property of the s capitalist, and 
are therefore termed fixed capital. The value of that 
portion of them which remains unconsumed must be 
added to that of the other returns before the profit can 
be estimated. The capital of abuilder is almost entirely 
circulating. It consists principally of the bricks, lime, 
timber, ston«h and slate which are the materials with 
which the house is to be constructed, and of the money 
necessary to pay the wages of the workmen. His fixed 
capital (exclusively of his knowledge) consists merely of 
scaffolding and ladders. All these lie advances, and the 
result, alter a certain interval, is a house, together with 
the former ladders and scaffolding somewhat the worse 
lor wear. The cotton-spinner’s advances consist of raw 
cotton and wages, which are his circulating capital, and 
buildings and machinery, which are his fixed capital. 
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His returns nre a certain quantity of manufactured cotton, 
and the old buildings and machinery. So a ship-owner’s 
advances consist of his ship, which is his fixed capital, and 
of its stores, and the wages of his sailors, which are his 
circulating capital; his returns are his freight, or, in 
other words, the hire which he receives for the use of 
his ship, the ship itself, such as it may be, after the voy¬ 
age, and the stores, if any of them remniu unconsumed. 
The profit in every case consists, as we have already 
Stated, of the dillerence between the value of the ad¬ 


vances and the value of the returns. 

Jlnw to bo B u t in what is this value to be estimated 1 Of course 
e»nuiuUui j n some thjnjr as unsusceptible as possible of variations 
in its general value. If the value of the advances and 
returns of the capitalist were estimated in corn or in 
hops, an abundant season might so reduce the value of 
either as to make him appear a gainer when in fact a 
loser. His returns might be worth twenty per cent, 
more of corn or hops than his advances, and yet be in¬ 
ferior in general value. The commodity least susceptible 
of variation in its general value, during short periods, is 
money; and partly from this circumstance, and partly 
from its general use as a measure of value, it is the 
medium in which calculations of profit are usually 
expressed. But, if considerable periods are to be taken, 
even money is subject to great variations, and any sudden 
change in the facility of obtaining it, arising from an in¬ 
creased fertility of the mines, or an increased productive¬ 
ness of labour, or an abuse of banking or paper cur¬ 
rency, or from similar causes operating in an opposite 
direction, may materially raise or depress the general 
value of money in any one Country, even during short 
periods. 

The best standard of value for philosophical purposes 
appears to be the command of labour. In the first 
place, labour, next to money, is the principal subject of 
exchange. And, in the second place, labour, as the 
principal instrument of production, as the only instru¬ 
ment that can be employed at will in the creation of 
whatever is most wanted, varies less in its general value 
than any other article of exchange. Money, and the 
necessaries of life which approach nearest to it, derive in 
part their steadiness of value from their constant power of 
commanding labour, a power belonging to no other 
commodity. Estimated indeed in one class of objects, 
and it is the class most coveted by man, we mean power 
and pre-eminence, the value of the command of labour 
is almost invariable. Two persons who, at different times 
or in different places, can each command the labour of one 
thousand average labourers, may indeed enjoy in very dif¬ 
ferent degrees the comforts and conveniences of lifts; but 
in power and pre-eminence in their respective Countries 
they must be nearly on a par. Each must be one 
man in a thousand. Each must be tv thousand times 


richer thun the mass of his countrymen. If two shil¬ 
lings in Hindostan will command as many labourers as 
twenty in England, a Hindoo with .£3000 a year is, 
generally speaking, as great a man in Hiadostan as an 
Englishman with i'30,000 a year in England. 

Philosophically, therefore, we think that the value of 
the capitalist’s advances end returns ought to be esti¬ 
mated in their command of labour; popularly, their 
value is estimated in money; and, as the reciprocal 
values of money and labour seldom vary much between 
the times of those advances and returns, the popular 
mode of estimation is seldom incorrect; and we shall 
therefore use both indifferently. 


The great difficulty of the subject arises from the cir- MUtati 
cumstance, that the rate of profit is not the subject of SgnM f< 
contract, but of experiment, and cannot be ascertained 
even by an individual, except as to his pan operation?. 

While a transaction is going on, the capitalist may hope vVa«» tad 
that the value of the returns will exceed the value of the profit*, 
advances; he may hope that the excess will be conxi- re. 
derable; but he cannot be certain that there will be any 
excess at all; that there will not be a positive loss; He profit 
may say what his profit has been, but not what it u. 
Frequently, indeed, lie cannot say what it lias been. A 
whole series of mercantile or manufacturing transactions 


may be so linked together that, after having been appa¬ 
rently profitable for years, they may terminate in ruin. 
If, however, we could ascertain the value of the re¬ 


turns in all the transactions in this Country which were 
concluded in the year ending yesterday ; and also could 
ascertain what was the value of the advances, and the 
average time for which those advances were made before 
the returns were received, we should know what was the 
average rate of profit in this Country during the last 
year. Suppose this point ascertained, and the result to 
be, that the average rate of profit on an advance of ca¬ 
pital fora year was in this Country during the last year 
ten per cent., the question recurs, what were the causes 
which determined it to be ten per cent, rather than five 
per cent, or twenty per cent. ? 

It appears to us that it must have depended princi¬ 
pally on the previous conduct of the capitalists and of the 
labourers of this Country; on the value of the capital 
which at some previous period was appropriated by the 
capitalists to produce commodities for the use of labourers, 
or, to use a more concise expression, to produce wages; 
and the number of labourers whom the previous con¬ 
duct of the labouring population had caused to exist. 

It will be admitted that, in the absence of disturb¬ 
ing causes, the rate of profit in all employments of 
capital is equal. If we can ascertain, therefore, what are 
the causes which regulate the rate of profit in any one of 
the main employments of capital, we may inter thut, in the 
absence of peculiar disturbance, either the same causes, 
or, causes of equal force, occasion it to be the same in 
all others We will inquire, therefore, into the causes Causes re- 
which regulate the rate of profit in one of the main em- guliitingtha 
ployments of capital,—the advance of wages to the r , at<! of l lt0 * 
labourers who are themselves employed in producing 1 ’ 
wages, vsing the ward washes to signify commodities far 
the use of the labouring population. 

To simplify the question, we will suppose a small 
colony settled in a district where there is abundance of 
fertile land, and protected by situation and character 
from external and internal violence, so that neither rent 


nor taxation need be supposed to exist: we will sup¬ 
pose it to be inhabited by ten capitalists and one thou¬ 
sand two hundred labouring families; that the use 
of money is unknown; that all the buildirigs, the 
clothes, the furniture, and the food, in fact, the whole 
consumption of the people, is consumed in one year 
and reproduced in the next; that each family receives 
its wages for the year on the first day of the year, and 
completes its production on the last day, so that all the 
advances are nade on the first day of the year, ami all 
the returns received on the last duv; and that, at the 
time when the situation of the colony was tir>t noticed, 
each capitalist had in his possession wages tor one hun¬ 
dred and twenty families during a year, the produce ot 
the labour of one hundred families during the previous 
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Politic*! year, (being his capital, and vrhich, to reduce it to one 
Economy, denomination, we will call one thousand'quarters of 
Distribu- corn an< * commo< hties for his own use, which we will 
tion. call twenty casks of wine, the produce of the labour of 
Wages sad twenty families during the previous year; (being the 
profits. stock reserved for his own consumption.) 
cuuSn 1 *" Under such circumstances, if each capitalist should 
the^&tif of em pl°y his capital in setting one hundred families to 
profit work to reproduce wages, and twenty more to reproduce 
commodities for his own use, ami the labouring popula¬ 
tion should neither increase nor diminish, the rate of 
profit would remain stationary at twenty per cent, per 
annum. The advances every year would be one thou¬ 
sand quarters of corn, being wages produced by the 
labour of one hundred families, and commanding the 
labour of one hundred and twenty; the returns would 
be a stock of wages commanding the labour of one hun¬ 
dred and twenty families during- the next year, which 
would be. in fuel, a reproduction of the previous capital 
of one thousand quarters, and also a stock of commo¬ 
dities for the capitalist’s own use, produced by one-sixth 
of the labour employed in reproducing the capital, and 
therefore one-sixth of the value of the capital. The 
value of the returns on an advance of capital for a year 
would exceed the value of the advances by one-sixth. 
The rate of profit therefore would, as we said before, re¬ 
main stationary at twenty per cent, per annum. And 
five-sixths of the labourers would be employed in pro¬ 
ducing commodities for their own use, and one-sixth in 
producing commodities for the use of the capitalists. 

We will now consider the effects of any alteration in 
the proportion of capital to labour. Suppose that emi¬ 
gration or an unhealthy season should diminish by fifty 
the number of labouring families: each capitalist would 
have the same capital; consisting of wages produced by 
the labour of one hundred families during the year, and 
which we have called one thousand quarters of corn : but 
the number of labourers being diminished by onc-twenty- 
fourth, instead of commanding the labour of one hun¬ 
dred and twenty families, they would command the 
labourof only one hundred and fifteen. The one thousand 
quarters of corn would be divided among one hundred and 
fifteen families instead of among one hundred and 
twenty, and the capitalist would get only fifteen casks of 
wine during the subsequent year instead of twenty. To 
take the converse: if immigration or an increase of 
population should have increased the number of labourers 
by fifty, each capitalist, instead of one hundred and twenty 
families, would be able to command the labour of one 
hundred and twenty-five. The one thousand quarters 
would he divided among one hundred and twenty-five 
families, instead of among one hundred and twenty, and 
the capitalist might employ twenty-five families to pro¬ 
duce wine for himself instead of twenty. In the one case, 
profits rise from twenty to about twenty-five per cent.; 
in the other, they fall to about fifteen. On the other 
hand, if we suppose the labouring population to remain 
stationary at one thousand two hundred families, hut 
the capitalists, instead of employing each one hundred 
families in the production of wages, and twenty in the 
production of profits, to employ each one hundred and five 
in the production of wages, each capitalist would at the 
end of the year have a capital of one thousand and fifty 
quarters produced by the labour of one hundred and five 
families, and commanding the labour of one hundred 
and twenty; or if they each employed in the production 
of wages only ninety-five lamilies, and in the production 


of profits twenty-five, each would have at the end of the Political 
year a capital of nine hundred and fifty quarters, pro- Economy. 
duced by the labour of ninety-five families, and com- 
mantling the labour of one hundred and twenty. Profits 
would fall in the first instance from twenty per cent, to Wages and 
less than fifteen; in the second, they would rise to more profits, 
than twenty-five. If, however, the increase of the num- Causes ru¬ 
ber of labourers employed in the production of wages 
should be accompanied by n proportionate increase in pro gt. 
the whole number of labourers; or if, when the number * 
of labourers employed in the production of wages was 
diminished, the whole number of labourers should be 
diminished in proportion; or, in other words, if the 
proportion of capital to labour remained unaltered, the 
rate of profit would be also unaltered. If each were in¬ 
creased, or each diminished, but in different proportions, 
profits would rise or fall according to the relaiive vari¬ 
ations in the supply of wages and labour. 

It appears, therefore, that, under the most simple 
state of circumstances, the rate of profits depends, as 
we said before, on the previous conduct of the capi¬ 
talists and the labourers iu a Country. 

In this hypothesis we have supposed *11 the capitalists 
to act together. Anil as every permanent increase of 
capital while the number of labourers remained the 
sume would, under the supposed circumstances, occasion 
a proportionate diminution of the rate of profit, it never 
could be the interest of the capitalists, as a body, to 
increase their capital, except with a view to increase 
the number of labourers; or even to keep up their 
capital, except so far as it should be necessary to keep 
up the existing number of labourers. It would be their 
interest, if the population were incapable of increase, to 
devote to the production of wages labour just sufficient 
to produce the necessaries of life for that stationary po¬ 
pulation, if the population were advancing just sufficient 
to enable it to advance; to treat the labourers, in short, 
as a former treats his horses, or a slave-owner his slaves. 

Under such circumstances, supposing the capitalists to 
be governed solely by their interest, the rate of 
profit would depend partly on the productiveness of 
labour, and partly on the period that must elapse 
between the time of the advances and of the re¬ 
turns. Given the period of advance, it would depend 
on the productiveness of labour. If a labourer by 
a year’s labour could produce a return which, to re¬ 
duce it to one denomination, we will call ten quarters of 
corn, and five quarters were enough for his support, the 
rate of profit would be one hundred per cent, per annum. 

By an advance of five quarters the capitalist would obtain 
a return of ten. If the labourer could produce fifteen, 
the rote of profit would be two hundred per cent.; by 
an advance of five the capitalist would' obtain fifteen. 

If the labourer could produce only seven and a half; 
profits would be fifty per cent. On the other hand, the 
productiveness of labour being given, the rate of profit 
would depend on the period lor which the capital must 
be advanced.. When the labourer receiving five quar¬ 
ters as wages could, by a year’s labour, produce ten, a 
capitalist with a capital consisting of ten quarters could 
employ two labourers, each of whom would return to 
him ten quarters every year. But if, instead of returning 
ten quarters at the end of one year, a labourer returned 
twenty quarters at the end of two years, o-^apitalist with 
a capital of ten quarters would be able to employ only 
one labourer instead of two; for if he were to employ 
two his capital would be exhausted before it was repro- 
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duced. Only one-half of the number of labourer* could 
be employed by the same amount of capital, ami instead 
of getting- a net revenue of ten quarters every year, the 
tapitali-t would get a net revenue of only ten quarters 
every two years. 

Happily, however, the capitalists of a Country do 
not act us a hotly. Each pursues his own scheme 
of aggrandizement, indifferent to its effect on his 
neighbours, ami it is chiefly to their mutual competi¬ 
tion that we owe the increase both of capital and of po¬ 
pulation. To revert to our original hypothesis; suppose 
one of the capitalists, instead of employing, like each of 
the others, twenty labourers to produce commodities for 
his own use and one hundred to produce wages, to em¬ 
ploy one hundred anil ten labourers in the production 
of wages. At the end of the year he would have a 
capital consisting of one thousand one hundred quarters 
of corn produced by the labour of one hundred mid ten 
families, and commanding, at the existing rate of u'agrs. 
Die labour of one hundred and thirty-two families; and 
Die nine others would have each a capital cons sling of 
one thousand quarters, produced by the labour of one 
hundred fuinili<gi, and commanding, at the existing rate 
of wages, one hundred aud twenty families. The whole 
capital of the Country, instead of its farmer amount, 
namely, tea thousand quarters, being wages for one 
thousand two hundred families, would amount to ten 
thousand one hundred quarters, being wages for one 
thousand two hundred aud twelve families. But as 
there would he only one thousand two hundred fami¬ 
lies to receive them, profits would fall about one per 
cent., or from twenty per cent, to a fraction less than 
nineteen per cent, per annum. This fall of profits would 
prevent the capitalist to whose conduct it was owing 
from reaping the full benefit of bis accumulation. He 
would find himself possessed of a capital consisting of 
one thousand one hundred quarters, being wages pro¬ 
duced by the labour of one hundred and ten families, 
and commanding the labour of one hundred and thirty 
and a fraction ; but every other capitalist would find bis 
capital of one thousand quarters, produced by Die labour 
of one hundred families, commanding the labour of a 
email fraction less than one hundred and nineteen fami¬ 
lies. The first, or accumulating capitalist, would find 
the value of his capital and the amount of his profits 
increased, though the rate of profits had fallen one per 
cent. But all the other capitalists would find both the 
value of their capital and the amount of their profits 
diminished. 

Now there is nothing to which a capitalist submits 
so reluctantly as the diminution of the value of bis 
capital, lie is dissatisfied if it even remain stationary. 
Capitals are generally formed from small beginnings by 
acts of accumulation, which become in time habitual. The 
capitalist soon regards the increase of his capital as the 
great business of his life; and considers the greater part 
of his profit more as a means to that end than as a 
subject of enjoyment. It is probable, therefore, that the 
other capitalists in the Country would endeavour to 
keep the value of their capitals unimpaired, though at 
the expense of a diminution of the general rate of profit. 
One afier another would follow the example of the first- 
mentioned capitalist, and devote to the increase of their 
respective capitals a portion of the labour previously em¬ 
ployed in furnishing commodities for their own use. In 
time each capitalist, instead of employing one hundred 
families in Die reproduction of capital, and twenty in sup¬ 


plying his own enjoyments, would employ one hundred Political 
and ten in the reproduction of capital, and only ten for Economy, 
bis own purposes. The rate of profit would fall from 
twenty to ten per cent., and, of the one thousand two Dintribu- 
htindred labouring families, one thousand one hundred ej ^ 
would he employed in producing wages, and only one ^ 

hundred in producing profits. The annual produce of Causes re- 
Ihe Country, instead of ten thousand quarters of corn mdating 
and two hundred casks of wine, would consist of ten 
thousand one hundred quarters of corn and one hundred 10 
casks of wine. Instead of five-sixths of the labourers in 
the Country being employed in producing commodities 
for the use of the labourers, and one-sixth for the use of 
capitalists, eleven-twelfths would be employed for the 
benefit of the labourers, and only one-twelfth lor the be¬ 
nefit of the capitalists. 

This fall of profit, however, could take place only on 
the supposition of the number of labouring families re¬ 
maining unaltered. But it is highly improbable that it 
could remain uuincrensed. The increase of wages would 
enable the labourers to marry earlier, or to raise more 
numerous families. If .labour should remain equally 
porduetive, their numliers might increase until the former 
proportion of labourers to capital had beeti restored. All 
the results would be beneficial. The labourers would 
not be worse olf than before the additional accumulation 
took place, ami the capitalists would be better off. The 
value of their capitals and the amount of their profits 
would he increased, and the rate of profit would be again 
twenty per cent, per annum. 

We set out with supposing a Country possessing an 
abundance of fertile land. I'uder such circumstances 
the productiveness of labour might for a long period 
continue, or even increase, with every addition to the 
number of its inhabitants. But in a densely-peopled 
Country the \xjwers of labour seldom remain the same 
during an increase ot population. In manutaclures 
labour becomes proportionably more productive. In 
agriculture, unless aided by increased industry or 
skill, or by permanent improvements of the soil, 
it becomes proportionably less so. And, as the labourer 
consumes chiefly raw or slightly-manufactured pro¬ 
duce, the increased facility of obtaining manufac¬ 
tures may not make up for an increased difficulty in 
obtaining raw produce. In an old Country, therefore, 
when the rate of profit has been reduced by an increase 
of capital, it seldom can be fi.llv restored by a propor¬ 
tionate increase of population, unless either the labourer 
receives a smaller quantity of raw produce than he lore, 
or the necessity of cultivating lands ot inferior produc¬ 
tiveness is obviated either by permanent improvements, 
such as draining marshes or fertilizing bogs, or by addi¬ 
tional industry or skill, or by the importation of raw 
produce. In such Countries the natural progress seems 
to lie an increase of capital, occasioning a lull of the rate 
of profit; a check to that fall, occasioned by an increase 
of the labouring population; a check to that increase, 
occasioned by an increased difficulty in obtaining raw 
produce; and a diminution, rarely amounting to a re¬ 
moval, of that difficulty, occasioned by permanent agri¬ 
cultural improvements, increased industry or skill, or 
foreign impor'ation; leaving, as the general result, a 
constant tendency towards an increase ol capita 311 
population, and towards a fall in the rate of profits. ^ 

In our hypothesis we have supposed the whole capital 
of the Couiitry to be consumed and reproduced every 
2 f 
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l'oliiio'il >tar. Under such circumstances it has appeared that, 
Aunoni} ■ t| le numberot labourers remaiuingthe same,no permanent 
D.stribu. “ddition could be made to capital without occasioning im- 
tion. mediately a proportionate diminution of the lute of profit. 

Wages aud since that addition would disappear in a year unless 
proKt. reproduced by a repetition of the sacrifice on the part of 
the capitalist by whom it was originally created. Hut 
thC result would Ire different if that addition were made 
in a form requiring no further labour tor its reproduc¬ 
tion. Suppose the capitalist, instead of adding five to 
the huudred families employed in producing wages, 
were to employ the additional five iu tiie construction of 
a durable machine enabling one man to do some piece 
of work that previously required two. At the end of 
the first year each capitali-t would possess wages for 
one hundred and twenty families, produced by the labour 
of one hundred families; commodities for his own use, 
produced by tile labour of fifteen linnilies; and his nut- 
chine. produced by the labour of five families. Hut iu 
every subsequent year lie might obtain wages for one 
hundred ami twenty families by employing only uiuc-ty- 
nine lannlies and bis machine, ami might employ twenty- 
one tiiniilies in producing commodities for himself. Both 
the rate and tile amount of profit would be increased 
without any diminution of wages. Such a machine 
is a new labourer added to the existing number of 
labourers, but a new labourer whom it costs nothing 
to maintain. It adds to the amount of the profit of 
the capitalist who has constructed it, without either 
taking from the profits of other capitalists, as must he 
the case when additional capital is created, which 
must be kept up and worked by additional labour; or 
taking I rum the wages of the other labourers, as must 
be the case when tut additional labourer is added, whose 
sub-i'-tenee uui-t be taken It out the common fund. A 
machine or implement is, iu fact, merely a means by 
which the productiveness of labour is increased. The 
millions which have been expended iu this Country iu 
making roads, bridges, and ports, have bad no tendency 
to reduce either the rate of profit nr the amount of 
wages. They have, iu fact, had a tendency to keep up 
both, by enabling labour to he more productive, and con¬ 
sequently enabling the circulating capital and the popu¬ 
lation ot the Country to increase iu cor re-ponding ratios. 

It appears, therefore, that in one of the main employ¬ 
ments of capital, namely, tiie employment of labourers 
to produce commodities for the use of labourers, or, in 
other words, to produce wages, the difference Itetween 
tile value of the returns and the value of the advances 
depends on the amount of labour which at a previous 
period was devoted to the production of wages, com* 
pared with the amount of labour which those wages 
when produced can command. Ami as the rate of pro¬ 
fits in every different employment of capital has a tend¬ 
ency to equality, we may infer that all capitals, how¬ 
ever employed, yield about the same rate of profit 
as those which are employed in the production of wages. 

Average The first ofthe two principles which regulate the division 

pencil of of the produce between the capitalist and the labourer, 
advance uf na mely, the rate of profit in the advance of capital for a 
cai ’ ll ‘ ll ‘ given "lime, having been, in some measure, ascertained, 
wc proceed to inquire into the causes which regulate 
the second principle, namely, tile average time for which 
t' c capital must be advanced. 

it must he recollected, however, that the expression 
“ me capitalist’s share," though familiarly used by Eco¬ 


nomists, is not strictly correct. When the product is 1’olitical 
completed, it is the sole properly of the capitalist, who Eca ° | >“ | y. 
has purchased it by paying in advance the labourer's 
wages. What is meant, therefore, by “ the capitalist's Il(lll _ 
share," is that portion of the product, or of the price lor Wages and 
which it sells, which the capitalist can retain attd apply I'y’tit. 
for his own purposes, keeping the value of his capital 
unimpaired. Wjiut is meant by “ the labourer's share" 
is that portion of the produce, or ofthe price lor which 
it sells, which the capitalist, il he keep his capital unim¬ 
paired, cannot employ for his own purposes, but must 
employ in advancing the price of the labour by which 
the work of reproduction is to lie performed. We have 
already shown tliut, the period of advaiice being given, 
these proportions arc determined by the rate ofpiofit. 

It is equally clear that, the rale of profit being given, 
they must lie determined by the period of udvauce. If 
a capitalist has a return which we will call twelve quar¬ 
ters of corn, and we wish to know how much of it he 
must return us capital, and how much he may use as 
profit, the first inquiry is, for what period must he ad¬ 
vance his capital before he can again obtain a similar 
return? The next inquiry is, what is«the current rate 
of profit? If the answer to the first inquiry be, one 
year, ami to the second, twenty per cent, per annum, it 
follows that, by constantly employing ten quarters us 
wages, he will receive two as profit. If the period of 
advance he only six mouths the rate of profit continuing 
at twenty per cent, per annum, he must employ eleven 
and a traction as capital, and will not icceivc quite one 
as pioiil. If the period of advance be two years, the 
rate of profit continuing at twenty per cent, pet an:nun, 
rather less than eight qua iters will foitn a sufficient 
capital, aud rather mine than lour will be profit. With 
every prolongation ofthe period of advance, the rate of 
profit continuing the same, the capitalist's share must 
increase. W iih every abridgement of tiiat period it must 
diminish. And it is equally obvious that, the peiiod of 
advance being given, the capitalist's share must aug¬ 
ment with every increase of the rate of profit, aud 
diminish as that rate decreases. 

On what then does the peiiod for which capital is to 
lie advanced depend? To this question no general 
answer can be given. The peiiod differs according' to 
flic accidents of soil und climate ; it varies indefinitely 
in every different business, and even in employments 
which, iu other respects, are peifectly similar. 

In Europe the harvest is atiuual; in Hindustan it 
recurs every six mouths. Tuc average period for 
which agricultural wages are advanced must be at 
least twice as long iu Europe as tit Hindustan. A 
great part of the capital employed iu breeding horses 
must be advanced four or five years ; that employed in 
planting must be advanced flirty or fifty. A very small 
part oi the capital of a butcher or a baker is advanced 
for more than a week. The stock of u fishmonger spoils 
in u day; that of a lthenish wine-merchant is impioved 
by being kepj. a century. As a general rule, the aveiage 
period is longer or shorter in one Country than in an¬ 
other in an inverse proportion to the general rate of profit. 

In the generul market of the world, a Country in which 
the rate of profit is low has over one where it is high uu 
advantage which increases at compound interest, as the 
period of advance is prolonged. The rale of profit hi 
Russia is supposed to be above twice us high us in Eng¬ 
land. We will suppose that rate to be five per cent, 
pee annum in England, aud ten in Russia. A commo- 
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Pulitical dity prod.-.-ed in Russia by an advance of £|0 for 
Ecuiiiimy. twcnt y y ears would sell for nearly £70. A commodity 
' 1 T:', - * ' produced in England by the advance of £20 for the 
game time would sell for less than £t>0. The dilference 
Wage* and in the rale of profit would fur outbalance a doubling of 
profit. the first expenditure. Profits*are supposed to be lower 
Time of od- | |ollan<l anti in England than in any other part of 
capital 0 fbc globe. The English mid the Dutch, therefore, have 
almost a ntonopolv in those trades in which the returns 
are distant. Abstinence with them is a cheap instru¬ 
ment of production, anti they use it to the utmost. In 
their commeice with other nations they generally pay 
in ready money, but give a very long credit. They 
purchase raw produce, and sell manufactures. In many 
instances they even advance to the foreign Countries 
tile first expenses of production. The indigo of Bengal, 
the wines of the Cape, the wool of Australia, and the 
silver of Mexico, are in a great measure produced by the 
advance of English capital. The acrmmiluied interest 
on such advances would be tin intolerable addition to 
the value of the relun s if the rale of profit were high. 
This circumstance occasions a tendency to unilormitv in 
the proportion, $n different Countries, in which the pro¬ 
duce is shared between the capitalist and the labourer. 
Where profits are high the capitalist's share is kept 
down by the shortness of the period for which llis capital 
i-i advanced. Where they are low it is kept up by the 
prolongation of that peiiod. 

The labourer is far more interested in the comparative 
rale of piofit than in the comparative period for which 
capital is advanced. The productiveness of labour and 
the period of advance being given, we have seen that 
the amount of Ins share of the product depends on the 
late ol profit. It is his interest, therefore, in the first 
place, that when capital is employed in the production 
of the commodities which he consinms, all oilier lliings 
remaining the same, the rate of piofit should be low. 
And if it were possible that the rale of profit in other 
employments could be higher, capital would he diverted 
from the only production in which the labourer is 
diiecily interested - the production of commodities lor 
his own use—and the general fund tor the maintenance 
of labour would be diminished. All other things, 
thcrclore, remaining the same, it is the labonrei’s in¬ 
terest that the rule of profit should be universally low. 
But it must be recollected, first, that the average peiiod 
for which capital is advanced, especially in the produc¬ 
tion of the commodities used by labourers, is so short 
that the capitalist's share is small even when profits are 
high : if the advance lias been for six mouths, the capi¬ 
talist's share, at the high rate of twenty per cent, per 
annum, would he less than one-eleventh: and, secondly, 
that a high rate of profit is generally tumid to accom¬ 
pany a great productivenes of labour. And thetefore 
that, in generid, the labourer is better paid, or, in oilier 
words, receives a larger amount of commodities, when 
profits are high, that is when he nceives a smull share, 
than when profits are low, that is wheu )\£ receives a 
large share, of the value of what he produces. The 
ini rettse of the labourer's share trom teu-eleveuths to 
tweiity-one-twenty-seconds, whieh would be the conse¬ 
quence in the cuse which we have supposed of a fall of 
profits by one-hulf, would add very little to the amount 
of hut wages. 

On the other hand it is his interest that, when capital 
is employed in the production of what he himself con¬ 
sumes, the iiertnd of advuttce should be short. We will 
suppose a labourer employed on the least productive soil 


to produce by a year's labour employed in hoeing and p-im-.i 
weeding mi additional produce of twentv-two quarters of Kconomy. 
corn; the wages of labour to be £'20 a war; the rate ' — v -,- > 
of profit to he ten per cent, per minimi,' and u vear to Dwtribw 
elapse between the advance o! the wages and the com 
bring*fit for use ; the price of the corn would lie £22 • 
the labourer would receive twenty quarter-, or, what is 
the same, £20, with which he (ould pmelnise twenty 
quarters. But if corn were not fit for u-e until it had 
been kept for ten years, on the same data, the corn, 
instead of selling lor £22, would sell ler above C.V); the 
labourer would receive less than t< n quarters instead 
of twenty, or, what come- to the same, his wages, instead 
of twenty, would purchase less than ten quaitcis. To pro¬ 
duce the corn would requite the same degree of labour as 
before, Imt ten times as much abstinence 

Another consequence of the piolongatioii of the 
pound of advance would be, that with the same 
amount of capital the capitali-t would be able to main¬ 
tain much fewer labourers than before. If ten quarters 
were necessary to maintain a labouring family during a 
year, ami iliev could reproduce eleven in a stale fit for 
consumption at the ind of the year, a capital of one 
hundred quartets would enable a capitalist to keep in 
constant employ ten labouring families during the first 
year, mid eleven dining every subsequent year. But, if 
the corn vveie not fit for consumption till the end often 
years, a capitalist starting with a capital of one bundled 
quartets could not maintain more than a single family. 

For, it lie were to inaiutn n more, the capital would he 
exhausted before it was reptoditecd. The prolongation 
of the period of advance would have preencly the same 
effect as a diminished productiveness of labour. 

But the prolongation of tiie period of advance of the 
capital employed in the production of the commodities 
which the labourer docs not consume is utterly indif¬ 
ferent to him. If a labourer by a year’s labour can 
produce twentv-two ounces of lace, his wages being 
£20 n year, and advanced lor a year, and the rate o 
profit being ten per cent., he will receive ten elevenths 
of the value of the lace, or, in other words-, he might 
purchase with Ins wages twenty ounces of lace. If the 
lace required keeping fur ten years, his wages would 
purchase less than ten minces ol the lace in its complete 
state. But as he never wishes to purchase luce, and as 
the prolongation of the pencil for which capital mu-t lie 
advanced in the production of lace would not affect 
cither the productiveness ot labour, or the rale of profit, 
or the peiiod of advance in any other employment, it 
would be utterly indifferent to him ; it would affect only 
the consumers of lace. 

We have seen that, although practically high wages 
and high profits geneiallv go together, yet, all other 
things remaining the same, it is the interwt of the la¬ 
bourers that profits should be universally low. It is 
equally clear that it is the interest of the cnpMah'sfs 
thut they should be universally high. A fall in the rate 
of profit in any one employment has a tendency to foice 
capital into the others. This diminishes the compe¬ 
tition among the first-mentioned capitalists, but in¬ 
creases it among the others. The first are relieved, hut 
it is only by the loss being spread over the win do body. 

But a prolongation ot the peiiod id advance affects 
the capitalist only so far as lie list's the specific com¬ 
modity with respect to which that prolongation ha# 
taken p'ace. The rate of profit on the advance of 
capital for a given peiiod being given, the length of 
2 v 2 
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the period between the bottling of n pipe of port and its 
being fit for use affects a wine merchant only so far as 
he drinks port, Asa consumer, it is bis interest that the 
period) should be short; as a capitalist it is immaterial 
to him. 

We have now given an outline of the causes which 
affect the general rate of wages, the most important and 
the most difficult of all the subjects embraced by Political 
Economy. It has appeared, first, that the general rate 
of wages depends on the amount of the fund for the 
maintenance of labourers, compared with the number of 
labourers to be maintained. 

^ Secondly, that the amount of that fund depends partly 
on the productiveness of labour iu the production of the 
commodities used by the labourer, or, to speak more 
concisely, in the production of wages, and partly on the 
number ol labourers employed in the production of wages 
compared with the whole number of labourers. 

Thirdly, that the productiveness of labour depends on 
the character of the labourer, or the assistance he derives 
from natural agents, and from capital, nnd on his freedom 
from interference. 

Fourthly, that, in the absence of rent and improper 
or unequally-distributed taxation, the proportion of the 
labourers employed in producing wages to the whole 
number of labourers depends partly on the rate of 
profit, and partly on the time for which the capital em¬ 
ployed iri the production of wages must be advanced. 

Fifthly, that the rate of profit, at any given time, 
depends on the previous conduct of capitalists and la¬ 
bourers. 

Anti, sixthly, that the period for which capital must 
be advanced is subject to no general rule, but has a 
tendency to be prolonged when profits are low, and 
shortened'when they are high. 


The inquiry into the causes which regulate wages 
has, in a great measure, ascertained those which affect 
profits. We have to add only that profits may be con 
sidereil in three points of view: first, as to their rate; 
secondly, as to their amount; and. thirdly, as to the 
amount of desirable objects which a given amount of 
profit will command. The causes which decide the rate 
of profit have been already considered. It has been 
shown that they depend on the proportion which the 
supply of capital employed in providing wages bears 
to the supply of labour. The rate being given, the 
amount of the profit received by any given capi¬ 
talist must depend, of Course, on the amount of tiis 
capital. It follows that, when the rate of profit falls in 
consequence of an increase of capital without a propor¬ 
tionate increase of labourers, the situation of the existing 
capitalists, as a laxly, cannot be deteriorated, unless the 
fall in the rate has been so great as to overbalance the 
increase of the amount. Two mdhoiis, at five per cent., 
would give as large an amount of profit as one million 
at ten. At seven uud a half per cent, they would give a 
much lurger. And such is the tendency of an increase 
of capital to produce, not indeed a corresponding, but 
still a positive increase of population, that we believe 
there is no instance on record of the whole amount of 
profits having diminished with an increase of the whole 
amount of capital. 

Totally distinct from the amount of profit is the 
amount of desirable objects which a given amount of 
profit will purchase. A Chinese and on English capi¬ 
talist, each of whose annual profit will command the 


labour of ten families for a year, will enjoy in different Fuliticat" 
degrees the comforts and conveniences of life. The Eco n omy. 
Englishman will have more woollen goods nnd hardware, v — ' 

the Chinese more tea and silk. The difference de- 
pends on the different productiveness of labour in China jneqvtalf- ' 
nnd in Englund in the production of those commodities ti e « of 
which are used by the capitalists in each Country. In wages and 
the command of labour, and in the rank in society which P™*’ 1 ‘ n 
that command gives, they are on a par. We have seen lll “ c,en * 
that, as population advances, labour has a tendency to 
become less efficient in the production of raw produce, 
and more productive in manufactures. The same 
amount of profit, therefore, will enable the capitalist in a 
thinly-peopled Country to enjoy coarse prolusion, or 
among a dense population moderate refinement. A 
South American, with an annual income commanding 
the labour of one hundred families, would live in a log- 
house on the skirls of u forest, nnd keep, perhaps, one 
hundred horses. An Englishman with the same com¬ 
mand of labour would live in a well-furnished villa, and 
keep a chariot anil pair. Each would possess sources 
of enjoyment totally beyond the reach of the other. 

* 

Variations of ih <■ Amount of fVage* and the Rate of 

Profits in different Employments oj Labour and 

Capital. 

In the previous discussion we have assumed the 
existence ol a certain average rate of wages and average 
rate of profits. We now propose to consider the 
influence of some specific causes on the amount of 
wages and the rate of profits in different employments 
of labour and capital. 

The justly-celebrated chapter on this subject in the 
Wealth of Nations begins with the following words: 

“The five following are the piiiieip.il circumstances 
which, so far as I have been able to observe, make tip 
for a small pecuniary gain in some employments, and 
counterbalance a great one in others. 1. The agreeablc- 
ness or tlisagreeableness of the employments themselves. 

2. The easiness and cheapness, or the difficulty and 
expense, of learning them. 3. The constancy or incon¬ 
stancy of employment in them. 4. The small or great 
trust which must be reposed in those who exercise them. 

5. The probability or improbability cf success iu them.” 

Book i. cli. x. 

As our remarks will be chiefly a commentary on 
those of Adam Smith, we shall, as fur as we can, follow 
his arrangement. We shall begin, therefore, by the 
influence of ngreeableness or disagreeableness. 

The act of labouring implies a sacrifice of ease, anti it 
is chiefly to this sacrifice that our attention is directed 
when we speak of wages as the remuneration for labour. 

But, a*, we have already observed, the indolence which 
generally indisposes to severe or long-continued bodily 
exertion is not in all cases the only feeling which the 
labourer has to conquer. His employment may be 
dangerous, os physically disagreeable, or degrading. In 
any one of these cases his wages are the reward not only 
of the fatigue, but of the hazard, the discomfort, or the 
discredit which he has encountered. Adam Smith, j. Agree- 
however, has remarked, that the prospect of hazards ublaueu, 
from which we can hope to extricate ourselves by 
courage and address is not disagreeable, end does not 
raise the wages of labour in any employment. “ The 
dangers anil hair-breadth escapes of a life of adventure, 
instead of disheartening young people, seem frequently 
to recommend a trade to them. But it is otherwise/* 
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Political he observes, "with those in which courage and address 
Economy. can be of no avail. In trades which are known to be 
v— very unwholesome the wages of labour are always 
DUtribu- remarkably high." * 

Inequali- Unwholesomeness, indeed, is generally united to other 
tie* of disagreeable circumstances. Dirt, dust, deleterious attno- 
wage* and sphere, exposure to continued heat or cold, or to sudden 
transitions from the one to the other, which are the prin- 
‘ cipal causes of uuhealthiness in any business, are also the 

meat*. principal causes of its being generally disagreeable. When 

toil, disease, and discomfort, arenll to he encountered, the 
temptation must indeed be high. But this union is not 
universal. The trade of a house-painter is one of the 
most agreeable, and one of the most unwholesome, among 
ordinary occupations. On the other hand, that of a 
butcher, though brutal and disgusting, is eminently 
healthy. The wages of each are, we believe, about 
equal, and considerably exceed the remuneration for the 
mere labour undergone, which, in fact, is in both cases 
very trifling. But the fear of popular odium, and, what 
is ulways strongest amongst the least educated, the fear 
of popular ridicule, as they are amongst the most 
powerful feelings of our nature, are the most effectual 
means by which the wages of an employment can be 
increased. To Adant Smith's instance of a public 
executioner may be added that of a common informer; 
both of whom are remunerated at a rate quite dispro- 
portioned to the quantity of work which they do. They 
are paid not so much for encountering toil us for being 
pelted and hissed. The most degrading of all common 
trades, perhaps, is that of a beggar; but, when pursued 
as n trade, it is believed to be a very gainful one. 

Such appears to be the influence upon wages of 
danger, discomfort, and disgrace. And it may be sup¬ 
posed that any peculiarly ogrceahle employment is 
generally as comparatively underpaid as peculiarly 
disagreeable ones are overpaid. Adam Smith has 
accordingly remarked that in a civilized society hunters 
and fishers, who follow as a trade what other people 
pursue as a pastime, are generally very poor people. 
“ Fishermen,'' he observes, *‘ have been poor from the 
times of Theocritus. The natural taste for these 
employments makes more people follow them thau can 
live comfortably by them; and the produce of their 
labour, in proportion to its quantity, comes always too 
cheap to market to afford any thing but the most scanty 
subsistence to the labourers.’’ Hunting, however, can 
scarcely be said to exist as a trade in any well-civilized 
Country. And we doubt the accuracy of Adam Smith’s 
statement as to fishermen; unless, as perhaps was the 
case, he intended to confine them to the small number 
of anglers and poachers on rivers, who do, in tact, follow 
as a trade what other men enjoy as a pastime. Marine 
fiahery is a business of too much toil and hardship to 
be very attractive; and if any proof, besides the well- 
fed persons and ample clothing of the men and their 
families were required, of its being well paid, it would 
be found in the fact that the capital employed in it, 
which is far from inconsiderable, generally belongs to the 
fishermen themselves. 

Asa general rule, we fear it must be admitted that 
the occupations open to those who are not possessed of 
capilul differ only in the degree in which they are 
disagreeable. The least disagreeable are man's primeval 
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occupations, those of a shepherd and a tiller of the Political 
ground. And, accordingly, we believe that in every Eco “ om J r * 
state of society the lowest wages are those which are 
paid to agricultural labourers. The current wages of t i 0 l * tnb "* 
common agricultural labourers may, therefore, in general luequali- 
be considered as representing the value, at the time and tie* i at 
place where they are paid, of mere bodily labour. 11,ut w,, Ky».“d 
the same time and place, we find the services of any 
other labourer more highly paid, we may infer either ‘employ- 
that his employment is subject to some peculiar dis- meat*, 
advantage, or that, in fact, rent or profit enter into his 
remuneration. 

Adam Smith states that, in point of agrecahleness or 
disagrceableiie-ss, there is little or no difference in the 
greulcr part of the different employments of stock, 
though a great deal in those of laliour; and he infers, 
as we have seen, that average profits are more nearly on 
a level than average wages. That portion of profit 
which is simply the remuneration for abstinence is cer¬ 
tainly, at the same time and place, nearly on a level; for 
abstinence, being a negative idea, does not admit of 
degrees, excepting in the amount of capital from the 
unproductive use of which the capitalist abstains, and 
the length of time during which he abstains. 

But we cannot admit that the agreeableness or dis- 
agrecahleness of the greater part of the different em¬ 
ployments of capital is about the same. Nor would 
Adam Smith have stated them to be so unless he 
had used wages in a wider, and profit in a narrower 
sense than that which has been adopted in 'this Treatise. 

Wages, in the sense in which we have used the word, 
arc paid ulinost exclusively for undergoing bodily 
labour or bodily inconvenience, and bodily labour is 
almost always disagreeable. But the labour of employ¬ 
ing capital is principally mental, and menial exertion is 
often delightful. We Irequently hear of men who are 
devoted to their profession or their business, however 
generally unattractive. A surgeon once told us that, 
whutever were his income, his utmost happiness would 
be to superintend a great military hospital. Half the 
miseries nf mankind have arisen from the delight of 
statesmen in governing, and of generals in war. Again, 
the mere labourer receives meie pecuniary wages, or food, 
shelter, and clothing, of equal value. The capitalist it 
ollen paid by power or reputation, and sometimes re¬ 
ceives the highest of lutmau rewauls, the consciousness 
that he has been widely and permanently useful. And, 
on the other hand, there are employments, as for instance 
the slave-trade, which imply fatigue, hardship, and dang er, 
public execration, and, if a slave-trader can be supposed 
to reflect on the nature of his occupation, sclf-reproacii. 

It is unnecessary to prove by a formal induction that, 
when almost ail that renders life agreeable, or even en¬ 
durable, is sacrificed to profit, the profit must be great; 
or that competition must reduce very low the pecuniary 
rewurd or valuable remuneration of occupations which 
seem to carry with them their own reward. 

It may not appear obvious why the extra profit of a 
disagreeable employment should bear any proportion 
to the value of the capital employed in it. It must be 
remembered that, since the number of persons possessed 
of a given capital becomes rapidly smaller as the amount of 
the supposed capital is larger, the possessors of any given 
amount of capital enjoy a sort of monopoly, which be¬ 
comes stricter and stricter as the given amount is larger; 
and, secondly, that the larger a man’s capital, and conse¬ 
quently his income, the greater must be the temptation 


* Book i. eb. x, 
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Political necessary to induce him to encounter moral or physical 
Kcmiomy. evil in tile hope of increasing' it. On the other bund, both 
the trouble and the inferiority of rank that nccotiquiny any 
tion n ' m * tn “' e ttre generally in inverse proportion to the capital em- 
lueijua’.i- p'°yed. Where, indeed, the objection to a trade arises 
ties uf from its moral turpitude, as in the case of the keeper of a 
wagvsaud gambling-house, or of any place of still more shameful 
profit m, resort, its extent will only increase its infamy Hut in the 
emulov- absence of this peculiar objection, the same trade which 
meut*. ou a small scale is mean, is respectable in a large way, and 
almost dignified when carried to its greatest extent. The 
trouble cannot be so completely got rid of, but when the 
capital is large enough to enable the employnient of 
clerks and junior partners of great knowledge and high 
character, it may often he so fur reduced us to occupy u 
small portion of the principal's daily time. There are 
at this instant many persons busily euguged, and even 
distinguished in politics and literature, who are also at 
the In-ad of great banking, brewing, or mercantile esta¬ 
blishments, It is not probable that their occupations in 
business can employ much of their time. 

The result that might be anticipated from these oppos¬ 
ing ciicuinstances is, that that part of profit which is the 
remuneration tor the trouble and oilier sacrifices, inde¬ 
pendent ol abstinence made by the capitalist, though it 
must positively increase in amount, yet generally bears 
a smaller proportion to the capital employed as that 
capital increases in value. And this anticipation is, we 
think,confirmed by observation. There arc, we apprehend, 
lew persons employing in England a capital of £'100,000, 
who would not he satisfied wit ha profit of less than ten per 
cent, per annum. A inainilaoliirer of considerable emi¬ 
nence, with a capital of £40.000, complained to us of the 
smallness of Ins profits, which he estimated nt twelve and 
a half per cent. About fifteen per cent, wc believe to be the 
average that is expected by men with mercantile capitals 
between £‘ll),000 and £20,000. Scarcely any whole¬ 
sale trade can he carried on with a capital ot less than 
£10,000. The capitals of less value, therefore, gene¬ 
rally belong to farmers, shopkeepers, and small manu¬ 
facturers, who, even when their capital amounts to £5000 
or £6000, expect twenty per cent., and when it is lower 
n much larger per centage. Wc have heard that stall 
fruit-sellers calculate their gains at 2d. in the shilling, 
or twenty per cent, per day. or something more than 7000 
percent, per annum. Tins seems, howevcr.alniosttoo low. 
The capital emplo.ed at any onetime seldom exceeds 
in value 5*., twenty per cent, on which would only be I*, 
a day; a sum which would scarcely pay the wages of 
the mere labour employed. It is, however, possible that 
the capital may sometimes be turned more than once in 
a day ; and the capitalists in question, if they can he called 
so, are generally the old and infirm, whose labour is of 
little value. The calculation, therefore, may probably be 
correct, and we have mentioned it as the highest appa¬ 
rent rate of profit that we know. 

2 f r^r'i' 5 - “Secondly,” says Adam Smith, “the wages of labour 
thebosk-" 8 vary lvith tl,e eas,l,ess all<i cheapness, or the difficulty 
uess, anil expense, of leuruing the business. 

“ When any expensive machine is erected, the extra- 
ord nary work to lie performed by it before it is worn out, 
it must be expected, will replace the capital laid out on 
it with at least the ordinary profits. A man educated at 
the ex|iense of much labour and time may be compared 
to one of these expensive machines. The work which 
he learns to perform, it must be expected, over and above 


the usual wages of common labour, will replace to him Political 
the whole expense of his education with at least the or- Kcouoiny. 
dinary profits of an equally valuable capital. It must ' 

do ibis in a reasonable time, regard being had to the |ion 
very uncertain duration of hnmun life, in the same luequali- 
inanner os to the more certain duration of the machine, tie* uf 
The difference between the wages of skilled labour and waipis and 
those of common labour is founded on this priuciple.” Jiifl’eront 
Book i. Cll, X. employ- 

We agree with the whole of this admirable passage, meat*, 
except that we think it shows the propriety of rather 
terming the surplus remuneration of skilled over com¬ 
mon labour profit than wages. It is an advantage de¬ 
rived by the skilled labourer in consequence partly of his 
own pievious conduct, and partly of that of his parent* 
or friends;—of the labour and of the expense which 
they respectively contributed to his education. It i* 
profit on a capital, though on that sort of capital which 
cannot be made available without the labour ot' its 
possessor. 

A (lain Smith has remarked that, in the liberal pro¬ 
fessions, this labour and expense are very inadequately 
remunerated; and lie uttnbntcs the sligditness ot their 
remuneration first to the desire of the leputntioli which 
attends upon superior excellence in any of them ; se¬ 
condly, to the natural confidence which every man has, 
more or less, not only in his own abilities, but in his 
own good tbriune; and thirdly, as far ns literature and 
the church are concerned, to the number of |iersons who 
are educated for those occupations at the public expense. 

The two first causes operate very forcibly, 'J tic in¬ 
fluence uf the third lie lias, we think, exaggerated, or, 
perhaps, its force may have much diminished since he 
wrote. In tlie first place, though our population has 
nearly doubled in the interval, the number of provision* 
for affording gratuitously the means of a liberal educa¬ 
tion has not materially increased. Ami, secondly, from 
the change which bus taken place in the style ot living 
at the places of education, and in many cases from the 
nominal value of the provisions having remained unaltered, 
while money has lost more than half its value, these 
provisions now afford much less reul assistance to the 
persons who obtain them. Adam Smith seems to have 
supposed that the greater part of the clergy were 
educated ut the expevi.se of the public, and he expressly 
slates that few were educated altogether at their 
own. lint at present there are scarcely any under¬ 
graduates at cither of our Universities wholly main¬ 
tained by a foundation: probably there are not twenty 
who receive from such a source one half of their expen¬ 
diture. and by far the greater number receive iio )icciidi¬ 
ary assistance except tram the relative cheapness of in¬ 
struction. We say relative cheapness, because the sum 
of money positively paid for instruction is perhaps as great 
at Oxford and Cambridge a* at most other Universities ; 
but the attention bestowed by the teacher on each indi¬ 
vidual student is considerably greater. In the foreign 
Universities ajecture is a discourse delivered by the pro¬ 
fessor ; in ours, the College lectures, which are the prin¬ 
cipal means of instruction, are, in a great degree, exami¬ 
nations undergone by the pnpils. Thera can be iio 
comparison between the labour imposed on the teacher 
in these two modes of education. But that which is 
the laborious one necessarily confines each tutor to s 
small number of pupils. If our Inundations did not 
afford them an income, our tutors must either require a 
much larger remuneration from each pupil, or adopt the 
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foreign mode of teaching by discourses delivered to large 
assemblies. 

The principal cause which fills the avenues to some 
of tiie liberal professions with candidates so numerous 
us materially to diminish one another's reward is one 
which Adam Smith has omitted. 

•The average expense of providing in the cheapest 
manner for the maintenance of a child until it can main¬ 
tain itself by ordinary labour may perhaps amount to 
about £40. This is double the sum for which a parish 
will indemnify the father of a bastard. The parish, 
however, speculates on the chances of the child’s death. 
The average expense of giving to a gentleman’s son the 
cdueution which is essential to his holding his lathei’s rank 
cannot lie estimated at less than £‘2,040. But neither the 
labour which the boy undergoes, nor the expense borne 
by his father, is incurred principally in order to obtain 
future profit. The boy works under the 6Limulus of im¬ 
mediate praise or immediate punishment, it never 
on urs to the father that it would be ehea|ier to have his 
child nursed in the country at 2«. a week till he is eight 
years old, and then removed to a farm-yard or a colton- 
iniil; and that at giving him a more expensive education 
he is engaging in u speculation which is likely to lie un¬ 
profitable. To witness a son’s daily improvement is, 
with all well-disposed men, or lather with all men, ex¬ 
cept a few outcasts, one of the greatest sources ol im¬ 
mediate gratification The expense inclined for that 
puipnsc is ns much repaid by iminediate enjoyment as 
that which is incurred to obtain the most transitory 
pleasures. It is true that a further object may uiso be 
obtained, but the immediate motive is ample. 

But the extra expense and labour thus incurred in 
some eases constitute the whole expense and labour of 
prepaiation for n liberal profession, and in all cases con¬ 
stitute the bulk of that expense and labour. Ill the 
climili they constitute the whole of the expense, and 
almost all the labour. A graduate of Oxford or Cam¬ 
bridge may have a very little more to read before lie 
takes orders, but. lias absolutely nothing more to pay. 
What he obtains, therefore, as a clergyman, alter deduct¬ 
ing the mere wattes of his additional labour, is pure 
gaiu. Aiul when we consider how many are the motives 
tor undergoing that labour, besides the merely pecuniary 
ones, we might he tempted to wonder that the pecuniary 
rewards should remain so high, ’i liree circumstances 
keep them up : two by diminishing the number of can¬ 
didates, and the third by raising the fuud applicable to 
their use. The two former ones are the indelibility of 
the clerical character, and the interdiction of clergymen 
from almost all secular employments, especially from 
those which offer the most glittering rewards. Many 
men would cuter the church if they could combine it 
with other occupations, or if they might quit it at 
pleasure, who refuse to enter into a path in which it is 
not permitted to turn back or to diverge. These arc 
probably the principal causes which tend hi this Country 
to keep down the number of clergymen. .The revenue 
of the existing members is kept up by means of the 
fund set apart bylaw for their use, and somewhat equal¬ 
ized by the repeated intervention of the Legislature to 
raise the remuneration ol curates by prohibiting tin* in¬ 
cumbent from ottering, and (lie curule Irum accepting, 
a stipend as low as would have been fixed on mere prin¬ 
ciples of competition. The expense of entering the 
army is probably about equal to that of the church; 
for though about £600 is to be added for the price of 


the first commission and for outfit, the difference4s about Political 
inaile up by the early age at which the prolusion can be Economy, 
begun. 1 he expense of the navy is much less, and 
either profession may lie enured upon without huthc ,,l '’ lribl1 * 
preparatory study. The Legislature Inis fixed the pay 
and other advantages ol the army and navy (moderate ti.v of 
as they appear to be) much higher than would have lin n "a-cmmil 
necessary to keep up the supply of qualified candidates. I 1 j'. fit *“ 
The difficulty of obtaining permission to enter either ol lln"* 
them is so notorious, that few peisous without emsidera- Zm 
hie interest ever think of them. Yet, notwithstanding 
the influence of this feeling in diminishing the number 
of competitors, the Adiniialty and the Horse Hoards 
are besieged by candidates lor first commissions ten times 
more numerous than the vacancies. 

The same may be said of what are the subjects of 
almost a distinct profession, public offices. Small as the 
emoluments are, if they arc to he considered as repaying 
the expenses of education, thev are objects ot eager 
competition. 

ti fuillicr proof were wanted that the number of the 
candidates for the liberal piofessions is principally kept up 
by the feeling which forces every parent to endeavour to 
give to his children at least the education ol his own imi k 
rather than by calculation, it may he found iu the abun¬ 
dance of governesses. The expense*of giving to a giil 
the education which will fit her to tie a govei ness, though 
not quite equal to that of educating a liny asagcnllcn an. 
is yet very consult*!able: no part of it is evil, supplied 
by the public ; anil yet that prolrs-ioii is so overstocked 
with candidates ihat the pay scarcely equal- that of a 
servant. 

An expense of nearly £1000 beyord the common 
expense ot a regular education may be ncce-sary‘to s'art 
a young man as a physician, and prrliai s nearly A1500 
as a barrister. The lower branches of the legal and 
medical professions are about as cxpi iisive as the church 
or the army. But no branch of either law or phys.c 
admits of practice till after an apprenticeship of limn 
tince to five years, or of success, without three or tour 
wears of diligent siuilv. The effect of all these cause* 
lias been so much to diminish the number of competitors 
in the medical and legal piofessions, that we much doubt 
whether they are now,as Adam Smith slat* s them to have 
been iu his time, under-recompensed in point of pecu¬ 
niary gain. We speak more doubtfully as to medicine ; 
lint we can say, from flic observat on of many years, that 
his statement that, “if you send your son to study the 
law. it is :.t least twenty to one it lie ever makes such 
proficiency as will enable him to live bv the business,” 
has no resemblance to the existing state of things. We 
have watched the progress of perhaps a bundled hgnl 
students, and, where fair diligence lias been empoyed, 
success has been the rule, and failure the exception. 

Many, indeed, have not applied fair diligence: but we 
have seen much more success among the idle than failure 
among the laborious. So'far from the ch.iims hung 
twenty to one against a young lawyer, wo should he in¬ 
clined to rate them at two to one in his favour. 


A third ea\i«e of variableness both in wages am! in f> r.-iau- 
profiu is constancy or inconstancy of employment. 1 he <■> 
variations which it occasions are, however, rather appa- 
rent than real. A London porter, employed lor mi hour, 
would think himself ill paid by less than a shilling. A 
pavior or a hodman, whose labour is inucli mine severe, 
seldom receives more than 3d. an hour. But the pu- 



216 


POLITICAL ECONOMY. 


Political vior citr always find a market for his services. At 3d. 
Economy. an hour, he can at an average earn three shillings a day, 
or about £46 a year. The porter may be sometimes n 
Putri >u- without a job. If his employment be less regular by 
Inetpiali* three-fourths than that of the pavior, to make his annual 
ties of wages equal, his hourly wages must of course be three 
wage*, and times as high. Adam Smith, indeed, thinks that his annual 
different Wli p ei1 "ughi to be higher than the average, to make him 

employ- some compensation lor those anxious and desponding 
meats. moments which the thought of so precarious a situation 
must sometimes occasion. But this evil is compensated, 
and. in most dispositions, more than compensated, by the 
diminution of his toil. We believe, after all, that nothing 
is so much disliked as steady, regular labour; and that 
the opportunities of idleness afforded by ail occupation 
of it regular employment are so much more than un 
equivalent lor its anxiety as to reduce the annual wages 
of such occupations to below the common average. 

In the employment of capital, however, this compen¬ 
sation does not often exist. The occasional unproduc¬ 
tiveness of his capital, generally speaking, atfords no 
relief to the capitalist. It must, therefore, lie compen¬ 
sated by a surplus profit, when productive, at least 
enough to balance its periods of unproductiveness. A 
house-builder's capital often lies unproductive ; there are 
some places in which the majority of the houses are un¬ 
occupied for nine months in the year. The builder’s 
profit during their occupation must be at least four times 
as great as it they were regularly inhabited. One of the 
coii»cqucnces of the effect of irregularity of employment 
on wages ami profits is to occasion many services and 
commodities to cheapen as the demand for them in¬ 
creases A man who can count on employ intuit for four 
hours a day would be forced by competition to sell his 
services lor nearly half of what he might have asked if 
he could have reckoned on only two hours. Prices in a 
watering-place always fall us the season becomes longer. 

4 . Trust The fourth cause assigned by Adam Smith for the varia¬ 

tion in wages, the small or great trust which must be re¬ 
posed in the workman, appears to be in a great measure 
included m the second of his causes, the expense of edu¬ 
cation. Occasionally, indeed, we see persons receiving 
and deserving confidence though brought up under dis¬ 
advantageous circumstances. The integrity of such per¬ 
sons must arise from a peculiarly happy natural disposi¬ 
tion, and its rowan! may then be considered a species of 
rent; but, as a general rule, trustworthiness is the result 
of early moral cultivation, and in that case is as much to 
be considered a part of a man’s immaterial capital as his 
prudence or his knowledge. 

5. ProbaUi- The last of the causes mentioned by Adam Smiih, 
lity of sue- as affecting the remuneration of different employments, 
cess- is the probability or improbability of success. 

Uncertainty of success, in some respects, resembles 
inconstancy of employment. A few examples will show 
them to he different. The legal and medical professions 
are generally thought to be remarkably uncertain, but 
the employment of a successful physician or barrister is 
painfully incessant. On the other hand, a man may lie 
morally sure that in a given occupation he will have a 
day's work forty or fifty times during n year, and that 
his earnings on those occasions will supply well Ills 
annual subsistence. Such an occupation would be 
certain, notwithstanding its inconstancy. 

Uncertainty of success cannot well affect the wages 


of common labour, since no man, unless he be to n cer- Political 
tain extent a capitalist, unless he have a fund for his - conomy. 
intermediate support, can devote himself to an employ- ]); ltritjU . 
ment in which the success is uncertain. But its tion. 
apparent, and indeed its real effect on profits, is very lnequali- 
considerable. ,,l:> . 

Perfect knowledge, of course, excludes the idea of 
chance; but if all men had sufficient information to 'Jifltrent 
enable them to calculate fairly the chances of success, employ- 
and were subject neither to rashness nor to timidity, it rncutv. 
appears clear that even then the average profits of any 
employment would be raised by uncertainty of success. 

When the sums are equal, to lose is obviously a 
greater evil than to gain is a good. If two men, with 
each a capital of £2000, toss up for £1000, the gainer 
augments his fortune by only one-tiiird, and the loser 
sacrifices one-half. Laplace calculates the disadvantage 
at twenty-six percent. At an equal game, he observes, 
the loss is relatively greater than the gain. Suppose a 
player with a fortune of 100 francs to risk 50 of tlrem at 
heads and tails, his fortune, after he has deposiletl his 
stake, will be reduced to 87 francs; that is to say, 87 
francs unhazarded would procure him fis much happi¬ 
ness os 50 unhazarded, with 50 more subjected to the 
chance of being doubled or lost. Admitting this calcu¬ 
lation to he correct, and admitting the existence of the 
degree of information and prudence which we have «up- 
po-ed, rto one possessed of £10,000 would venture 
£5000 with ait even chance of losing it, unless he had 
an even chance of gaining not merely £ 10,000, anil an 
adequate profit on his capital of £5000, but could 
reckon on a further profit of £1300, as the price for 
undergoing the risk. 

It is needless to say that men arc far from possessing 
this degree either of information or of prudence. It is 
to be observed, however, that there are two sorts of 
uncertainty. In some cases the hazard is essentially 
connected with the employment itself, and recurs, in 
about an equal degree, ut every operation. Smuggling, 
and the manufacture of gunpowder, are instances. 
Experience and skill may somewhat diminish the risk; 
but the l est smuggler, and the best maker of gun¬ 
powder, probably each, suffers an average amount of 
loss. But there me employments in which success, if 
once obtained, is permanent. Such is often the case in 
mining. That mining is generally the road to ruin is 
notorious m all mining countries ; but there are miners 
who* nave never suffered a loss. The same may be 
said of the liberal professions. Granting them to lie us 
uncertain as Adam Smith believed them to be, the evil 
to winch that uncertainty refers is experienced only by 
those '.ho tail. To those who succeed .they afford a 
revenue eminently safe and regular. Their uncertainty 
is personal. It arises from the error to which every 
man is subject when he compares his own qualifications 
with those of bis rivals. If he be found on the actual 
trial inferior, his failure is irreti ievable. In the other 
alternative lys success is as permanent. Where any 
business is necessarily and permanently hazardous, the 
fortunes of any one individual engaged in it afford a 
sample from which wc may estimate the fortunes of all. 

If only one old farmer could give to its all his personae 
experience, we should probably have a tolerably correct 
conception of the hazards to which farming is exposed. 

But, if we were to estimate the chances of legal or 
medical success from the average of ten or twenty 
selected instances, we should be likely to be grossly 
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misled. Tlic first sort of uncertainly, therefore, is likely 
to be estimated with a much greater approach to correct¬ 
ness than the second. 

Adam Smith believed both to be under-estimated, 
and, consequently, that the average profits of all hazard¬ 
ous employments are below the average profits of safe 
ones. 11 is views are stated with so much force and 
ingenuity, that we will extract them at considerable 
length. 

“The overweening conceit which the greater part of 
men have of their own abilities is an ancient evil 
remarked by the philosophies and moralists of all ages. 
Their absurd presumption in their own good fortune 
has been less taken notice of. It is, however, if possible, 
Mil! more universal. There is no man living who, 
when in tolerable health and spirits, has not some share 
of it. 'I’he chance of gain is by every man, more or less, 
overvalued; mid the chance of loss is by most men under¬ 
valued; and by scarce any mail, who is in toleiahle 
health anil spirits, valued at more than it is worth. 

“ That the chance of gain is naturally overvalued vve 
may learn Irmn the uuiveisat success of lotteries. The 
world neither ^ver saw, nor ever will see, a perfectly 
fair lottery, oroue in which the whole gain compensated 
the whole loss, bemuse the undertaker could make 
nothing by it. In 1 lie state lotteries the tickets are 
io:.l.y not vvoith the juice which is paid by the original 
-u 1 ' ft diets, and yet cmiim-nily tell in the market for 
twenty, diiity, and sometimes forty per cent, advance. 
The vain ln>|)t* ol gaining some of the great prizes is the 
see: cause ol this demand. The soberest peojde scarce 
look upon it as a tolly to pin a small sum for the chance 
ol gaining £lO,ti;'d or ^2<).lU'0, though they know 
tlnil even tli.it small sunt is perhaps twenty or thirty per 
coot, mote than the chance is worth. In a lottery in 
which im pn/c exceeded £20, though, in other respects, 
it :ij> t lo.ieheil inni.lt nearer to a perleelly fair one than 
the eommoii state lotteries, there would not be the same 
demand lor tickets. In older to have a better chance 
I-nine of the great prizes, some people purchase 
;i vend tickets, and others small shares in a still greater 
on idler. Theic is not, however, a more eeitaiti propo¬ 
se ol in Mathematics, than that the more tickets you 
a ' ciiturc upon, the more likely yc are to be a loser. 
Am i ni.tie upon all tlie i.ekets in the lottery, anti you 
lo'c for certain; and the greater the number of your 
ticket-,, the nearer you approach to tins ceitainty. 

“ That tile chance of loss is frequently undervalued, 
am! scarce ever vulued more than it is worth, vve may 
lea'n limn the very moderate profit of insurers. In 
order to make insurance either truni fire or sea risk n 
trade at all, the common piemitim must be sufficient to 
compensate the common losses, to pay the expenses of 
management, and to uilbrd such a profit as might have 
been drawn from an equal capital employed in any 
common trade. The jierson who pays no more than 
this evidently pays no more limn the real value of the 
risk, or the lowest price at which he can reasonably 
expect to insure it. lint, though many ’people have 
made, a little money by insurance, very few have 
made a great fortune: and from this consideration alone 
i’ seems evident enough that the ordinary balance of 
piofit and loss is not more advantageous in this than in 
other common trades,, by which so many people make 
fortunes. Moderate, however, as tire premium of 
insurance commonly is, many people despise the risk too 
much to care to pay it. Taking the whole kingdom at 
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an average, nineteen houses in twenty, or rather perhaps Political 
ninety-nine in a hundred, are riot instiled from fire. Economy. 
Sea risk is more alarming to the greater jmrt of people! 
and the proportion of ships insured to (ho c not insured' 1,i8,libu * 
is much greater. Many sail, however, at all seasons, !'“?* , lU . 
and even in time of war, without any in-iu attee. This 
may sometimes, pci hups, he done without any itnpru- v aucs and 
deuce. When u great company, or even t great I 
merchant, has twenty or thirlv ships at sea, the mav. l!i ', r,;nt 

• , • . I rrt * * . t" Ttl.loV- 

as it were, insure one another. The premium saved ^-nts. 

upon them nil may more than compensate such losses 
as they are likely to meet vvitli in tint common eomse of 
chances. The neglect of insurance upon slipping, 
however, in the same manner as upon houses, is, in 
most eases, the eiFect of no such nice calculation, hut of 
mere thoughtless rashness and jiresuiiipluotis contempt 
olThe risk. The ordinaly rate id profit always rises, 
more or less, with the risk. It does not, however, seem 
to rise in jiropoi tioii to it, or so as to compensate it 
completely. Bankruptcies are most ficqueut in the most 
hazardous trades. The most hazardous ol all trades, 
that of a smuggler, though, when (he adventure 
succeeds, it is likewise the most profitable, is the 
infallible road to bankruptcy. The |iresnmpluous hope 
of success scents to act here as upon all oilier occasions, 
and to entice so many adventurers into those hazardous 
trades, that their ci>iii|ielilii.u nduces their profit below 
what is sullicient to enmpemute the risk. To compen¬ 
sate it completely, the common leturus ought, over and 
above the ordinary profits of stock, not only to make up 
for all occasional losses, but to aflbid a surplus profit to 
the adventurers of the same nature with the piufits of 
insurers. But if the common returns were sufficient for 
all this, bankruptcies would not be mote irequeut in 
these than in other trades.’’ Hook i. eh. x. 

\\ hetlier Adam Smith’s conclusions be true or false, 
they certainly do not follow (rotn his premises. Battk- 
rupteies might be fiequent in a trade of extra¬ 
ordinary profit. We will suppose ten merchants each 
to employ for a year a capital of £10.000 m a remark¬ 
ably safe trade, and ten others to employ equal capitals 
for the same period in a hazardous liade; and ten per 
cent, per annum to be the average late of profit in 
undertakings involving similar trouble. The capital «.f 
£100,000 engaged in the safe trade would, at the end 
of the year, be raised to £110,000, but be distributed 
in the same propuitious as bcfoio. If tile capital 
engaged in the hazardous trade were also, at the end of 
tile year, to amount to £110,000, it is clear that each 
I Hide would have been equally profitable, although a 
d i lie re lit distribution of the capital might have round 
soiiis, and made the fortunes of others, among the 
merchants engaged in it. Two might have lost, and 
two others might have doubled, their whole property. 

If tl.e capital in the hazardous trade were found, at the 
end of the year, to have been raised from £100,000 to 
£120,000, it is elcar that the hazardous trade must 
have been twice as jvrofitable as the safe one, though the 
whole of the advantage might have fallen to two or 
three or even to one of the supposed ten merchants, 
leaving all the others to bankruptcy. 

Insurance was a still more unfortunate source ot argu¬ 
ment ; tor all the premises that it affords lead to a con¬ 
clusion directly ojqtosed to Adam Smith's. Insurance 
is one of the safest of employments. II its profits be re¬ 
markably tnoderulc, their moderation can be accounted 
for only by the extra competition which its safety invites. 
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It affords, therefore, at least one example in favour of 
the superior profits of hazardous employments. Nor 
can it be said that the majority of persons despise the 
risk too much to secure themselves against ii by paying 
a moderate premium. So much do they fear the risk 
that they are willing to guard against it by paying a 
most i.nmoderatc premium. The sum received hy the 
iusurmiee office inttst, as .‘i dam Smith lias remarked, 
exceed the value of the risk by an amount sutiicieut to 
pay the expenses of management, and allord ordinary 
prolit. Tlie sum received hy the oiiice on common 
insurances against tire is Is. (id. per £100; of which at 
least (id. must goto pay expenses and profit, leaving Lv. 
as tlie value of the risk. But a dntv is also paid to 
Government by the insured of 8r. per £ 100; so that the 
whole expense of insurance is 4s. Gd. per £ 100, or nearly 
five times the value of the risk. And, even at this ex- 
tiavngam rate, we believe that of good houses not one in 
a hundred is uninsured. So little do people despise 
the risk that, with their eyes open, they purchase a 
security against it at nearly live times its real value. 

We su-'pect the fact to be that the imagination is 
unduly aflcctcd by the prospect either of enormous gain 
or of enormous loss; and, consequently, that men ate 
ready to purchase the chance of obtaining a very great 
advantage, or the certainty of not suffering a very great 
disadvantage, at a price fur beyond the value of either 
contingency. And this appears to be sufficiently proved 
by the facts which have been stated respecting insurance 
and lotteries, 'flic English state lotteries of late times, 
indeed, afforded much more striking proofs of men’s 
tendency to over-estimate the chances of extravagant 
gain than those which Adam Smith had seen. The 
tickets were always worth exactly £irt apiece—£10 for 
each ticket forming always a sutn equal to the aggregate 
amount of all tlie prizes; the average price of a ticket was 
from £2 1 to £‘2 1 apiece. Instead of twenty or thirty per 
cent, the purehnseis paid more than one hundred percent, 
more titan the value of their hope, just as, in the case of 
insurance, t hey pay nearly five hundred percent, more than 
the value of their fear. The purchasers of tickets seem to 
have considered the relation between £24 and £20,000, 
not that between £21 and the one two-thousandth chance 
of getting £20,000. .1 nst as thosewho insure their houses 
compare £2. 5 s with £1000 instead of comparing it with 
the one two-thousandth chance of losing £ loot). Adatn 
Smith has well remarked, that if the dispropnrt ion between 
the stun paid an.I the nun attainable were altered, even 
though the bargain were rendered more favourable, the 
competition for it would diminish. No one would buy 
hnlfthe tickets in a lottery, even at £12 a ticket; he would 
at once see the absurdity of paying £ 120,000 for an even 
chance of getting £200,01)0, though, if a slate lottery 
were now opened, a folly just twice as great in kind would 
be committed hy thousand*. So if, instead of one in 
two thousand, which we believe to be about the present 
average, one bouse in ten were annually burned down, 
aud tlie annual expense of insurance were £22 10). per 
cent., insurance would diminish, though the terms would 
be twice as favourable us they now arc. 

Those employments which offer the possibility of a 
great return for a small outlay are of the uutiire of lot¬ 
teries ; aud it may be supposed that they utlract compe¬ 
tition in proportion not so much to the real value of the 
contingency as to the excess of the possible return over 
the certain outlay. If that excess he very great, it may 
be supposed that the number of competitors in propor¬ 


tion to that of prizes will reduce so low the value of 
each man’s contingency ns to render such employments 
on the whole unprofitable, in this Country the church, 
the army, and the bar, are such employments. They 
otter prizes that may satisfy to its utmost almost every 
human desire; and they require, as we have seen, 
from those who have already received tv gentleman’s 
education, a very moderate further outluy : the church 
and the army scarcely any; the bar perhaps £ 1500. 
Under these circumstances, if the number of banisters 
were not kept down by the necessity of years of irksome 
study, and the emoluments of the church and of the 
army and navy kept up by the funds appropriated to 
their respective use, we have no doubt that the compe¬ 
tition in these professions would reduce their average 
profit far below even its present moderate amount. VVe 
olten hear proposals for equalizing, or rather for 
diminishing, the inequality in ecclesiastical preferments. 
At first sight it appears a waste to pay £2(3,000 a year 
to an Archbishop for doing less than is required from 
the curate of a populous parish with only £100 a year. 
But if our object were to obtain an expensively edu¬ 
cated clergy on the cheapest terms, tfcat object would 
probably be best ellerled, not by diminishing, but by 
increasing, the value of the highest prizes. The 
revenues of all the English Bishoprics put together 
fall short of £150,U00 a year. This sum, divided 
among the ten thousand livings, would raise the value ol 
each by i'15. Can anyone believe that, such a change 
would not diminish the worldly attractions of the cliuich? 
Nothing sells so dearly as what is disposed of hy a well- 
constructed lottery, and if we wish to sell salaries dearly, 
that is, to obtain as much work and knowledge as pos¬ 
sible for as little pay as possible, the best menus is to 
dazzle the imagination w ilh a few splendid prizes, and, 
hy magnificently overpaying one or two, to induce thou¬ 
sands to sell their services at half price. 

We have been told that it was once proposed at Home, 
as the easiest mode of constructing a vast dome, to raise 
a mound of earth of the required shape, and build over 
it. But the expense of then removing the earth ap¬ 
peared enormous. On the principle which we have en¬ 
deavoured to illustrate it was proposed tliut in raising the 
mound the earth should be irregularly mixed with coins 
of gold, silver, and copper, amounting in the aggregate 
to a sum equal to about half the aggregate amount of 
the wages which it would have cost to icmovc it by 
paid labourers, and then to allow the populace to remove 
it in harrows, without payment. It was stippo-ed that 
a sufficient number of persons would otter then- services, 
though, in fact, working, in the aggregate, at half price. 

We have already expressed an opinion that the bar 
is better paid than the church, and we uttrihute^this to 
its being less of rt lottery. The expenditure, as tve. have 
seen, is far gjester, and the prizes, cm the whole, arc. 
I'initllcr. Tin learned profession which offers the 
fewest prizes and requires the largest outlay, that ol a 
schoolmaster, as it ceases to be a lottery, is hy far the 
best poitl. There are probably few capitals which in the 
aggregate yield so certain and at the same time so large 
a profit. 

In some few coses commercial adventures arc of the 
nature of a lottery. Such were the shares which ex¬ 
cited the strange fevers nfeupidily and speculation n hiclt 
marked the years of 1720 and 1S25. Of the thousands 
who crowded to buy Chili aud Peruvian, aud Rio la 
Plata, and Columbian, and Mexican shares, how many 
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can be supposed not to have ascertained, but to have 
endeavoured to ascertain, or even to have thought of 
ascertaining, the probability of their Company’s success ? 
All they knew was that Heal del Monte shares, for 
which £70 had been given, were selling for ,£1200: 
and they bought a few shares in oilier Companies, 
because, if the speculation succeeded, they might get one 
thousand per cent., and if it failed they had only lost 
one or two hundred pounds. 

Generally speaking, however, those commercial ad¬ 
ventures which offer a large immediate advantage are 
more in the nature of ordinary gambling than of a 
lottery. The possible loss often equals or exceeds, and 
generally bears a large proportion to, the possible gain. 
The undue hopes and the undue fears, which we have 
described as excited by the prospect of enormous gain 
and enormous loss, may now be supposed to balance 
one another, and to leave room lor the action of Adam 
Smith’s principle, an absurd presumption in onv own 
good fortune. If his theory be correct, if every man in 
tolerable health and spirits have a tendency to miscal¬ 
culate the chances in his own favour, it must follow 
that those speculations, which offer a great gain at the 
hazard of a great loss, invite so much competition as to 
be, if not positively unprofitable, at least less advan¬ 
tageous than ordinary employments. And we believe 
such lo be tile case. Mining and stock-jobbing are 
employments of capital which offer splendid success at 
the hazard of ruinous failure. The former employment 
is notorious not merely as affording le-'s than average 
profits, lmt as alihrdiug no aggregate balance of profit at 
all as productive in the aggregate of loss. Knowledge, 
diligence, capital, all the materials of success, are 
applied in Cornwall to one of the richest mineral dis¬ 
tricts in tile world, and yet it is supposed that tiie aggre¬ 
gate price of the whole of the copper and tin annually 
raised in Cornwall is not equal to the whole of the ex¬ 
pense of raising it. A few' capitalists, however, make 
large fortunes, and their success draws on the rest, 
generally to loss, often to ruin. 

Even if speculation in the funds were attended by no 
expense, it is mathematically certain that it could in the 
aggregate afford no profit, as what is gained.by one 
must be lost by another. Hut it is carried on at a very 
great expense. Every transfer costs a commission of 
‘■is. fid. for every £l()0 stock. A man who annually 
buys and sells stock to the amount of £800,000, and 
that is far from a large amount for an habitual specu¬ 
lator, must at an average pay for commission £1000 
a year; and that £1000 exactly represents the amount 
of his annual loss, supposing him to speculate with 
average success. 

On the whole, however, though we attribute some¬ 
thing to men’s confidence in their superior good for- 
tune, we attribute much more to their confidence in 
their superior ability. A confidence which, if universal, 
would, on the whole, produce as much miscalculation 
as the former, but which is not obviously irrational 
in each particular instance, and on that very account 
is si ronger and more general. 

The third and last class of the employments of 
capital which are subject to uncertainty comprises those 
which are just the reverse of a lottery; those in which 
the gain is in each instance small, but nearly certain ; 
and the loss great, but highly improbable. 

If our theory be cornet, this remote contingency of 
great loss must in general be overvalued, and the capi¬ 


talist who submits to it nm«t, in addin .>11 to the profit Political 
which would content him if his business were perfectly Economy, 
safe, receive at an average in the first place an , xtra 
profit equal to the risk, and in the second place,u finthcr Hixfribu- 
profit to compensate his anxiety, to compensate tlio ,ion * 
excess of evil occasioned by loss over the benefit that l 111 '!” 3 *' 
attends on gain, and a still fiirthi-i pn.fit to compensate V va*-cs and 
the undue importance which lie is lila ly to attribute to profit in 
the chances against him. different 

Mmv this class comprises almost all tho-e employ- v m I'’°y* 
rnents of capital which, to distinguish them 1mm those " l<!n k ‘ 
attended l.y extraordinary risk, are generally termed 
safe. A merchant or a manufacturer who wishes to be 
safe must in general give up the hope of obtaining great, 
profit by any single transaction, lint no productive 
employment of capital can be jterf etly safe. A capi¬ 
talist may, indeed, lend his capital to one who wishes to 
emp'oy it, on receiving a pledge, and the pledge may so 
much exceed in value tiie sum lent as to make tin* louiy 
secure; but the capital itself, if employed, must he 
risked. Credit must he given, confidence must he 
reposed in agents, and when every precaution has been 
taken, an extraordinary season, an unexpected source of 
supply, a sudden change in foreign or domestic politics, 
or a commercial panic, may produce ruin out of tiie best- 
arranged operations. No man in business can he per¬ 
fectly sure that in ton years’ time tie shall not be a 
bankrupt. If vve are right. Ibis risk of enormous loss, 
when unbalanced by the hope of enormous gain, must 
be compensated by an extra profit of something more 
than its value, just as the chance of enormous gain, 
when not balanced by tiie fear of enormous loss, is 
purchased at more than its value; and as the latter class 
of employments gives a smaller, so the former must give 
a greater average return than would be afforded by an 
employment perfectly safe, if any such there be. 

Inequalities in wage* and profits occasioned by the 

difficulty of iransftrring capital and labour from one 

employment to another. 

The inequalities in wages and profits which we have 
as yet considered arise from causes ii.beicut in tiie em¬ 
ployments themselves which have been the subjects of 
discussion, and would, generally speaking, exist even if 
one occupation could at will he exchanged for another. 

Hut great inequalities are found which cannot lie ac¬ 
counted for by any circumstances leading men to 
prefer one employment to another, and vv liicii therefore 
continue only in consequence of the difficulties expe¬ 
rienced by the labourers and die capitalists iu changing 
their employments. 

The difficulty with which labour is transferred from 
one occupation to another is the principal evil of a high 
state of civilization. It exists in proportion to the 
division of labour. Jn a savage state almost every man 
is equally fit to exercise, and in fact does exercise, almost 
every employment. Hut in the progress of improve¬ 
ment two circumstances combine to render narrower and 
narrower the field within which a given individual can 
be profitably employed. In the first p'aee the opera¬ 
tions in which lie is engaged become timer and fewer. 

“ In a pin-manufactory," says Adam Smith. “ one man 
draws out the wire, another straightens it. a thud eats 
it, a fourth points it, a fifth grinds it at the top tor re¬ 
ceiving the head; to make the head requires two or 
three distinct operations; to put it on is a peculiar 
business; to whiten the puis is another; it is even a 
■J a —it 'i 
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trade by itself to put them into the paper; and the im¬ 
portant business of making a pin is in this manner 
divided into about eighteen distinct operations.” In a 
large manufactory the man who is engaged in one of 
these operations has little experience in any of the others. 

And, in the second place, the shill which Ihe division 
of labour gives to each distinct class of aitificcrs gene¬ 
rally prevents whatever peculiar dexterity an individual 
may have from being of any \ nine in a business to w liich 
be has not been brought up. A workman whose spe¬ 
cific labour has ceased to he in demand finds every 
other long-established employment filled by persons 
whose time has been devoted to it from the age at which 
their organs were still pliable and their attention fresh. 

Mr. Ewart, one of the many intelligent witnesses ex¬ 
amined by the Committee on Artisans and Machinery, 
is asked : 

“ (.’an you state any facts to prove the inefficiency of 
even the best workmen when they are taken out of the 
immediate line of their daily business, though in the same 
trade?" 

He replies, “Yes, I can: I should state particularly 
the case of 4lie clock and watch tool and movement 
makers in Lancashire; they are considered the best 
workmen; they ire the same sort of tools that the 
cultou-niachinc makers use; but they are biought up 
t.i no employment but making those clock mid watch 
tools and movements. When those men come to he em¬ 
ployed in making cotton machines we find that they 
have almost as much to learn as if they had never 
learnt any working in metal at ail. \Yc have found 
them quite insufficient to do any ordinary filing and 
turning."* 

Gamier, in the amusing notes to his translation of 
Adam Smith, contrasts the comfort of the lower oiders 
in France with the pauperism of England, and ascribes 
the difference which he discovers to artificial restraints 
on the circulation of labour in England, and the absence 
of such restraints in France. “Under a government,” 
he observes, “ which does not interfere with the direction 
of industry, it is impossible that a man in health and 
strength can be without employment, unless his vices 
make employment intolerable to him. Let the workman 
be allowed to choose the market lor his labour, and you 
may be sure that he will find one, and more and more 
certainly in proportion to the wealth of the Country. The 
complaint of want of work is the threadbare excuse of 
the idler who prefers relief to wages. If he were to 
search for it, he would find it as well as his companions. 
In Fra nee, though our population is one-third more nu¬ 
merous than that of England, and the fund for the sup¬ 
port of labour much smaller, the labouring classes ore 
free from want, or even discomfort.’’} - 

There can be no doubt that we hove among our insti¬ 
tutions and our habits much that fetters and misdirects 
the industry of our labourers; mid that these causes 
frequently occasion, and always prolong, the want of 
employment to which large portions of our labourers 
are frequently exposed. We believe, too, that from many 
of these causes France is comparatively free. The mo¬ 
nopolies possessed by towns and by incorporated bodies 
of artificers, with their oppressive bye-laws and duties, 
were swept away by the Revolution. Much, however, 
that is productive of evils similar in kind, still remains. 


* Report on Ar titans an d Machinery, 1824, p. 251. 
+ Note jib. 


Not long ago thenumber of butchers in Paris wns, by an Political 
ordoiinaiicc of police, restricted to four hundred. The most Ecua mny. 
important of all employments, that of affording education, 
is a government monopoly ; and the coinincicial code of),,,!,. 
France is even worse than our own. If, therefore, the l ,t-<juali- 
labouring classes of Fiance never sutler from want *jf 4i ■» of 
employment, they do not owe their immunity to a com - v h^ s .|J ni * 
pleto, or even a very considerable, freedom from interfe- * (J ^ rn)t 
renee. If their employment be actually more constant than Cunntnes. 
that of our labouring classes, wo believe that they owe that 
constancy principally to the inferior extent of their ma¬ 
nufactures, and, what is both the cause olid the effect of 
that iufciUnity, to a much less subdivision of labour. 

Less than one-third of the population of England, and 
more than two-thirds of the population of France, are 
employed in the cultivation ol the soil. We are inclined 
to think that, notwithstanding this disproportion, the 
English labouring classes arc better ted than the French. 

Hut theie is no comparison between their respective en¬ 
joyment of clothing and other manufactures, 'the 
greater part of the coarser nmmifactiires are both cheaper 
and better in England; while the wages in France, both 
of manufacturing and agricultural blunders, are about 
half what they are with us. “ A peasant suffering 
severely from rheumatism,’’ suysM. Say, (Cnurs Com pi t t, 
tome i. p. 4(’>,) “ asked my advice. 1 recommended to 
him a flannel waistcoat next the skin, lie did not know 
thui there was such a thing as flannel. 1 told him then 
to wear under Itis shirt a cloth waistcoat turned iiiside-out. 

1 low, he asked, am 1 to get cloth to wear und< r my shu t, 
when f have never been able to atliird to wear if above ? 

And yet he was no worse otl than Ins neighbours.” 

The French labourer, being employed in more capa¬ 
cities than the Englishman, has more trades to turn to, 
and for that very leason is less efficient at any one. Tnc 
Russian is probably more seldom out of employ than 
the Frenchman, and the Tartar less frequently than 
either. Hut few principles are more clearly established 
than that, reel iris paribus, the productiveness of labour 
is in proportion to it.-, subdivision, and that, c tth-rii pari¬ 
bus, ill proportion to that subdivision must be the occa¬ 
sional suffering from want of employment. A savage 
may be compared to one of his own instruments, to his 
club, or his adze, clumsy and inefficient, but yet com¬ 
plete in itself, A civilized artificer is like a single wheel 
or roller, which, when combined with many thousand 
others in an elaborate piece of machinery, contributes to 
effects vvliich seem beyond human foice and ingenuity, 
but, alone, is almost utterly useless. 

The difficulty in transferring material capital from one 
employment to another depends principally on the de¬ 
gree in which it has been manufactured, and on the 
change to be made in the disposition of its parts. The 
destination of- raw niutcrial can, in general, be changed 
with little inconvenience. The stones that have been col¬ 
lected for a bridge may easily he employed for a house. 

Rut if they have been formed into a house, or n bridge, the 
value of the materials would scarcely pay the expense of 
removing them. Those costly instruments which form 
the principal part of fixed capital can scarcely ever 
be applied in their original state to any but their original 
purposes. They are employed, therefore, in the same 
way, long after they have ceased to afford average profit 
on the expense of their construction, because a still greater 
loss would be incurred by attempting to use them in a 
different manner. It would be u had sjiectilaiion to 
erect a steam-engine at the cost of £20,000 which should 
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return an annual profit of only <£100, but it would be 
a still worse one to sell it ns old it on lor £500. 

There is a considerable resemblance in this respect 
between mental and inanimate capital. Probity, in¬ 
dustry, judgment, elementary knowledge, and the other 
tnorul und intellectual habits and acquirements to which 
we give the general name of u “ good education,” are 
a kind of mental raw material, of which the destination 
can be altered at pleasure. The peculiar knowledge and 
habits of a given profession are like a steam-engine or a 
water-mill, of comparatively small value for any but their 
appropriate purposes. In general, however, mental capi¬ 
tal is the more transferable of the two, and becomes more 
and more so the more exclusively it is exclusively mental. 
The professional knowledge and dexterity of a weaver 
would he of little use to him in any other employment. 
A lawyer or a physician, prevented by circumstances 
from continuing to practise, would find the information 
and the intellectual habits which he hail acquired in his 
former profession of considerable advantage iu any new 
one. Bodily labour, especially when the labourer is con¬ 
fined to a very few operations, so that a few muscles have 
too much and th*rest (oo little to do, oiten weakens, and 
almost always distorts, the frame. Mr. Shaw, a surgeon 
of great eminence in the treatment of distortion, told us 
that, us he walked along the streets, lie could in general 
tell each man’s trade by his characteristic deformity. Hut 
mental exertion, unless in those rare cases iu which it is 
carried to such an excess as to produce cerebral derange¬ 
ment, never seems to weaken the mind. Jt may some¬ 
time^, pci haps, a little distort it, may sometimes give to 
one or two faculties an undue preponderance; but even 
this, to such an extent as to diminish the productiveness 
of the individual's subsequent exertions, is comparatively 
rare. And, iti general, it will be fftuud, that the more 
work a man’s mind has done, the more lie is able to do, 
and the belter he will do it. 

The obstacles which exist, even within the same neigh¬ 
bourhood mid the same Country, to the transfer of 
labour and capital from one employment to another, are 
of course aggravated, when not only t lie occupation but the 
neighbourhood or the Country is to be changed. Adam 
Smith states the common price of labour iu London and 
its neighbourhood to have been, when lie wrote, Is. lid. 
a day, and the usual piice in the Lowlands of Scotland 
to have been Hr/. u Such n difference of prices,’’ he adds, 
“which it seems is not always sufficient to transport a 
mail from one parish to another, would necessarily occa¬ 
sion so great a transportation of the most bulky commo¬ 
dities, not Only front one parish to another but from one 
end of the kingdom, almost from one end of the world, 
to another, as would soon reduce them more nearly to a 
level. After all that has been said of the levity and in¬ 
constancy of littmun nature, it appears evidently from 
experience, that a man is, of all sorts of luggage, the 
most ddticnlt to be transported.” Hook i. cli. vi. 

When we compare the wages of labour iu different 
Countries, we usually estimate them in money. Ami we 
are forced to do this for two reasons: first,"because the 
precious metals are the only important commodities uni¬ 
versally distributed throughout the world ; and, secondly, 
because they ore. the only commodities of which the 
value is every where the same, or very nearly the same. 
We should gain little information by comparing the 
number of pine-apples that can be earned in Java and in 
England by a week's ordinary labour. And still less by 
comparing the quantity of pulque earned by a Mexican 
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with the quantity of whisky earned by an Irishman. Volitic.il 
But money wages, though they measure accurately the Keunom y- 
value of national labour in the general muikei of (|, e 
world, afford a very imperfect test of the degree ut com- t I , ) ( '* lrllm * 
fort und convenience obtained by the labourer in dill',.rent w', lu |i- 
('ountries. Now it is this difference, not the d.tieivnec t..s!f 
in money wages, that leads him to change his residence; «'s r"i .mil 
and we can ascertain, or rather approximate to as tor- bj 1 '!* 1 1:1 
taming, these differences only by translating the money CuiiatiM. 
wages in different Countries into the commodities used by 
the labourer. The money wages of labour in North 
America are about one-third higher than in England; 
this is in some measure compensated by the higher price 
of manufactures. But as food, which everywhere limns 
the largest portion of the labourer’s expenses, is con¬ 
siderably cheaper than with us, the real superioi ity ot the 
American over the English labourer is greater than is 
indicated by the difference in their wages. We are told 
(Crawford's Embassy, p. 468) that n day labourer in Hen- 
gal can hardly earn £3n year. Notwithstanding tins 
low rate of wages, most manufactures are dearer there 
than in England. Food, of course, is cheaper; tor were 
it at the same price as the cheapest food in England, a 
family could not exist at about Is, a week. And it is 
obvious that in every Country the average wages of labour 
must be sufficient to support an average family. In 
proportion to the quantity of laud ami labour required, 
rice is, perhaps, the most abundant fond that the eaith 
affords. Rice, therefore, is the food of the Bengallee, and 
his wages, supposing them'to be ail laid out in food, would 
produce him about eight hundred pounds ; the same 
quantity of rice might be purchased here for about £10 
sterling. Estimated m money, therefore, wages in England, 
at JL30 a year, are ten times as high as in Bengal; esti¬ 
mated in manufactures, they arc more than ten limes; 
estimated in rice, they are about three times as high. 

In comparing the rate of profits in two Countries, this 
dilliculty does not exist; both the advances and the re¬ 
turns being always estimated in money, the apparent 
must be the real difference between the rate of profits in 
any two Countries. 

The great obstacles to the circulation of labour are 
difference of climate, distance of place, and difference of 
language. The first is by far the most powerful, and i« 
so great that there is little voluntary emigration of la¬ 
bourers to a very dissimilar climate. Difference of lan¬ 
guage seems often a greater obstacle than very consider¬ 
able distance of place. The advance of wages ob'ained 
by an English mechanic ill France is greater then lie 
can get by going to America; but ten go to Ameriec for 
one who will venture to France. Differences in habits, 
government, and religion are comparatively weak obsta¬ 
cles, except in those eases where the differences have 
caused an antipathy, making immigration dangerous. 

Few Countries differ more iu habits and religion than 
England and Ireland, or in government than Ireland 
mid the United States. Yet we know how great i- the 
emigration from Ireland to both those Count'irs. 1 11 
general, however, the physical and moral ob-iacles to 
the emigration of single labourers, or even ot bodies ot 
labourers, unless supported and directed by a very con¬ 
siderable copit'll, ore such that it seldom takes place, 
unless under peculiar circumstances; such ns tli.se of 
Ireland and England, or Ireland and America, where 
the temptation is very great, the physical ob-taclc only 
a passage of a lew weeks iu the one case, and a few 
hours in the other, and the language the same. 
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But the voluntary migrations of capitalists and la¬ 
bourers united, and the attempts by capitalists to force 
the involuntary migration of labourers, have been among 
the principal causes that, have advanced and retarded the 
improvement of mankind. To the fust class belong 
those hostile migrations in which a whole nation, in the 
hope of obtaining-a climate or a soil more favourable to 
production, has moved in a body to seize the territory of 
a neighbour. From the invasion of Egypt by the Shep¬ 
herd Kings to that of (Jreece by the Turks these move¬ 
ments have kept the inhabitants of the whole of our 
hemisphere in a constant fluctuation. Many Countries, 
and among them our own, have been so covered by suc¬ 
cessive strata of occupants, that no trace of the first 
settlers can be discovered ; in others, the poor remains 
of the aborigines are discovered, like the Helots of I.a- 
conia, the Fellahs of Egypt, or the Wheels of Hindustan, 
by their misery and degradation. Europe, in its present 
state, does not fpar these invasions. They could not be 
attempted by a civilized nation, nor, in the present state 
of the art of war, could they be successful a^niml one. 
But, until the improvement of military science and the 
extensive use of machinery in war, gave to wealth and 
knowledge their present superiority, these attributes seem 
to have been sources rather of weakness than of strength. 
The least polished people seem, on the whole, to have had 
the advantage. Cicero confesses the warlike superiority 
of the Gauls over the Ilomans. It was not till alter 
Gaul had become comparatively civilized that her mili¬ 
tary fame was recalled as a tradition.* A few centuries 
of peace made the Britons an easy prey to the Saxons, 
and the Saxons to the Danes. Under such circumstances 
the permanent improvement of the human race seemed 
almost hopeless. And if gunpowder had not been 
brought into use just at the time when those military 
virtues which belong to semi-barbarism were decaying, 
it appears probable that another irruption of barbarians 
might have brought back another middle age, in which 
Europe might have lost all that she gained between the 
Xllth and the XVth Centuries. 

Resembling in kind these migratory invasions, but 
very different from them in effect, have been those emi¬ 
grations on a smaller scale, to which we give the name 
of colonization; in which a portion of a comparatively 
civilized nation have gone out, with their knowledge and 
wealth, their material, and moral, ami intellectual capital, 
and settled in an unoccupied or thinly peopled district. 
It is a remarkable and a most unhappy circumstance 
that, notwithstanding the progress of political knowledge, 
the true principles of colonization have been less and 
less understood, or, if understood, less and less acted on, 
as civilization has advanced. The earliest colonies with 
which we are acquainted, tluwe founded by the Phoj- 
nicians and the (Hecks, seem to have been founded for 
the benefit of the colonists. They we e allowed to ap¬ 
point their own governors, to direct their own industry, 
nnd to manage their own concents; and they relied 
on themselves for their defence. They woe children, 
but emancipated children ; and their progress was in 
proportion to their independence. The Plimnician 
colonies in Africa and Syr.n. and the Grecian colonies in 
Italy, Thrace, Sicily, and Asia, scent quickly to have 
risen to nil equality with, or to have surpassed, their 
Mother Countries; to have obtained, in fact, all the 
wealth and power which their extent of territory, and 


the religion and knowledge of the times, made it possible 
to acquire. The Roman colonies scarcely deserve that 
name. They were generally formed by grants of the 
lands, the capital, and the persons of conquered Tribes, 
almost as civilized as their conquerors, to the armies or 
to the populace of Rome, as a reward for services in 
foreign or civil war, or for sedition ami riot in the forum. 
It may he a question whether they accelerated or re¬ 
tarded the improvement of the world. 

The colonies of modern Europe have been established 
partly for the benefit of the colonists, and partly, as it was 
supposed, for that of the parent state. The latter has, 
in general, contributed a part of the expense of outfit, 
and almost all the expense of protection against foreign 
aggression. She has also, in general, given to her 
colonies a monopoly, or something approaching to a 
monopoly, of her market. On the other hand, she has, 
in general, required her colonies to give to her own pro¬ 
ductions a much stricter monopoly. She has, in general, 
required her colonies to receive European productions 
solely from the Mother Country, and to export only to 
the Mother Country colonial productions. She has. in 
general, appointed the principal officeas, and interfered 
in the internal management of her colonies. She has 
not only prohibited the colonists from purchasing in 
any other market what could be produced in the Mother 
Country, but lias prohibited them from producing for 
themselves. She has peopled them with the refuse of 
her gaols, and governed them by (lie refuse of her aristo¬ 
cracy. The Court of Spain commanded the vineyards 
of Mexico to be rooted up; the English Parliament for¬ 
bade Jamaica to discontinue the slave-trade, prohibited 
the establishment of iron, woollen, and hat manufactures 
in our North-Americait colonies, and even now forbids 
the West Indians ^o refine their own sugar. Thu 
Mother Country dragged the colonists into all her wars, 
and, from their comparatively defenceless situation, 
exposed their trade to more loss, and their persons and 
property to more danger, than she encountered herself. 
And when the rising strength of the colony rendered 
these oppressions intolerable, no Mother Country has 
yet had the good sense to siihuiii quietly to a separation, 
which, even if it could have been avoided, rnL-lit have 
been desirable; and which, whether expedient or not, 
was inevitable. England, Fiance, Portugal, and Spain 
have all wasted, in the vain attempt to retain their 
colonies, ten times more wealth than was expended in 
founding them. 

lint, mismanaged as colonies have been, they have, 
without doubt, been one of the principal means by 
which civilization lias been diffused. 
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Ti.e separate attempts by independent capitalists to 
procure the voluntary emigration of labourers have 
generally liecn made on a small scale, and have been 
iiupiuti .ililf to the undertakers, in consequence of tint 
difficulty of compelling or inducing the labourers to 
perform thfir engagements, and work diligently at a 
rate of wages sufficiently inferior to the current rate of 
the colony to repay the expense and risk of the capi¬ 
talist. t?ir R. Wilmot Horton’s plans lor effecting 
emigration on an extended scale, and as a national 
undertaking, have not received the attention which the 
magnitude of the probable advantage, and the unwearied 
diligence and public spirit jaX its proposer, deserved. 
And the scheme for founding in Australia a colony in 
which the first price of all the land shall he employed in 


* Gitfhn in hefio Jlorut.uc uudirminn . 
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transporting labourer!--, lias not yet been submitted to 
the test of experience. 

TJte attempts by capitalists to force the involuntary 
migration of labourer.-, have been productive of almost 
unmixed evil. They produced, anil have continued, the 
abominable truffle in which man is the commodity;—a 
tratlic which, partly by its direct effects, and partly by 
the wars and general insecurity which are its necessary 
accompaniments, retarded more than any oilier cause the 
early civilization of Europe; lias Kept, and continues to 
keep, the greater part of Asia, and the whole of Afiiea, 
in hopeless barbarism ; and has divided the inhabitants 
of the most fertile portions of the Continent of America, 
and, until lately, those of almost all her islands, into two 
classes only, the oppressors and the oppressed. 

The transfer of capital from one Country to another is 
subject to less difficulty. When the exchange is at par 
between any two Countries, capital can be transmitted in 
the shape of money without any expense. And as 
the occasional loss which occurs when the exchange is 
against the Country to which it is to lie exported is 
compensated by the occasional gain when it is in favour 
of that Country, it may fairly be said that monied 
capital is transferred from Country to Country without 


expense. The chief obstacle is the unwillingness of Political 
capitalists either to trust their capital out of their own Eomom y- 
superintendence, or to encounter a change of cmern- 
incut, habits, climate, and language, by (icgompnnyiiio- t 1,l * Ulbu " 
it. Difference of language, however, is felt as a Migni la.'-qiiali- 
objection by educated men. Nor is ddfereae-' of i .. i,f 
government of great iiupoituiuc to those who pro-.o^e -. , s and 
only a tiausitory residence. The d.(Invitee indeed is }j!jj! l ^ i l | n , 
often considered an advantage. During the late war, [trie. 
London was filled by foreign capitalists who- e piincipnl 
motive was to escape tile tyranny of Napoleon. Ddler- 
cnccs of habits and climate are more material, especially 
the latter: but even these do not seem to counter¬ 
balance a great increase of profit. There is scarcely a 
port in the civilized world in which a considerable part 
of the nurcautilc class does not consist of the-natives of 
Great Britain. The inequality in the rate of profit 
throughout the civilized world is, therefore, much less 
than the inequality of wages. And as the general 
progress of improvement tends more and more to 
equalize tfie advantages possessed by different Countries 
in government and habits, ami even in salubrity of 
climate, the existing iueqoahties of profits are likely to 
diminish. 
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Unite..ts. Voi.nit u Kl'inom* defined as, The Sconce wl.ich treats of the N\- 
•j l ui:, tin* Puuin tui'N, and the distribution of Wr.Ai.m, I2i). 

Wealth defined, us compri bending all those things and those 
things only, which an* tianferab/e, HuuU d in a apply, and 
diiectly or indirectly productive />f pleasure or preventive of 
pain, or, to use un equivalent expression, which are susceptible 
of exchange, or, to use a third equivalent expression, which 
hive value, 131, 

Constituents of Wk \ l*i u 

1. Utility, 131. 

2. /. imitation in supply, 131. 

3. Transferubleness, 132 

Limitation in supply the most important, 133. 

Vai.uk defined as. The quality in any thing which Jits it to he given 
ami received i n exchange, 131. 

The intrinsic causes of the value of a commodity defined as. Those 
which give to it utility and limit it in supply. 

Tlie extrinsic as, Those which limit the supply and occasion the 
utility of the commodities for wlm.lt it id to he. exchanged, 134. 

Steadiness in value depends on the permanence of the intrinsic 
causes of value, 137. 

Objections to the definition of wealth considered, 137. 

Statement of th e. four elementary propositions of the S< irnce 

1. That every man di siren to obtain additional wealth with 

as little sacrifice as possible. 

2. That the population of the world t or, in other t cords, the 

number of persons inhabiting it, is limited only by 
moral or physical evil , or bu fear of a deficiency of 
those articles of wtalfh which the habits of the indivi¬ 
duals of each class of its inhabitants lead than to 
require, • 

3. That the powers of labour , and of the other instruments 

which produce wealth, may be indefinitely inert used by 
using their products as the means of further production , 

•1. That, agricultural skill remaining the same , additional 
labour employed un the land within a givm district 
produces in genera/ a less proportionate return, or, in 
other words , that though, with every increase of the 
labour bestowed, the aggregate^rtium is increased , the 
increase of the return is not in proportion to the in¬ 
crease of the labour, 139. 


Dcvelopoment of the first elcmentaiy proposition, namely, the ge - Contents. 
neral desire of wealth, 13*.). , 

Devclopciiu-nt of the second elementary proposition, namely, the 
musts uhich limit p'-vulalkn, 140. 

Production defined as the occasioning an alteration m the condition 
of the existing particles of matter , for the occasioning of which 
altriation, or for the things thence resulting, something may be 
vbt'iintd m f.is.hunge, 7Vu* alteration if a product, 1 ID. 

Products duided 'into services and coin in orb tics. A service is the 
art of occasioning the above-mentioned alteration. A commo¬ 
dity is the thing as altered , 150. 

Consumption defined us the making use of a thing, 131. 

Productive consumption defined as that use of a product uluch urcn- 
sircis an ulterior product. Unproductive consumption as that 
use ichich ominous no ulterior product, 151. 

Instruments of production :— 

Primary, 1. labour; 2. natural agents, 152. 

1. Labour defined as the voluntary exertion of f jdilg or 

mental faculties for the pm pose of production , ] 52. 

2. Natural agents defined as those productive agents •rktth 

do not derive their power,# from man , 152. 

3. Third and secondary instrument of production. Ab¬ 

stinence. Abstinence defined os the conduct tf ,4 
person who cither abstains fiom the unp/udw /<iv me 
of what he can command , or designedly prefers th • 
production of remote, to that of immediate, min ft, 

153. 

Abstinence,combined with one or both of ihe other two mstiuniiuts 
of production, occasions the existeuce of •opitul. ('ap tui de¬ 
fined as an article o f wealth, the rt iJt of human c.i non. un- 
play'd m the production or did/dado n of wea/.h. 157. 

Different modes m which capital may he employed. 153. 

Statement of the advantages dented fu*m the use of capital. 

1. The Use of implements, lf>fi. 

2. The division nf labour, 15*,). 

Under these heads the thud cleniuitary piop* sitii n ui 
the Science »s developed. 

Additional labour when employed m manufactures is ,n - e. wlum 
employed in agiicullure is less, ellicienr in propel 162. 

Dcvelupemcnt of.the fourth ekmcutaiv preposition id the Science. 

Distribution. 
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v m* m / prielors of natural ngmts, each class having a diiiiircnt instru¬ 
ment, a different conduct, and a different remunecation, ] 66, 
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Nomenclature applicable to the third class, the proprietors of 
natural agents, 166. 
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f W of production defined as the sum of the labour anil abstinence 
necessary la production, 170. 

Divided into cost uf production on the part of the producer, and cost 
of production On the part of the consumer, 170. 

These are the same, unless the production he subject to a monopoly, 

Monopolies divided into four kinds i— 

1. A monopoly under which the monopolist lias not tha 

inclusive power uf producing, hut exclusive facilities 
ns a producer which may he employed indefinitely 
with npial oi increasing advantage, 171. 

2. A monopoly under which the munupolist is the only 
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duce, 172. 
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1 71. 
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la the following Ewe^ we ehftlt first treat op 
nature and. properties of ttraber; ue shall then pre 
to the practical application of timber to Carpentry. ftnd 
to the principled and..praifttfee of. geometrical operations 
required in d : ifing drawing in order to effect the.con- 
struction of buildings in the easiest and moat Substantial 
manner. ; 

Variant Kindi and Properties erf Timber. 

Timber is obtained either from the thinks or brandies 
of trees. The trunks of trees approach to the figure of' 


„ ,., rch are more epsily wrought, fir T 

is. the most useful on account ofita durability ahd Th«general, 
strength, the straightness of its fibres, as also the ease ate ef fir in 
by winch it majhh fCrmed into various figure or cut iu tuiwin B- 
every direction. CWe shall tbefeforibriii^imr attention 
principally to this ijgtitta ojr timtiw r ,bqt'notrto that of 
the growth of our own Country,'which is hot only 
weaker, but roore subject to decay than .foreign timber. 

Ttmbeif is Imported into Britaih' from the North of 
Europe and fhw North America. European fir is 
distinguished Wthe- names of the. places from, which' . 
it is out; srfa; Hemet,, Dantxic, Riga, -Norway, Prussian,, 
the frustum of a cone not differing materially from that ' and Russian; ami,cornea under-the ferinei' of: baulk and 
of a cylinder, the difference bf the diameters at the ends deal timber. Baulk timber consists of the largest, square Baulk ton- 
being generally very .sfnail. 1 In order, therefore, to'de- bars which can be cut* from file .trunks bf trees, being far--, 
scribe the proptfties of timber .we shall suppose that;, generally from eig^t tqai*Wenujchea sqaare.ahti Sotrie- 
when it is cut into such tranks, the figure'Of each trunk times extending to saty fret in length or more. American ' 
is that of the frustum of a cone, of which the diameters baulk timber is of mach. larger growth'thsin European,. 
of the circular ends even of very long pieces 46 not differ being from two feet & tiro feet six inches squojr*,and its 
considerably. • length from twenty-fiva to fifty feet, or even’more,; ^ V 

When timber is split by any straight-edged iustru- Deals are rectangular bars from faro ,and_ a balTlo 
ment, the surfaces which are separated are very nearly three inches in thickness, and are also imported from •; 
in planes, and would pass through the vertex of the cone > America as well as front the North of Europe.’'European Their <li- 
were the upper part restored; and as the splitting may deals are from ten to twenty fret in length,' and from eight boadpus.' 
be made both in parallel and in transverse planes so as to eleven indies in breadth, and'Atnbri&n deal^sw?' 
to form ban which shall have the areas of their sections from ten to twelve fret in length, an d from hitieto efev.en' 
as small os we please, the bars may have their right Inches in breadth. The colour, of ffmberis : ei&ar red, frri , 
sections as' small as threads; such threads are called dining to yellow, or white, and totfrereftptrcalled ySfiiow..': 

Jibret, and timber which has. the property of splitting' and white fir accordingly, or sometimeSf^! ahd wMfafc ' 
into such small rectilinear parte ia said to 'be'straight The fir timber which is the moot eS|cemed in this 

grained. ' \ < Country is imported from Mantel Riga,,and Dantiie.. 

If two square bars of equal lengths and breadths be Norway fir also is much used for the ktfilar ttswbera 
cut from the same trunk or stem or a tree, the length of a building, and is extremely durable when expbaed . to 
one of the bars being id the direction of the fibres, the. the dr or kept under ground. Red and white pine are 
length of the other perpendicular to the fibres, the trade* imported from America. 

Deafer- are atpr writo' nworfilitffjffl. 

timber from which, tbey^aro euiti Ibe, best, European *» hoadhhf- ? 
deals are from Christiana. White dealt are also Imported 
from Ainerijca. Deals aim mostly toed in ; joinery. 

Yellow dirfit .lit considerably 1 harcldr than' white deal, tiwi 
being saturated with, turantipe:, jfcbegutrijgtated »*;- 
■ enduring, the wettbef.;. Whit#<dral from lte betogl***-. 
liable to shrinktban yellpW; i»‘ ; 'psspep for'-jw^ltnte- 

„ . • 

be ' enduring thfi weather, ■ ThcAmerioad VitiktefwiuClinm 


verse strength of the her, Of which the length ia in the di¬ 
rection of the fibres, woujd exceed Jbe transverse strength 
of the bar, of which the length is perpendicular to the 
fibres, several times; byjSome experiments the lon¬ 
gitudinal bar is thtefc timc^’as strong’ab the trans¬ 
verse bar. Moreover, £ timbef bair,. of which the length, 
is in the direction of tjie fibre*; will also rftsist Uwforce 
of extension or that bf compression with much greater 
effect than when the length is perpendicular or r'ique and the finiabingof 
to the fibres. Hence, since timber must' always be enduring thb weather. 


employed either to resist 
compressing forces, it 


transverse,, extending,. 


teyture, la.. 
'torjMtkij 


—— .—--Straight grainWsiad 

:> altrays .diyided ^ the c^e^ Jbr mMiajo^ tofi: WoKt« j 

airection.or me nores into bars of tenmis dimension*; the Ajr Kite ika) of America isyrijl 
and whenever the right aectioa is spokett of, this sectloo ; none of. the American firs ara'] 

will always bb. sfip|Ktesd A ^wpi^l'cular t| . ........ 

dinal arrises, or beiause the looglt»din^.arrhie# are Mtefam gfqWlh w<mi pak is the oioly.kiud which is U*»'trf.a»k,V' 

the directimtiof^ fibres; thirighf^tion'ii W l^b^fiorted. Horn 

. '- 1 ---—ir- parteof..<SfariMsny, as ateh ' • "v:*v'. 


DuraMlity 
ami sm ef 
oak. 


pendicutar tb,tihTfibteA; moreover,"Ifai 
gular, the dimmipmr; of tbe right section 

to the lengths of two ai^scehC (item 

is the right section of Jha bar, - .f 

Of timber materials oObe ls. more ddrat^; 
some- othersbowOw^Hie'-'esr— 
work, an4,arm4£«t^§f»s pmp 

von, n \ . '-*X* 


He 

■-ivn 
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.. .Imported is -mdled MtefnMsA 

, ^ fina|^h,1|uid beiDg generally free from ' ' 

htorp eariljr wrought .than our tarn oek^ii' 
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same length and breadth as tjie deals front which they 
are cat by means of the pit-saw Oars thus cut. from 
two to seven inches in breadth, and from half an inch 
to two inches in thickness, are called battens. Mars from 
seven inches to any greater breadth, and from half an 
Inch !n two inches in thickness, arc called board*, and all 
boards above nine inches in breadth are called planks. 
Bars are sometimes so cut. that their right section is a 
quadrilateral or tour-sided figure, of which two opposite 
sides arc not only unequal, but the greatest is very’small 
compared to cither of the other two ; such boards are 
called feather-edged boards, and are of.the same breadth 
aud thickness as those which are rcclangvdar. There 
are oilier names belonging to deal timber when cut 
into boards, as half-inch, three-quarter inch, iuch, &e. to 
two-inch deal. Whole deal board » art* those which arc 
one inch and a quarter thick. Slit deal are hoards made 
by dividing a three-inch deal by five cuts of the pit-saw 
into six boards ; thinner boards arc called veneers. 

When deals or other timber bars are divided into 
boards of the sarrfc breadth and length by means of the 
pit-saw, the surfaces of these boards arc very liable to 
change in various parts, from a plane surface, as was in¬ 
tended, to vaiious curved forms. 

Though bars and boards may be selected of a texture 
apparently uniform, the far greater number contain knots 
at the points in which the branches begin to issue from 
the free, and these knots are attended with a coiling of 
the fibres round each ; the wood of such a bar or board 
is called car!in" stuff. The term stuff' is a very com¬ 
mon expression with workmen lor any material they 
may lime to use as timber, &c. Clean stuff is that which 
is without knots or snpwood. Free stuff is that which is 
eleati, and works in the operation ol planing without 
tearing. Frowy stuff is a piece of timber or board of a 
soft texture, and with hrittle fibres. 

Timber after having been cut into various rectangular 
bars, when exposed to the weather will contract in breadth 
and thickness; but after a certain time, in a uniform 
temperature, will cease to become less. This contrac¬ 
tion arises from the expulsion of the natural sap, and 
may be promoted by various menus; but whether by 
Nature or Art, a piece of wood or timber having under¬ 
gone this change is said to he seasoned. 

The surfaces of all rectangular liars, though they may 
have remained correct after having been cut or divided, 
will be very liable to change in seasoning, so as to be¬ 
come concave and convex in various directions, and thin 
bars will be more liable to this change than those which 
are thicker. 

When any face of a board or piece of timber is a 
quadrilateral, and when the surface is concave between 
two opposite corners and convex between ihc other two, 
the surface is said to wind, or to he winding. 

Such a form of surface is also said to warp, and the 
efTect is called warping. Some woods are more liable 
to warp than others; thus American white deal is more 
liable to warp than that from the North of Europe. The 
warping of limber is occasioned by some of the fibres 
being in a state of tension, and others in a state of com¬ 
pression ; circumstance* which arise from the. nnequal 
exposure of timber in a growing state to the weather, 
and from knots and other irregularities. 

Timber, in the act of seasoning, is not only subject to 
bend and warp, but is also liable to rend in various 
places. Timber which is thus partially split is said to 
be snaken. This disagreeable effect inay lie often pre¬ 


vented before the timber is used by being careful in the Can'cnjy- 
seasoning ; and after it has lieen put to use, by painting 1 

the exposed surface immediately with two or more coats 
of oil paint, 

A piece of litnber properly seasoned is not liable to 
warp, or to change its magnitude in any considerable 
degree; and besides, its stiffness and hardness will be 
greatly increased. In [this state it is best adapted to 
every purpose of building. Timber is contracted in 
breadth or in thickness in passing through the various 
degrees of change from moist or dry weather, and ex¬ 
panded in passing through the contrary state ; but 
whatever variation takes place in a direction perpendi¬ 
cular to the fibres, the change of length in the direction 
of the fibres themselves will lie almost imperceptible. 

A piece of timber may he compressed in a direction Comprcs- 
perpendicular to the fibres; so that after the compress- * um *’ f 
ing forces arc taken away, it will he greatly reduced in unK ' l ‘ 
breadth or in thickness, but very much increased in 
hardness. No compressing forces, however, can he 
employed to shorten its extension in the direction ol the 
fibres, in any sensible degree, without crushing or crip¬ 
pling the fibres. 

Another valuable property which wqod possesses, is T\e of chic, 
that two or more pieces may he. connected together by u\i "'■■■>.; 
an intermediate substance called glue. The two pieces _ 
thns connected will acquire u degree of adhesion equal u ‘‘ 
to that of the wood itself in separating the fibres longi¬ 
tudinally from each other; and thus two or more boards 
may be joined edgeways, so as to foini a smliice to 
any extent,of breadth which may be required. Ii must, 
however, he observed, that whenever two or more pieces 


of wood are glued together, they must not lie exposed to 
a damp situation; and therefore mild always he under 
cover to protect them from the influence of the atmo¬ 
sphere.* No boarding, however, of this description can 
be mode so that one of its surfaces may (ill a permanent 
inelosurc, or surrounding border, or frame, from the 
shrinking of the titnlier in its transverse direction ; and 
if a board thus glued together lie fastened along its two 
longitudinal edges, (supposing the surface a rectangle,) 
it will he liable to split, and the exposed suilace wdl he 
liable to change from its first position. 

A series of hoards placed together, so that the edges 
may join each other, and that a right line, or straight 
edge, stretched along the whole may coincide with the 
surface of any board tints joining, is called a plane off 
boarding; or, more generally, common boarding. 

A most useful property of timber is, that a spike or tv-of n u;-. 
nail of considerable thickness inay he driven into a piece iu.i ming 
of wood of sufficient substance to a considerable depth, or tm-ber, 
even through its whole breadth, without splitting it, hiuI 
without having any other effect than merely compressing 
(he fibre* on each side : and the adhesion of the nail or 
spike thus driven is so strong as to require very great 
power to extract it. 

Timber ex posed to the action of the atmosphere is 
subject to speedy decay by rotting ; the period of its 
duration may, however, be greatly prolonged by painting 
its exposed surface with two or more coats of oil paint; 
but, previously to the operation of painting, if the sur- 


* Unices the glut* be made iA the following moaner it will not 
endure the weather. Mix with the glue white lead and Unsocd oil 
in a leaden pot, which is considered the best for the |iuqinte, and in 
this vowel boil them a sufficient time; and tha compound of these 
materials th’is prepared will l« found to answer the pui-joses, apply¬ 
ing it in the same manner as liefure described with common glue. 
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Carpentry, face lie covered with two or more coats ofTmseed oil, until 
the wood become saturated to a considerable depth from 
the surface, this lust process will greatly extend its 
period of duration. 

Hoards may be bent upon a curved surface, or upon 
several bars of wood';'of which the edges are arranged 
in a curved surface by means of nails. 

How timber Timber bars may also be bent by being brought 
jsleiit. into a pliable state either by boiling or steaming; and 
in this slate, if sufficiently softened by the operation, 
they may he bent, so that the linear edges may form 
plane curves, to a certain degree of curvature j but, 
however pliable the state, to which the timber maybe 
reduced, it is very difficult to bend a bar so that the 
linear edges may form curves of double curvature. After 
a piece of timber has been thus bent, and become cold 
and sufficiently dry, if it be taken off the mould, the 
curvature will be lessened in a small degree; and if 
the cuds of the piece are not confined, it will still con¬ 
tinue to unbend, as it endeavours to regain its rectilinear 
direction. 

The solid materials fitted for building are stone, 
brick, metals, and timber. In comparing two square 
rectangular burs of equal length and of equal breadth 
upon each side, the one bar being of stone and the .other 
of timber, (we shall say of yellow deal,) then, whether 
these bars be employed to resist the force of tension 
or compression, or a force transversely applied, it will 
be found that the timber bar is the strongest; lienee, 
yellow fir is preferable to stone when used either as a 
tie or a straining bar, or to sustain a weight or pressure 
acting transversely. Timber is lighter than stoue, and 
therefore throws less stress upon its bearing supports. 
Tiiii'iei. Moreover, bars of timber can be procured in lengths 
vastly greater than that of stone, and therefore in this 
tl''iu iiirJe T rt ' s l )ccl morc accommodating to a great extent of bear¬ 
ing ; and not only so, but to form bars of stone would 
be much more expensive than those marie of Umber. 
Timber is not only preferable to stone in resisting pres¬ 
sure, but also in resisting percussion. The use of brick 
in resisting a transverse strain, or the force of extension, 
is altogether out of the question. As to metals, iron is 
the strungi st of those that are sufficiently cheap for com¬ 
mon use. Iron bars me stronger than wooden bars of 
the same scantlings in any of three modes of applying 
j lowers ; but yellow fir is stronger and cheaper than iron, 
weight for weight; on this account, therefore, it is more 
economical, and consequently morc generally employed. 

Iron has, however, some properties which timber does 
not possess; viz. that it can be easily bent iuto curves of. 
every degree of curvature, or even formed into the most 
ucule angles, without the strength being sensibly im¬ 
paired; but straight-grained timber can be bent only 
into a small curvature; and in no case can a single piece 
of such timber be formed into nu angle without weaken¬ 
ing the piece by cutting it across the fibres; neither can 
two bars of straight-grained timber be joined so as to 
form an angle, which will not be much weaker at the 
joint than in any other section of each of the parts. 

Use of iron Thus it is that iron becomes a useful auxiliary in 
iu building, semiring the joints of timber framings either In the form 
of straps, bolts, spikes, or nails, or by any combination 
of these. Iron is, therefore, a most essential material iu 
the constructive parts of Carpentry. 

Compnrn- Though timber is more generally employed in this 
timber and Country tt,au iron, owing to the cheapness and the great 
nun. ease by which it is wrought, the adoption of the one or 


the other of these materials will depend upon the pm pose Carpentiy. 
to which it is to be employed. If the object be to l, mn ‘ > 
such a construction as shall be proof against fire, as aUo 
to be of small dimensions, or of small thickness, or even 
of the same thickness when great rtreugih is necessary, 
and when the weight is not an object, iron must in this 
case be preferable to wood. In the introduction of iron, 
however, it will be of some advantage to remember the 
following observations. 

All tneials arc subject to variation from the extremes Expansion 
of heat and cold ; for they are expanded by heat and a,ul «"*• 
contracted by cold proportionally in all their dimensions. ,r ‘ ut 'o“c f 
Moreover, it on, when exposed to the action of the 2 C oij. e& 
atmosphere, is soon brought to a ruinous state by de¬ 
composition. These rapid effects of destruction may be 
greatly retarded by paiuting the exposed surface several 
times over with oil paint. 

To resist impressions by violence cr accidental force, 
wrought iron is both cheaper and betti r adapted than any 
other material. Cast iron', however, is better calculated 
to resist oxidation than wrought iron; and therefore, for 
many purposes is preferable, particularly in bending 
stone work together With respect to timber work 
wrought iron is preferable to cast iron, used as fastenings, 
in the form of straps, bolts, nails, &c. 

Preliminary obiervalions. 

In order to have a complete understanding of the 
adaptation and applications of different materials to build¬ 
ing purposes, particularly that of timber, and of the 
proper'forms into which it may be-cut, it will be neces¬ 
sary to describe the figures of buildings as will at the 
same time be both convenient and cheap, and which, if 
required, may be susceptible of elegance and decoration. 

It is not only economical that every floor should be Must econo- 
level, but a level position is also the most easy for walk- ,aical . f°. nn * 
ing upon; and becauseour position in walking is vertical, uf buildmg. 
the surfaces also of all walls within rooms ought to be 
vertical, at least to a certain height, in order to occupy 
the area of the floor to the most advantage; moreover, 
the laws of gravitation require tiie surfaces of walls to 
be vertical. In economical buildings, plane surfaces arc 
easier to execute than any other; hence in this case the 
figure of every room ought to be that of a right prism, 
of which one of the ends or bases is the plane of the 
room, and the other end is the ceiling, aud of which the 
sides are the surfaces of the walls. Hence the plan of 
every room ns regards convenience and economy ought 
to be a rectilinear figure or polygon, and all the faces of 
the walls, which are the sides of the prism between the 
cuds, should lie rectangles. ' 

When a building consists of two or more rooms, in 
order to occupy the least space and to use the fewest ma¬ 
terials, the wails or partitions between them ought to be 
equally thick; hence every wall, whether exterior or in¬ 
terior, ought to be comprised between parallel planes. 

Among all the figures which may be given of the plan 
of a room, a rectangle is the most convenient for furni¬ 
ture and accommodation; therefore since every rectilinear 
figure, of which every two adjacent sides form u light 
angle, may be wholly divided into rectangles of equal or 
of various dimensions and pioportions, the subordinate- 
rectangles will constitute the piaus of the 100 ms aud 
division walls. 

A building upon a rectilinear plan having every two 
adjacent sides reciprocally perpendicular to each other, 
forming a right rectangular solid figure, is better oJaptcd . 

. 2 t i 
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rpontry for subdivision than one of any other figure, as not only 
' being the least expensive upon the whole, but as every 
room is more convenient than one of any other figure. 
For walls which are oblique to one another require more 
materials at their junction, and are therefore more ex¬ 
pensive ; and they are not only weaker than those which 
are at right angles, but they introduce forms which 
ure inconvenient for furniture. 

Therefore to execute a building at the least expense, 
and at the same time to be the most convenient in 
respect of accommodation and communication, all the 
dihedral angles of rooms should be right angles ; hence 
all three trehednd angles ought to consist of three plane 
angles, all which are right angles. Therefore any two 
distinct surfaces whatever, must either be in the same 
plane or in parallel planes, or in planes reciprocally per¬ 
pendicular to each other. Hence any two distinct lines 
formed ai the meeting of these planes must be right 
lines, which are either.in the same riglitline or in paral¬ 
lel right lines, or in right lines reciprocally perpendicular 
to each other ; moreover, in any such right line and in 
any plane, the right line will either be in that plane or 
parallel or perpendicular to it. 

Because the plans of all walls and partitions are com¬ 
prised between parallel lines, and because planes pass¬ 
ing along parallel lines are also parallel as well as the 
lines, the substance of every wall and partition carried 
upon these planes is comprised between parallel planes. 
Moreover, as the surface of a floor for walking upon is 
more convenient and less expensive in a horizontal than 
in nu inclined position, and since in economical build¬ 
ings every room is the figure of a right prism, of which 
the floor is one end and the ceiling the other ; therefore 
as the floor is horizontal the ceiling also must be hori¬ 
zontal ; and as it is convenient in every story of a build¬ 
ing consisting each of two or more rooms,’ that all 
the floors of these rooms should lie on the same level, 
therefore the substance of the division between two adja¬ 
cent rooms, one immediately above the other, is com¬ 
prised between parallel planes, the upper plane being 
the floor of the upper room, and the lower plane the 
ceiling of the lower room; hence the substance of all 
exterior walls and divisions of rooms ought to be com¬ 
prised between parallel planes, whether the surfaces are 
horizontal or vertical; and generally, os all rectangular ■ 
apertures receding from vertical planes having each two 
sides perpendicular to the horizon, and consequently the 
other two parallel, tire not only cheaper to form, but the 
figure is more congenial to the shape of the room than any 
other; it is for this reason that rectangular apertures 
are more generally adopted than any other form what¬ 
ever. All the meeting lines of vertical surfaces, whether 
external or internal, being right lines perpendicular to 
■ the horizon, are much more easily executed than curves, 
and 'consequently are cheaper. All the ceilings and 
floors of buildings, as regards convenience and economy, 
must be parallel to the horizon. The substance between 
the apparent surface of the ceiling of one room and the ap¬ 
parent surface of the floor next above is comprised be¬ 
tween two parallel planes, as well as the substance of walls 
and’ partitions. Moreover, the floors and ceilings of 
rooms, the soffits of the apertures of doors and windows 
Sn economical buildings are parallel to the horizon. 

It is therefore from motives of economy and conve¬ 
nience, that the far grenter part of buildings arc con¬ 
structed as here described, Hence whenever buildings 
or rooms .ore mentioned, though the plan may be of any 


figure whatever, it will always be considered as a rcetan- Carpentry, 
gie unless otherwise defined. This, is the reason why '-“■v*"-'' 
timbers are generally divided longitudinally into rectan¬ 
gular bars; for if the right section of any timber bar be 
required of any other figure, it is most convenient to 
form such a bar from a rectangular one; but bars which 
require to be of a different figure in their sections will 
scarcely occur in any part of such building except in the 
margins or iu the several sides of n roof. 

All the parts of u habitation which appear to the eye 
are called apparent surfaces. These apparent surfaces 
ought to be plane figures. 

Every material used as a covering, in order to possess 
sufficient strength and continuity, must have such thick¬ 
ness as is requisite to preserve the apparent face in its 
due form. This thickness, iu the covering of roofs, is the 
distance between a plane containing the arris lines of" 
the courses, and the plane of arrangement which contain 
the under laces of the boarding and the edges of the sup¬ 
porting timbers; in partitions and ceilings the thickness 
of the covering is the thickness of the lath and plaster 
together, which is equal to the distance between the ap¬ 
parent face of the plaster, and the plane containing the 
edges of the supporting bars; and it* the boarding of 
Hours, the thickness of the covering’is the distance be¬ 


tween the surface for walking upon and the plane con¬ 
taining tlie edges of the supporting burs and the lower 
face of the boarding. 

Surfaces to cover hypethral apertures in order to shut 
the interior, so as to effect the stoppage of rain and in¬ 
clement weather, as also tlie lapid discltarge of water 
generated by rain or snow, amt at the same time to be 
both beautiful and cheap, ought to be constructed in in¬ 
clined planes. 

As no apparent surface can exist without substance, 
we shall call the material, whatever it may be, by tlie. 
simple name of covering, or by the compound names of 
covering substance, or covering material, which will al¬ 
ways l»e supposed of uniform thickness. 

Every covering will therefore be comprised between 
two parallel planes. We shall call the plane of this 
covering opposite the apparent face, the concealed face 
or invisible face. 


Of frail Timbers. 

All the operations in economical buildings are con¬ 
structed for the purposes of, supporting the apparent 
coverings, in whatever posit^u or situation they may 
occur; the materials.should therefore be of such strength 
as will enable them to resist the accidents to which they 
may be exposed. 

The exterior walls being carried up between vertical 
surfaces, will be best constructed with solid and weighty 
materials, such ns stone or brick bedded in mortar, as Applica¬ 
ble more weighty the materials are, the more capable will of 
be tiie walls of resisting the pressure of heavy winds and ,>rK * dnJ 
teinp< sts, and their position, if they are sufficiently thick, * ° UK " 
will prevent the possibility of their lulling either to the 
ono side or to the" other, and thus it will iie impossible 
for them to produce any lateral pressure; but on the 
contrary they will be able, if sufficiently thick, to resist 
any proposed lateral pressure whether applied upon the 
one side or upon the other. 

Partition walls are often built with brick or stone bed¬ 
ded in mortar, particularly when it is required that they 
should contain chimnics. In such cases, where cheapness 
and tlie saving of room is required, partitions may be 
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Carpentry. constructed of Umber work adopted to support a cover* 
ing- on both sides of lath and plaster. Such a construc¬ 
tion of timber becomes necessary whenever the floor 
under the partition is unsupported from below, except 
under the vertical extremities of the frame. 
r<o of tim- Therefore the principal objects to which timber is ap- 
iwr i» build- plied in buildings, are the framings tised in supporting 
the coverings of parUtions, floors; ceilings, aud roofs. 

Timber is also applied in exterior walls; thus long 
pieces of timber, (piles,) and sometimes planking are 
used in bad foundations ; as also for the greater security 
timber bars (sleepers) are laid transversely at short in¬ 
tervals under the foundation, extending about two feet 
Lintels, wider. Other timbers (lintels) are laid horizontally over 
■ the apertures of doors aud windows to support the super- 
bond t'nfc-jncmnbent part of tile wall. Other timber bars (bond or 
ln-i, ami c h a i, t (imber) are built into the walls ill order to prevent 
waljiln'es. settlements; and others again (wall plain) are inserted 
in Older to give a firm support for the timbers of the roof,' 
and those of the floor or flours when such occur iu the 
Wnod building; besides these, pieces of timber (wood brick * or 
I'.itAs. plugs) are built or driven into walls for supporting the 
timber bars to which the laths for sustaining the plaster 
is nailed, and for tfce convenicucy of fixing the finishing** re?- 
<]uired in Joinery. Ronrl limbers, wall plates, lintels, and 
wood bricks, should always be laid in walls in a hori¬ 
zontal position with two (aces parallel and two faces 
perpendicular to the horizon, and with one of the verti¬ 
cal liices parallel to the faces of the wall. Ilond timbers, 
in order to be the most durable, should be made of oak, 
and they ought to be placed in the middle of the thickness 
of tiic wall, ami not to litive either of their two vertical 
faces iu the interior face of the wall, us the shrinking or 
decay of the timber will greatly weaken the substance of 
masonry or brickwork, and thus will hasten the destruc¬ 
tion of the fabric. Ronds made of east-iron, with one 
face flush with the interior face of the wall, and with 
holes at regular intervals for plugs, would not only be 
proof against fire, but would add greatly to the.strength 
of the wall. After the stone lintel has been laid over 
the aperture of a window or door, the remainder of the 
breadth between it and the inside of the wall may be 
covered with wooden lintels, in order to save the expense 
of iron or of a stone arch. The thickness- of wooden 
lintels ought to be as many incites as the bearing dis¬ 
tance is in feet. 

Timbers inverted in a wall, or iu walls for supporting 
the ends of the horizontal timbers in a rook or those 
for supporting the ends of the timbers in a floor, are 
called wall plate*, and are employed in order to distri¬ 
bute the pressures of the timbers which they support 
upon the walls. Without wail plates the masonry or 
brickwork would be liable to be crushed under the ends of 
the timbers, which would net partially, aud thus dislocate 
the parts underneath ; one of the vertical faces of every 
wall plate should be flush with the interior surface. 
The sizes of wall plates will greatly depend upon the 
thickness of the walls, and the weight, of the timbers 
which they have to sustain. In thick partition walls of 
stone or brick, the wail plates should be dojible upon 
each such wall, mul their upper faces as well as their 
lower faces ought to be level. 

The greatest care, however,-must be taken not to 
place any Umber inserted in a wall, in whatever office 
thut timber is to serve, nearer to a flue than nine inches; 
and if it be necessary that timbers should be placed, so 
that they would fkil upon flues, the ends must be cut 
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off, and cast-iron ends most be fixed to the timbers, and CVn' entry 
these must be supported upon cast-iron wall plates or 
■ templates.* 

Construction of Floors. 

When any room in the basement story of a building 
is intended for living in, a boarded floor will be found 
the most comfortable; and as boards cannot He solid 
without being fixed to some material or other, and as 
timber is the most convenient for the fixing of timber, a 
row of timber supporting bars, laid upon dwarf walls, or 
upon props of stone or brick piers, is generally em¬ 
ployed for the fixing of the boarding; the supporting 
bars for this covering are called groupd joists. 

In a house which consists of two or more stories, the 
timber work which is necessary for supporting (he cover¬ 
ing of. the floors for walking upon or the coverings of 
the floors and ceilings together, is called naked flooring, Naked 
and by some writers carcase flooring. To accommodate fljomiij • 
rooms of various dimensions, naked flooring consists of 
two different kinds. 

One species of naked flooring may be constructed with 
a row of timber bars, wiiich at once supports the floor 
for walking upon and the ceiling of the room below. 

This description of naked flooring, which is the most Single 
simple of any, is called a single joist floor. joi-t floor 

When the building lias been carried «p+ nearly to 
the clear height of the story, the inside of the walls 
must be levelled, so that when the wall plates come to 
be laid, and (he ends of the joists upon the wall plates, 
as also the ceiling fiufahed, and the floor below is 
completed for walking, upon, the clear height of the story 
may be equal to that which it was intended to be; then 
if another story be intended, after having laid the wall 
plates, and the joists upon the wall plates, the walls 
must be again carried up, by previously building upon 
the wall plates in the interval between the ends of the 
joists, so as to fill up every cavity to the level of the lop Beam 
of the joists. This operation is called beam filling. tillutg 
Another mode of constructing naked flooring is to 
support the supporting timbers by another stronger row 
of timber bars laid upon the wall plates. The timber 
bars of the row thus laid, are so notched upon the wall 
plates as to prevent the lubbers being drawn utf the (op of 
the wall plates, and therefore from being drawn out of the 
walls, by pulling the timbers in a direction of their length, 
without either tearing the ends of the timbers or the wall 
plates. These notching*, as well, as the operation - of Cocking* 
training them, are called cockings. 

The building is generally roofed in before the sup¬ 
porting bars ate laid, and when they are laid their ends 
do not penetrate or enter into the thickness of the walls, 
as the row of timbers upon which they are laid, but only 
abut upon the interior thee of each opposite wall. The 
sujiporting bars and the bearing timbers which support 
them are notched into each other, so that the supporting 
and bearing bars may be comprised between two hori¬ 
zontal planes, of which the distance is less than (lie 
smn of the'depths of one of the bearing timbers and 
one of the supporting bars. Each of these rows of 
timbers is called joists; the lower row of bars, or bear¬ 
ing timbers, is called binding joists; and the upper Binding. 

_\ ' ' ‘ ' ’ ‘ ■ 

* For an explanation of this term, see pottea. p. 235. 
t Walls ore said to bo carried up when Ihey tiro built to ooy re¬ 
quired height. The terms bring up and brought u/> ore ..Iso <‘* l 'd 
tor building up and limit up. 
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Carpentry., row. or supporting bars of the covering, is called 
bridging joists ; moreover, ilie construction of naked 

SHf floorin S '* caIle ' 1 a bridged floor. 

‘ In order that the timbers may have equal bearings, 
and that they may have the utmost advantage ip point of 
* strength, and in economy, materials, and workmanship, ns 
also io render them convenient for joining one another, 
and for fixing the coverings, two faces of every two joists, 
whether in the uppej or lower row, ought to be parallel 
to either face' of two opposite walls or sides of the room, 
and all the intervals of the binding, as well as those of 
the bridging joists, should be equal to each other. In 
substantial works, the supporting bars, whether in a 
bridge floor or in a single joist floor, ought not to be 
more than one fixd from centre to centre, that, is in every 
two adjacent joists the distance from in to out ought 
not to exceed one foot, 

It is obvious that in bridged, naked flooring, the 
transverse strength of the bridging joists by a force 
acting in the middle of one of its hearing distances, (that 
is, between two binding joists,) should not be greater 
than the strength of a bridging joist and the binding 
joists, supporting it by a transverse force acting in the 
middle of the area comprised by the four sides of the 
room. Hence it is evident, that the binding joists ought 
to be placed at much greater intervals from each other 
than the bridging joists. Therefore, owing to the great 
distance between the intervals of the bridging joists, the 
lath upon wiiich the plaster of the ceiling is laid being 
■very thin, cannot be attached to the under edges of the 
binding joists, without being too weak for sustaining the 
plaster. Therefore, to render the laths of sufficient 
strength, another series of supporting bars for the lath 
and plaster may be introduced and placed at such inter¬ 
vals as will render the bearing distances sufficiently short 
to give the degree of strength required. The timbers thus 
introduced are called ceiling joists. The ceiling joists 
are either nailed upon the binding joists, crossing tw o or 
more, or even extending from wail to wall in one length; 
and to save room they may be notched, so as to make 
shorter nails answer the purpose of fixing them to the 
biuding joists, which ought not to be notched, as they 
have to support the two coverings' viz. the boarding for 
walking upon, and the ceiling of the room below; or in¬ 
stead of extending the ceiling joists across the timbers, 
they are sometimes let into the binding joists so os to be 
very nearly flush with the lower edges of the binding 
joists, and thus the thickness of the binding joists and 
bridging joists may be comprised between two horizon¬ 
tal planes, of which the distuuce is very little more than 
the depth of a binding joist. This mode of fixing the 
ceiling joist is not so strong as extending them over the 
binding joists, which, however, is much more expensive. 

Thus in a bridge floor we have a compound frame, 
consisting of three rows of timber bars, all called by 
the general name of joists, of which each row of sup¬ 
porting bars or joists is supported by the binding joists, 
which constitute the middle row. 

These rows in economical buildings have all their 
vertical surfaces in planes which are either parallel or at 
right angles to each other,, as well as to the interior faces 
of the walls of the building. 

; Sometimes, however, the walls are at so great a dis¬ 
tance from each other, as to cause the entire distance lie- 
tW*&i two honaontal planes, which will just com prise the 
thicknegsOfthe naked flooring, to be so great, as to render 
the binding joists too weak. Therefore, in order to fur* 
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nish shorter bearing distances for the binding joists, one Csrpculry. 
or more rectangular timber liars, of the largest scantling v -“v—-' 
which can lie found, are introduced instead of walls for 
supporting the ends of live binding joists, and are called 
girders. The girder or girders ought to divide the length Girders. . 
of the room into two or more equal intervals, and their 
surfaces ought always to he comprised between the 
parallel planes which comprise the naked flooring. 

The part of a bridged floor comprised between (wo Buy of 
adjacent girders, or betweeu a girder and the wall, in juisting. 
clear space is called a l>ay of joining, that in the clear 
of two girders is called a ease bay,- and that in the clear Case and 
between a girder and tile wall is called a tail bay. More- tail **»)’"• 
over, when there are no girders, the bridging and ceiling 
joists between the hindiug joists in the clear, or between 
a binding joist and the wall in the clear, ure called n bay 
of joisting. A bay of joisting between two binding 
joists is called a case bay, and that between a binding 
joist oiul the wail is called a tail bay. 

Girders are supported by short pieces of timber 
placed under their ends, which are inserted in the wall. 

These short pieces of timber, called templates, ought to Template*, 
be of sufficient length, to distribute the pressure of (lie 
girders to u considerable extent along*he wall or walls, 
because the entire weight of the floor will press upon the 
templates. 

We shall call Ml the limbers which derive their sup¬ 
port immediately from the wall, whether they are placed 
upon wall plates or upon templates, by the name of 
bearing timbers. All bearing timbers ought to lie snp- 
|«>rfed at their extremities upon the two walls, which 
are in the direction of the length of the room; hence in 
a single joist-floor the length of the joists should be laid 
in the breadth of the mom, and thus the direction of 
the boarding will extend m the length : in a bridge floor 
(sometimes called a doable floor) which has no girder, 
the binding are the bearing timbers, therefore the direc¬ 
tion of the binding joists ought to extend in the hreadili 
of the room, as also the boards which form the covering 
or floor for walking upon ; moreover, in a bridged floor 
with girders, the girders are the bearing timbers ; hence 
their direction ought to extend in the breadth of the 
room, as well as the bridging joists; therefore, the 
binding joist and boarding will extend in the length. 

It is obvious that when the plane of a room is square, 
the strength of the timbers can never be affected, whether 
they are placed parallel to one side of the room or to the 
other; hence in such a case as this, and when there are 
more than two or more rooms upon a floor, the choice 
of the direction of the timbers will be influenced by 
the direction of the timbers iti the other floors, or by the 
direction of the boarding. When the direction of bear¬ 
ing timbers extends over two or more rooms, they will be 
much stronger if they extend in single lengths over both 
openings. 

Wood will resist cither by compression or extension, 
therefore in a building consisting of two or more stories, 
the walls will be greatly strengthened by the timbers, 
and will consequently be more capable to resist the pres¬ 
sure of heqvy winds or other accidental forces; hence, 
with such assistance, the walls will not require to be so 
thick as independent walls of the same height, As 
a further contribution towards the strength of the build¬ 
ing, the wall plates in very substantial buildings are 
often fixed to each other at the angles, and the two wall 
plate*, which are thus joined, are again joined by a third 
bar of timber fixed at each end to each of the other two. 
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Carpentry, at equal distances from the joining of the two wall 
''—►v'*—'' plates; the three timbers thus joined, encloses a space 
in the form of a right-angled triangle, the two sides 
biagonal which are perpendiculur to each other being equal. The 
tic or angle piece of timber which is opposite the right angle is 
kruco. called a diagonal tie, or angle brace. 

Floors are generally interrupted by one qr more cir¬ 
cumstances : every comfortable room must have a fire¬ 
place, and whenever a building consists of more than 
one story, a stair will be ncoessary to pass from the one to 
the other. For the safety of the building, in order to 
prevent its being liable to burning, no joist nor girder 
ought to be placed near to a fire-place, nor to enter any 
, wall containing flues opposite to the ends of the timbers. 

, But from whatever circumstance bearing timbers are 

, „ interrupted, instead of inserting the ends of the timbers 

they are generally cut oif, and the ends thus cut off are 
framed or fixed to a timber bar, and the ends of the 
timber bar are fixed to the two adjacent joists, which 
Various remain uncut. The timber bar which sustains the ends 

kimls of of the joists is’called a trimmer, an/1 the two joists which 

trimmers, support the trimmer are called trimming joists. When 

the trimmer is opposite to flues it is called a tail trimmer, 
if op|x>site to a fire-place it is called a hearth trimmer , 
and if to make way fur a stair it is called a stair trim - 
tner , which forms the margin of the lauding. Tail 
trimmers are generally brought close to the wall; but 
hearth trimmers, on-account of the marble slab which is 
necessary to protect the fire from the timber work, are 
fixed at some distance from the surface of the adjacent 
wall. 

As the slab which forms the hearth requires a sup¬ 
port, the space tinder the hearth between the trimmer 
and the wall must be filled with something in order to 
support the slab; and, since nothing is stronger than 
an arch, a brick arch is generally thrown over between 
these extremities ns abut ments, whieh 'are the hearth 
trimmer and the wall, nt such a distance from the ap¬ 
parent surface of the boarding as is sufficient to receive 
the slab, gcucrally constructed of stone or marble. 

The arch thus thrown also is called a trimmer by the 
bricklayer, but to distinguish it from other trimmers, it 
is called a brick trimmer. 

The mould upon which the arch is formed is called 
the centre of the trimmer. It is obvious that the brick 
trimmer must be comprised between two parallel 
planes, of which the higher is below the level of the 
floor, and the lower above the surface of (he ceiling. 
Scantlings. I' 1 construction of naked flooring and roofing the 
smalt timbers which are used are called by the general 
name or scantlings, though, perhaps, not with good 
reason; as this term has been appropriated to the di¬ 
mensions of breadth aud thickness of a rectangular her, 
and in regard to squared stones the term is applied to 
the three dimensions of length, breadth, and thickness. 

In the Construction of the timber works of floors and 
ceilings, the arrises of the Umber ought always to have 
a horizontal position and to be perpendicular to the 
two opposite walls, and consequently parallel to the 
other two opposite, walls. 11 

* Bridge floors have been Wag in uas,«ad had alway* been eon- 
si/WreA as the beet in order to support the covering and ceiling o wr a 
large area, until Professor Botuuaba canned two wodeta of naked 
flooring to be made, on* being a single-joist floor, aud the other a 
bridged floor, each containing the ttn quantity of timber, and co¬ 
vering equal unu. Thaw model* emaeach luaried uniformly with 
small shot until lhay wer* broken j the strongest was that causttwied 


Horizontal framings are used in roofs as well as in Carpentry, 
floors, to prevent the action of the oblique timbers v—- / 

from thrusting out the walls, They also serve to sup¬ 
port the timbers to which the ceiling of the roym 
below is attached; such a construction is called a cut- 
mg floor. 

Construction of Partitions. 

Every construction of partitions where the bearing is 
solid below the framing, ought to be filled with timber 
bars, called quartering*, of whieh every timber has each 
of its four faces perpendicular to the horizon, and of 
which the interval between every two adjacent timbers 
is equal. But when the flqor under the partition is 
unsupported, as the partition ought not to lay any stress 
upon the floor, it ought to be supported only at the extremi¬ 
ties of the under edge. Now if the partition be filled with 
timbers, as has been described, the whole weight of these 
timbers will press upon the unsupported part of the 
floor. To prevent the strain which they would give, and to 
make the partition capable of supporting the floor aimve, 
and even the floor below, if necessary, two oblique tim¬ 
bers must be fixed in such a manner that the lower end 
of one must rest upon the one supported extremity, 
and the lower end of the other upon the other supported 
extremity. The upper extremities may either meet 
each other, or meet an intermediate post, or they may 
meet two intermediate posts with an interval between, 
in such a manner*that each oblique Umber may meet 
the nearest post; between (he two posts, opposite to the 
places where the oblique timbers join, another piece of 
timber bar must be inserted in the interval. -Whether 
there are two posts with an interval, or only one post, 
two timbers will meet every post; and, including the 
post, three -timber bars will therefore meet each other. 

To prevent this timber from moving, the three timbers 
must be secured to each other at every junction of’ three 
timbers: the triple junction of the timbers is called a 
joggle, the oblique timbers are called braoa, aud the in¬ 
termediate piece is called an intertie. lienee, when 
only one post is used there are three joggles, and when 
two posts are used there are four joggles ; in each case 
the joggles at the lower ends of the braces are included. 

The posts, when the partition contains a door, are those 
which form the sides or jambs of the door, aud the inter- 
tie is the head, of the door. When there is no doorway, 
the timber along the floor becomes a tie. The whole 
of'the partition is Included within a rectangular frame; 
the post or posts must meet the horizontal sides of the 
frame. 

The interruption of doors in partitions frequently 
occasions an. irregularity in the position’of the braees, 
and, in many cases, so much so as to render their effect 
insufficient. But since the door is generally much 
lower than thebeight of the story, the head of the door¬ 
way is extended so as to meet the upright timbers at 
cadi extremity of the partition, and thus the rectan¬ 
gular frame will be divided into three rectangular com. 
partuieiits when the partition contains one door, ajid 
into four rectangular compartments when the partition 

of single joint Tin same experiment has been recently tried, and 
the result of FMfewn Robinson hat been verified !>y l’rolessor 
Barlow, of the Royal Military Academy »t Woolwich. It has, 
however, been argued in favour of the cuiujtouiul framing, though 
not in such a manner .i»4o dead* the fact, that its tun: is loiter cal- 
culaled to preserve the ceiling from cracking th in a siugli-joist 
floor wrth deep joists. 
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Ouipratry- contains two doors; hence the upper compartment, 
which extends the whole length of the partition, may be 
framed in the very same manner as the whole would 
have been when it contained no door, or when it con¬ 
tained one door in the middle; and this framing might 
even be made of sufficient strength to support the floor 
above, and the timbers below adjacent to the door or 
doorways without bracing nny of lhu lower compart¬ 
ments: very frequently, however, the lower compart¬ 
ments arc braced as well as that above the door or door- 
ways. 

As the Umbers which support the lath and plastering 
arc most advantageously arranged when their faces are 
in planes perpendicular to the horizon, and when their 
intervals are equal, and as these vertical timbers must 
rest upon the braces, which would therefore be bent by 
the pressure, aud consequently would cither have their 
Use of eflect diminished or entirely destroyed; in order, to ren- 
pavabolic ,] or them as eflect uni as they were intended, parabolic 

* rf 'tT "s arches, described so as to answer to the obliquity of the 
1>ar ' braces and intertie, are recommended; these arches ought 

to be double, and opposite to each other, and if they are 
made of iron, they may either be used as a tie or in a 
state of being compressed. 

The upright quartering for the fixings of the lath 
being fixed to two such arches will effectually, pre¬ 
vent them from descending by their weights, and thus 
the whole stress will be thrown upon the joggles; the 
braces and intertie, when there are thro posts, will be in 
a 'state of compression, but the weight of the timbers 
upon the arches will lessen the degree of compression 
upon the straining pieces. 

Quarter Partitions constructed of timber bars to be lathed and 
partitions, plastered are called quarter partitions. 

There is yet another species of partition constructed 
with timber posts placed at equal intervals, and filled 
with brickwork between the adjacent posts, which are 
called quarters; the quarters are placed at eighteen or 
twenty-seven inches in the clear, and to strengthen the 
brickwork, horizontal pieces of timber extend between 
the quarters over every five or six courses of brick, A 
partition thus constructed, partly with brick aud partly 
Brick nog* with timber, is called a brick imaging partition, and the 
ping parti- wor jj done in this manner is called brick nogging. The 
twn. horizontal pieces between the quarters are called Hog¬ 
ging pieces. 

Brick nogging partitions ought always to be con¬ 
structed upon a.solid foundation, and, consequently, 
ought never to be used but in ground or basement 
stories. The quarters ought always to be three-quarters 
of an inch thicker than the brick, so that half the differ* 
cnce, or three-eighths of an inch, ought to project before 
each face exhibited by the brickwork, in order to allow 
for the irregularities of the surface of,the lath, occa¬ 
sioned in the splitting by the sinuosities of the fibres in 
taking curve directions round the, knots. 

• Of Uie Various Kinds of Roofs. 

. A common roof is that which has only two apparent 

sides, which meet each other in the ridge, and which 
rest upon opposite walls, which, in isolated houses, are 
Gable ended generally the two opposite walls that have the least in- 
roof. tcrval. This roof is called a gable ended roof. 

Common A common hip roof is that which has only one ap- 
hip roof, parent face adjacent to each of the four walls, and the 

two apparent faces which rise from the two opposite 


walls, which have the least interval, meet each in the Carpentry, 
ridge. ' Wl •V'"' 

As the meeting plane of a hip roof generally bisects 
the dihedral angle formed by the external faces of two 
walls which meet each other, every two planes which 
meet have the'same inclination to the horizon, ami the 
right section of a common hip roof between the. two 
most remote walls is a trapezium; but if the dimensions 
of the aperture to be covered are equal, all the four 
faces of the roof will meet in a point, and each of the 
right sections through this point will be an isosceles 
triangle. 

A truncated roof is that which is flat upon the top, Truncated 
and may either be of the simple prismatic form or roof, 
hipped. When it is not hipped it is culled a simple , 
truncated roof, and when it is hipped it is called a trun-^. 
cated hipped roof. A truncated roof is also called a 
terrace roof or cut roof. A truncated roof has its right 
section in the form of a trapezium, with two parallel 
sides, and the two diagonals equal; the side which is 
parallel to the base is not absolutely a right line, but is 
raised in the middle to an obtuse angle for the purpose 
of discharging the water. The top, which is nearly ho¬ 
rizontal, ought to be covered with leads 

A curb roof is that which has two sloping faces upon Curb roof, 
each side ; when it consists only of a simple prism it is 
called a common curb roof, ami when it is hipped it is 
called a curb hip roof. A curb roof is also culled a 
mansards roof. 

As the roof of a rectangular building may consist 
of the intersection of two or more prisms, as has been 
described, these intersections may be either external or 
internal, that is to say, the dihedral angles of their 
planes may either advance or retreat, and, accordingly, 
are called by the French salient or re entrant angles; 
hence when the dihedral angles of the adjacent sides of 
a roof are salient, every two of such w hich meet each 
other will form a hip, which has already been described; 
but when the dihedral angles are re-entrant, they form 
what arc called valleys. A.roof having a valley is called 
a valley roof. 

A roof which has both a hip and valley is called a hip Hip and 
and valley roof* " > alley mof. 

The roofs of buildings in which the faces of the walls 
terminate in horizontal right lines are culled straight 
roofs, in order to be distinguished from curved routs. 

Curved roofs arc generally circular and isolated. We 
may, however, have both straight and curved roofs inde¬ 
pendent'of each other, tir intersecting each other. 

Roofs cither cover the tops of the exterior walls from 
which they spring entirely, or only partially; when a 
straight roof covers the top of the wall, the inclined 
surfaces ore prolonged before the face of the wall several 
inches, or even feet; such a roof is aajd tp have dripping Dripping 
rac'.s, and the parts thus prolonged are called the skirts 
of the roof; in such a roof the water is supposed to drop 
ti'Vin the margins of the eaves upon the ground without 
being stopped in the wny.t 

* When the pUa of a building i* curved, the wilts are also 
carved' surfaces, and the roof is denominatsd from the plan at the 
building, or from the form of the top of the walls j a roof for such 
> building is called a curved roof. Hence, when the top of the waits 
from which the roof rises is a circle, the roof is eaUvd a circular rtnf. 
and, if an ellipse* it it called on elliptic roof, and so on,. 

' f Such fends of. roofs have sometimes troughs placed with a 
gentle inclination under, bnt nsuto the margin of the eaves in order 
to carry the water into pipes; but the appearance of such spiien- 
dSgcs U rather unsightly, 
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n>rpMitry. Straight Roofs. 

Straight roofs of the most agreeable and best con- 
. struction ought to have a certain number of dihedral 

angles. Let us conceive, cither in a hip roof, or in a 
hip and valley roof, a bar to be fixed in the intersection 
of every such angle; and the plane which bisects the 
dihedral angle to divide the bar into two equal parts, so 
that two of its faces may be parallel to the bisecting line. 

Let us again conceive, at the margin of every face 
of the roof which joins the wall another bar to be 
fixed, so that two sides may be parallel to the horizon; 
these twd faces will therefore make an acute angle with 
the plane of arrangement, or with the apparent face of 
the covering; and suppose all these bars to meet each 
other, so as to ibrm a complete frame surrounding the 
Aperture to lie covered ; also, let the upper edges of the 
bars of every such frame be in the plane of the support¬ 
ing bars of the covering, (that is, their plane of arrange¬ 
ment,) so ns to allow for the proper thickness of covering 
and hoarding. If any particular liar is required to 
project abf. 'e the apparent face of ttie covering, draw a 
right line on the inner face of such a liar which-will 
mark the intersection of the surface of tiie plane of 
arrangement. 

The bar in the dihedral angle, of which the line of 
meeting of its two faces is parallel to the base of the 
Ithl-e piece. iooI', is called the lidge piece; and each of the inclined 
h-irs in the meeting of every two adjacent inclined 
j' a rafter, faces, which form a salient angle, is called a hip rafter; 

and the timber in every face which joins the wall is called 
Wall plate. a v'ull plate. 

Thus every apparent face of the roof of an economical 
building will have its enclosure in the form of some of 
the diagrams, Plate, Nos. 1, ‘2, 3, 4, &e. to 7. No. I 
is the figure of the apparent sides of a gable ended roof; 
No. 2 that of a gable end and a hip ; No. 3 that of a 
gable end and a valley.; No. 4 that of a hip and valley ; 
No. 5 that of two hips; and No. 6 that of two valleys. 
The quadrilateral diagrams, Nos. 1, 2, 3, 4, 5, 6, all 
belong to the longest sides of the roof, and No. 7 to the 
end of a hip roof. 

Here, in this diagram, each timber bar adjacent to 
each line, or side, is called by the general name of a 


When the roof only covers the toy of the sails in part, the front 
of the walls niny Vie carried up to any required height above the 
level of the roof, and a ceubtrurtiou at wood, in the form of a trough, 
is covered with thin .beets of met «1, genet ally lead, for the purpose 
of carrying off the water into pipes, which may either be concealed 
or exposed, as the circumstance of the building may require. In 
such constructions the water-ways nro entirely concealed, and some¬ 
times |hn roof itself, by the walls; the wall thus carried up is 
reduced in its thickness til order to make room for these water-ways, 
which are called gutters, and such roofs are sometimes also called 
gutter roofs ; the part of the wall thus carded up is called a parapet. 

Gutters are not only placed along the horisont.it margins of roofs, 
but are also made in the valleys of return roofs. When the bot¬ 
tom and sido of the boarding of the gutters nro supported by shott 
pieces of timber, the gutters are called bridged gutters. 

Gutters should bo made sufficiently, wide for a person to Walk 
along them with ease when repairs are needed, and thev ought to 
have a sufficient descent! list water may run freely along them ; but, 
instead or making one continued descent, it would be snore conve¬ 
nient and. less expensive to make two wherever circumstances will 
admit; and the nearer these descent scan be made of the same length 
the less height will lie required for the fall of wnteT; because, when 
long gutters are made in one descent, as the rise upon tho whole 
must tie proportional to tho length of run, the distance which they 
cover the roof must be proportional; or, otherwise, if the breadth of 
the gutter be confined within parallel limits, the depth must be very 
great to allow lot the proper Sill of the' water. 

VOb. vi. , 


bordering piece; the bordering pieces being joined at Carpentry, 
the angles will ibrm a triangular or quadrangular form, '>■—v——' 
according as the aperture consists of three or four sides. 

The frame thus enclosing an open area is called the sur¬ 
rounding frame. 

In the seven diagrams here referred to, the aide II (' is 
supposed to be the skirt next to the wall, and A D that 
adjacent to the ridge. 

Fig. 8 exhibits the plan of a gable ended roof, figures 
9 and 10 plans of hip roofs ; that of fig. 9 being square, 

. and that of fig. 10 oblong. 

Fig. II is the plan of a hip and valley roof, or what Hip roofs, 
is called, in reference to the plan, an ell roof, being in Re¬ 
form of the letter L; ami fig. 12 is the plan of a hip 
and valley roof in the form of the letter T.* 

All the supporting timbers of every inclined covering 
of a roof ought each to be perpendicular to the wall 
plate, and to have two luces perpendicular to the hoi i- 
zon, and a face in the plane of arrangement. All the 
intervals between every two adjacent rafters ougiit to lie 
equal to one another ; and the breadth of every interval 
between the frame and the adjacent supporting bar 
ought not to exceed the hreadth of the interval which is 
common to the supporting bars. Moreover, every sup¬ 
porting bar ought to be fixed at each extremity to oppo¬ 
site parts of the skirting frame. 

Hence, if the frame of the apparent face to be covered 
belong to a hip roof, or to a hip and valley roof, those 
rafters only can be of equal lengths, which meet a ridge 
in the summit of the roof and the plate at the hottom; 
therefore, in the triangular parts, the supporting bars 
must be shorter and shorter. 'I he supporting bars are 
generally called rafters; anti those wliiph are of tin- Rafters, 
equal lengths, and all shorter than the rafters which ex¬ 
tend between the plate and the ridge piece, arc called Jack r&ft- 
jaek rafters. are. 

But, it is clear, that the longer the rafters are, the 
greater ought the scantlings to be; therefore their depth, 
or their thickness, or both their cross dimensions ought 
to be increased as their length is greater: for if all the 
raftcys were of the same scantling, their strength would 
be very nearly in a reciprocal ratio of their length. 

Now, instead of increasing the rafters in thickness, or 
in depth, or in both these dimensions of breadth and 
thickness, it is a general practice with builders to 
make the rufters nearly of the same scantlings lor all 
buildings ; and therefore, when they are so long as not 
to be able to support themselves and the covering with¬ 
out sagging or breaking, it becomes necessary to support 
every nilier at one or more intermediate points, and thus 
to divide its length into two or more equal parts. 

For the purpose of giving the rafters a sufficient sup¬ 
port, it is not only convenient, but economical, to place 
one or more horizontal rectahgular bars, Called purlins , Purlins, 
so that each extremity of every purlin'may he fixed to 
the opposite parts of the bordcriug frame; and tiial one 
of the faces of every purlin, and the lower edges of all 
the rafters comprised in the length of the purlin, may be 
all in one plane ; and, lastly, that all the .intervals be¬ 
tween the plate and the ridge may be equal, the number 
of intervals being one more than the number of purlins. 


* It is evident that, in hip roof., the plane which bisects every 
dihedral angle will lie perpendicular In the horizon: therefore, 
two faces uf every hip ratter, two faces of every valley ruffrr. ar.d 
two fuees of every ridge piece, ought lo be perpendicular to ll 

hftin^fm 
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Carpentry, Therefore every rafter in that length will he supported 
'—■Vby one point of the purlin, and at as many equidistant 
points as there are purlins in the length of that roller, 
making tlje intervals one more than the number of 
pfirlins. 

Here the same observations may be made on purlins 
as have been offered on rafters; viz. that it is customary 
with builders to make the purlins for all buildings nearly 
of the same scantling, whatever may be their length. 
Hence, there is only oue necessary length between one 
prop and another that will sustain the rafters and the 
covering to the best advantage; therefore, if they have 
,any longer bearing than that which would be just neces¬ 
sary between their extremities, that bearing ought to be 
divided into two or more equal bearing distances. This 
may be done by placing a suflieient number of other 
oblique bars in the same direction os the rafters, so that 
all tlie upper edges of these timbers, and* the under 
edges of the purlins, maybe in one plane; and that the 
two ends of the bar or bars thus Introduced, may be 
supported, and of, such length as to contribute to the 
support of all the purlins. 

Principal The bars for supporting the purlins are called prin- 
rafters. cipnt rafters, anti the rafters supported by the purlins 

Common are called, by way of distinction, common rafters. 
rafters. Again, let it be supposed that the principal rafters arc 
in their turn supported opposite to every purlin, as well 
as at the two extremities. For this purpose, let as 
many beams be extended across the building us the 
principal rafters are in number, and let these beams be 
supported upon wall plates; r is, one plate upon each of 
the opposite walls in the same manner as the binding 
joists of a floor were laid upon the wall plates; more¬ 
over, let the lower end of every principal rafter be fixed 
to the end of the beam. Then, if the roof is of the best 
construction, and be a common hip roof, its right section 
will lie an isosceles triangle; therefore, if on the other 
aide of the roof principal‘rafters of the same length are 
supported at their lower extremities, each upon tile 
opposite end of every beam, and if the two equal sides 
thus constructed for the opposite faces be made to meet 
each other in a vertical plane passing through the sum¬ 
mit, they will necessarily balance each other. However, 
if they only lean one upon the other, a very small force 
will destroy their mutual balance: hence, if they are 
fixed together in any manner so as to prevent them 
from sliding upon each other, their balance ennnot be 
easily destroyed by any accidental pressure acting upon 
cither side only. 

Thus the supports of the purlins have been reduced 
to a triangular frame of an isosceles figure, the two 
opposite principal rafters forming the two equal skies anti 
the beams its base. It is obvious that in this state of 
the timbers, the principal rafters from their own weight, 
and from the load which, they have to support, are in a 
6tatc of compression, and therefore the beams sire in a 
state of tension. 

Tie beans. Hence the beams are called lie beams, and the whole 
of the triangular frame, together with the timbers it 
comprises, in order to support the principal rafters most 
effectually and sufficiently, is called a truss, and the prin¬ 
cipal rafters among builders are often called principals, 

■ The lower ends of the common rafters, when the con¬ 
struction of the roof requires principals, are fixed to a 
bar of timber supported upon the ends of the tie beams. 
Tole plate. This bat is called a pole plate. The whole of the 
timbers, including the purlins ami common rafters be¬ 


tween every two adjacent trusses, is railed a bay of roof- Carpentry. 
ing. The whole of the timber work for supporting the v*—' 

covering is called u carcass roof. 

The timbers of two skirting frames for supporting the 
covering of two opposite inclined faces of a hip roof 
• which meet and form the ridge have been described. 

The two triangular frames in the ends ought to lie filled 
with common rafters supported by the same number of 
purlins exactly in the same manner as has been ex¬ 
plained in respect to the aides of the roof. 

In large roofs the construction requires a principal 
rafter reaching from the middle of the wall plate to thfe 
summit, and this is supported below upon a half tie 
beam, nnd the feet of. the common rafters upon a pole 
plate is in the two sides which meet and form the ridge. 

Whatever may be the form of a straight roof, the— - 
timber work for .supporting the covering of every in- , 

dined aperture ought to be constructed in the manner 
which has been described. Here, as in naked flooring, 
the common rafter may tic lei into ‘the purlins in the 
same manner ns the bridging joists of a floor are let 
into the hinding joists. Hence the entire substance of 
the rafters and purlins may be comprised between two 
parallel planes, of which the distance will lie less 
Ilian the sum of the depths of a rafter and purlin. 

The purlins and principal rafters may al-o be comprised 
between two parallel planes, which will be less distant 
from each other than the sum of the depths of a purlin 
and a principal rafter. 

In roofing, not only horizontal and vertical framings 
are employed ill the construction, but oblique framings 
also. The oblique framings are those which immediately 
support the covering. 

The vertical framings not only support the oblique 
framings but the horizontal framings also. The whole 
of the framings, taken coliectivqly, is called the framing 
of the roof, and all of them are connected and fixed at 
the joinings. The timbers belonging to the honzontal 
frame ire disposed similarly to those in the framing of a 
flour, and the timbers in the vertical frames to those of 
a partition. 

Every truncated or terrace roof ought to have tit least Tnmrutr 
two sloping sides, and when such a roof is hipped it ought ru " ls ' (kc - 
to have at least three equally inclined faces of which 
two and two are adjacent, and every adjaceut pair of in¬ 
clined faces form a dihedral angle. Such roofs may also 
have oue or more valIeys«accordiiig to the figure of the 
plan. The hips and valleys of such a roof, as well as the 
apertures of the skirting frame, ought lo be constructed in 
the same manner as those of a i onimon roof, or of a com¬ 
mon hip roof, or of a hip and valley roof. The upper ex¬ 
tremities of the rafters in each face of the roof rest upon 
a horizontal bar between the inclined face and the fiat on 
the top of the root’; and the principal rafters instead of 
meeting, have, a beam fixed between the top of every two 
opposite rafters so os to balance them ; and thus every 
truss will consist of lour rectangular burs, tir, the tie 
beam, the two principal rafters, and the top beam which 
is parallel to the tie beam. The top beam, from its 
rising in tjie middle, in ordeT to give the boarding and 
leaden covering a gentle inclination, is called a camber Camber 
beam, beam. 

The four timbers of every truss ought to be comprised 
between the two vertical planes which contain the ver¬ 
tical surfaces of the .tie beam. It is evident that in 
•very such quadrilateral truss frame, the top beam and 
the two principal rafters are in a state of compression, 
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Carpentry, and the tie beam ia in a state of tension. The cover¬ 
ing of t he aperture on the lop, supposing it to be rectan¬ 
gular, may be supported by a row of beams perpen¬ 
dicular to each of the horizontal bars, to the sides of 
which the euds of the common rafters and the ends of 
these beams may be fastened. The under edges of 
the level row of timbers ought to be arranged in the 
same horizontal plane, but the upper edge or back of 
every timber extending across the horizontal aperture, is 
generally cut into u very flat or obtuse angle having the 
summit in the middle, so that all the summits may be 
in a right line bisecting the aperture. Each sloping side 
of the camber beams is boarded over, and the boarding 
is covered with lead. 

In the construction of a curb roof, the lower part being 
the same in form as a truncated roof, and the upper part 
the same as a common roof, or a common hip roof, 
the construction of these parts may be the same as that 
of common and hip roofs. The horizontal liar between 
tlic two inclinations will serve to support the tops of 
the rafters in the lower inclined face, aud the feet of the 
rafters hi the upper inclined face. The beams which in 
terrace roofs are required tObupportthe boarding, do not 
icqoire to be cambered in the curb roof, as they only 
serve the purpose of ceiliug joists. 

The rafters used in the. upper part are called curb 
rafters, and the timbers in the angles which divide the 
two inclinations are called curb plates. 


t’urli 

r.ifti'rs, 

('mb 

lil.itfb. 


On the Trehcdral in general. 


A trehcdral is a solid angle contained under three 
plane surfaces called faces, every two of which meet 
each other, aud all the three in a point called the vertex 
of the trehcdral.* 

lief. The angle formed on any face by the two edges 
is called the angle of that face, and the face is said to be 
obtuse or acute, according as the angle of that face is 
obtuse or acute.t 


W Drf. If from any point in any one of the ihree edges Carpentry, 
of a trehcdral two right lines lie drawn pe.pemlicnlar 
to that edge one upon each adjacent face, the angle con¬ 
tained by these lines is called the dihedral angle, winch 
is less than a right angle; it is also tallied the inclination 
of the planes. 

Def If a trchedral, of which the angles of the faces 
are acute, be cut by a plane perpendicular to one of its 
edges, the triangular section is called a sectional trinn-dc, 
and each of the three triangles formed by two edges of 
the trchedral and aside of the sectional triangle is called 
a lateral triangle. 

Def. Tile edge to which the cutting plane is perpen¬ 
dicular is called the adjacent edge, and the remaining 
two edges of the opposite face are called opposite 
edges.* 

On the Right Trehcdral. 

Def. If two of the faces of a trchedral be (lerpen- 
dictilar to one another, the trehedra! is called a right- 
angled trehcdral. 

Def. The two faces of a right angled trchedral which 
are perpendicular to one another are called the right faces. 

Def. The face of a right angled trchedral which 
joins each of the two right faces is called the oblique 
face. 

Def. If a right trehedra! be cut by a plane perpen¬ 
dicular to one of the edges of the oblique face, this edge 
is called the adjacent edge, the remaining edge of the 
oblique face is called the opposite edge, and the edge 
between the two right faces is called the right edge. 

Def. If the two right faces of a right angled tre¬ 
hcdral be both acute, the trehcdral is called u right tre¬ 
hcdral. 

Def The right face which terminates in the adjacent 
edge is called the adjacent face, and the right fiica 
which terminates in the opposite edge is called the op¬ 
posite face.t 


* Oi-ncrHlly speaking, limber is divided into solids, of uhicheach 
is contained by sis rectilinear piano faces. The solids thus formed 
for (be construction of buildings have various names according to 
their relative magnitudes or their destination. 

The laces of such solids terminate in twelve edges colled by 
workmen arrises, which ora right lines, because the intersection of 
every two planes is .1 right line. The twelve edges again terminate 
in eight points, and three or the edges meet each other in each of 
the eight points. Any three of the right lines which thus meet 
contain la-tween every tyro of them^O face of the solid. Blit as the 
faces are at light angles to one another, (he edges aro alsn at right 
angles to one another. None of the eight trehedrais having the 
three planes perpendicular to one another, can ever be an object of 
research, all the pails being known. 

But ns timber may be cut by planes (that is by saws) in all 
positions, we may have trehedrais of various forms in which the 
angles containing the faces may lie of all magnitudes. » 

As we shall frequently make use of the words oblique angle, it 
will be proper to explain its meaning. An oblique angle is an angle 
in which une of Ihe sides containing it is not perpendicular to the 
other, ami inuy therefore be either an acute angle or, an obtuse angle. 
An oblique plane haa nlwa) s a reference to another plane, and implies 
thnt tho two planes are not perpendicular to each utlier. 

Tito cutting of timber contained under plane surfaces depends 
ntiruly upon a knowledge of the (rehedrul, ami there is no object 
constructed in parts with plauc joints which does not qptibrace some 
case or oilier of trehcdral sulutmns. We shall therefore proceed 
to give the remaining definitions, and then to the solution, uf the 
different cases. 

■I PhoMsjtios_ Tfunrem 1. 

If each of the three faces of a trihedral bo acute, its section made 
by s plane perpendicular to one of the edges, if sufficiently extended, 
will be a triangle of which a side will be contained in each of the 
three faces. 


For let C V, U V, and A V (plate i. fig. 1) be the three edges of 
the trchedral, ami let tho angles of the three faces C V b, C V A, 
and U V A be each an scute angle, and let the plane V (1 be drawn 
perpendicular lo one uf the edges V C, and let the planes of two of 
the faces which, meet in this edge tie prolonged to meet tlic plane 
F G, thus Ibt the face CVB meet the plane F G in Ihe Une C £ 
and let the face C V A meet F G in the line C D. 

Then because tlic intersection of two planes is a right line, the 
lines C K and C D are right lines, and because a right line perpen¬ 
dicular to a plane is also perpendicular (o every right lino drawn in 
the plane from the point in which the line intersects tho piano, the 
right lino C V is purficndicular to the two right lines Cl E, C II. 
Moreover, because the angles C V B and VCK are both in the 
some plane, aud liecuuso the angle C V U is an acuta angle and the 
angle V C K is a right angle, the two right lines V' B and C E will 
meet j but C E .-. in the plane F G, therefore V B will meet Ihe plane 
F G. Iu the same manner it may be shown that V A will meet tho 
plane 1' G. Let the edge V B meet the plane F G in E, and ths 
other V’ A meet it iu I), therefore since the intersection of every two 
planes is a right line, I) O E it 1 rectilinear triangle. 

* The definitions hitherto givou aro general for all kinds of Iro- 
hcdrals; lint as two ad|acent planes ol timbers are generally per¬ 
pendicular to one another, the ubliqtio trchedral seldom ureuis in 
practice, and whenever it does so the object of inquiry ia>y be ob¬ 
tained by dividing such a trehcdral into two others, ot which each 
may have two planes perpendicular to one another. It is then fora 
to this more limited species of trehedrais to which we shall direct 
the attention of the reader. 

f Vuorosmox —Theorem i. 

In a right trchedral. (he three triangles formed !>i the edges of 
thetnitieilr.il and the si-ctori.il triangle, us also the si-eiuiui tmug 
itself, will be all right angled hiangles. 

Fur in fig. 2 let the trehedrnl !>e V A C B. 111 which *he j-oiut V u 
2 K 2 
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Carpentry. Tiff. In the sectorial triangle A B C, the angle A is 
called the vertical angle, the leg adjacent to the vertical 
angle is called the adjacent leg, and the leg opposite to 
the vertical angle is called the opposite leg. 

Def. Th£ common leg of the sectorial triangle, and 
the triangle upon any face of the trehedral formed by 
two edges and that leg, is called the sectorial leg of the 
triangle in that face.* 

Def. The angle contained by the oblique face and one 
of the right faces is called the inclination of these faces. 

Def. The point in which any two of the sides of the 
sectorial triangle meet each other in one of the edges of 
the trehedral is called the sectorial point.t 


the vertex, and ACB the sectorial triangle, and VA be the edge to 
which the piano of the sectorial triangle A li 0 is perpendicular, and 
let the two right faces be A V C and B V C, and the oblique taco be 
A V B. 

The right line V A living perpendicular to tha plane of the secto¬ 
rial triangle ABC will be perpendicular to every right line drawn 
in the plane from the point A, in which the perpendicular meets the 
plane; lienee V A is perpendicular to each of thu right lines A C and 
A B; therefore, the two triangles Y A B and V A C are each right 
angled at the point A, ami are consequently right angled triangles. 

Moreover, because the right lino A V is perpendicular to tho 
plane B A C, every plane passing along A V is perpendicular to tho 
piano B A C, therefore tho plane V 0 A is perpendicular to the 
plane ACB; and reciprocally the piano A C B is perpendicular to 
tho plana V C A. But because V C A anil V C B are the right 
faces, the piano V C B is perpendicular to the plane V C A ; hence 
each of the planes A C U and V C B is perpendicular to tho plane 
A C V ; therefore their common section B 0 is perpendicular to the 
plane AC V: again, a right line which is perpendicular to a plane 
is perpendicular to every right liue drawn in that piano from the 
point in which the perpendicular meets the plane ; hence B C is 
perpendicular to each of the right linos C V, C A ; therefore tlie 
triangle V C B is right angled at C, and tire triangle A C B is also 
right angled at C; hence all tho four triangles A V11, A V C, B V' (1, 
and ABC, are right angled triangles. 

Cur. 1. Because the triangle V A B is a right angled trianglo, 
and the right angle is at the sectorial point A, the angles AVU 
and ABV are each an acute angle; therefore tho angle AVB of 
the oblique face is always less than a right angle, when the angles 
of the right faces are each less titan a right angle. 

Cor. 2. Because the sectorial trianglo A li C is a right angled 
triangle of which the vertex of the right angles is in the right edge 
at C, each of the two angles contained by the ohlupic plane and 
each of the right faces is an aCuta angle. 

Sellout*. 

From these two corollaries it appears that the sum of the angles 
of the three faces is less than three right angles, and the sum of tho 
angles contained by every two faces is also less than three right 
angles. 

* Cor. The vertical angle A of the sectorial trianglo is the 
dihedral angle formed by thu planes of the oblique and adjacent 
feces, and the hypotenuse A B, the adjacent leg A 0, and the oppo¬ 
site les B C of this triangle are respectively the sides of the lateral 
triangles opposite the angle of the oblique face, the angle of tho 
adjaceut face, and the angle of the opposite face.. 

Hence if these triangles be ail developed upon one plane, the 
lines which are common in the solid ore equal in the detelopement; 
that is, the vertical angle A of the Beetonal triangle is equal to tho 
angle contained by a rigiit face and the oblique lace ; the hypote¬ 
nuse of the sectorial triangle is equal to tho sectorial leg in the 
cblique face ; the adjacent leg of the sectorial triangle is equal to 
the sectorial leg in the adjacent face ; and the opposite leg of the 
sectorial triangle is equal to the sectorial lag in tho opposite face. 

f Phopositiow .—Thtorem 3. 

Every right angled trehedral having one or both its right faces 
obtuse, may be reduced to a right trehedral, or to one which shall 
have both its right feces acute. 

' For let in fig. 3 one of the right feces of each of the four 
adjoining trehedrals, AVB C, AVCI), AVIJK, and A V X B, 
be upon the same buse B C 0 K, so that the oblique faces may 
coincide two and two in the plane BAD, and the right faces may 
also coincide two and two m the plane OAK, and lot the right 


Def. In a right trehedral the two inclinations and Carpentry, 
the tlirce faces arc called parts. 

The right angle being always given is not one of the 
parts. Hence in every right trehedral the number 
of parts are five. In every right trehedral, when two 
of its parts arc given, a third may be found at one ope¬ 
ration. 

(1.) In all the diagrams the oblique face is denoted 
by A V B, the adjacent face by A V C and the opposite 
face by B V C. 

The sectorial triangle is denoted by A B C, and the 
three sectorial points by A, B, C. 

As one inclination is only concerned in our opera¬ 
tions, this inclination is denoted by B'AC or by II A' C: 
viz., by B'AC when the sectorial triangle is placed 
upon the sectorial line A C of the adjacent face, or by. 

B A' C when the sectorial triangle is placed upon the 
sectorial line B C of the opposite face. It being conve¬ 
nient to place the sectorial triangle sometimes upon the 
one, and sometimes upon the other of these lines. 

All the triangles may be entirely detached in the con¬ 
struction, but it is convenient, to adjoiti in the same 
manner as they are in the solid. This not only saves 
lines, but renders the diagram more evident in order to 
bring the corresponding edges in contact, and thereby 
form the trehedral. 

Keeping the ubove notation in view, the sectorial lines 
AB and A C will he each perpendicular to A V, and 
C II perpendicular to C V.* 

faces in thu piano BODE bo called the bases, and thu other 
right faces the vertical fares. 

The bases of these trehedrals living right lines eulting one 
another, arc either adjacent or opposite, that is. iu opjiosite angles.. 

Now let each of tho three trehedrals A V 0 D, A V f) K, and 
A V KB, be compared with the trehedial A V U C, in which both 
the right feces AV ('• and BY C are acute. Then, liecm-sc the 
angle B V 0 is acute, aud the two angles B V C mid C \ 1) are 
together equal to two right angles, the angle C V D is obtuse ; and 
because C. V I) and 1) V K are equal to two right angles, and thu 
angle CV U is obtuse, the angle DV K is acute; and because 
])VE and KV B are equal to two right angles, and the angle 
1) V E is acute, the angle K V U is obtuse. 

Moreover, liecause the angles A V C nnd A V E are together 
equal to two right angles, and the angle A Y C is acute, therefore 
the angle AYE is nhtuso j hence the trehedral V A C D has an 
obtuse base, C V D, ami an acute vertirnl face C V A, and is joined 
to the trehedral V A B C by the common vertical face A V C; the 
trehedral VA D E has an acute base 1) V E and an obtuse vvitical 
face A V E, and the two treliedrals A V' 1) K and AVBC are oppo¬ 
site each other, and have their vertical face*in one plane, nml their 
oblique feces in unother plane ; aud lastly, tho trelivdml Y A li K 
has an obtuse base BYE and an obtn-o vertical fare A V K, and 
the two trehedrals V A B E and V A B C sre joined to each other by 
tbe common oblique face AVU, aud hence the proposition pro¬ 
posed to be proved is true. 

t ConOl.L ABIES. 

Hence; 1. If a right angled trehedral, of which the base 5s obtuse, 
and the vertical face lie given, find the adjacent trehedral, so that 
the vertical face may be common to the trehedrals. 

2.. If a right angled trehedral, of which the base is acute, and 
the vertical face obtuse, be given, find the trehedral upon the oppo¬ 
site base. 

3. If a right angled trehcilral, or which both its base and ver¬ 
tical face ore given, find the adjacent trehedral so fiiat the two tre¬ 
hedrals may have a common oblique face. 

In any of the three coses thu trehedral to be found will have all 
its parts, and the like parts of both will lie either equal or supple¬ 
mentary to each other. The common feces and opposite bases will 
always be equal, s* well as tbe dihedral angles which terminate in 
the same right liue, and upon the same side of this right line, and 
the adjacent faces will be supplements of each other, as well at 
the dihedral angles adjacent. ' 

* Notwithstanding the variety of eases, which are sixteen is 
number, every construction is extremely easy, us there is no case 
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Carpe ntry.^ PROPOSITION.— Problem 1. 

. (2.) Any two of the three parts, the inclination, the 
» adjacent face, and the.oblique face of a right trehedral, 

being given to find the third port. 

Preliminary. 

The adjacent and oblique faces A. V C, A V B being 
constructed, the triangles upon these faces will have 
a common leg V A upon the adjacent edge, therefore 
the sectorial line upon each face will be perpendicular 
to V A; hence the construction may be found from one 
of the three following rules. 

. Rule I. 

* (3.) When the inclination is required, the adjacent 

•and oblique faces must necessarily be given. 

1. From any convenient point, A, in the adjacent 
edge V A, draw the scctoriul line upon each of the two 
given faces. 

2. The sectorial line upon the adjacent face, and the 
sectorial line upon the oblique face being drawn, the 
adjacent leg and hypotenuse of the sectorial triangle 
will be given to find the vertical angle. 

3. Tiie vertical angle being found will be the inclina¬ 
tion required.* 

Rule II. 

(•1.) When the oblique face is required, the adjacent 
face and the inclimv'ion must necessarily be given. 

J. Upon the adjacent face draw the sectorial line. 

2. Having drawn the sectorial line upon the given 
adjacent face, the adjacent leg and the vertical angle of 
the sectorial triangle are given to find the hypotenuse. 

3. Having found the hypotenuse of the sectorial 
triangle, the lateral and sectorial legs of the triangle 

. . upon the oblique face will be given to find the angle at 

the vertex, or opposite the sectorial side. 

■1. The angle at the vertex being found, will be the 
angle of the oblique face required, t 

Rule III. 

(5.) When the adjacent face is reqnired, the oblique 
face and the inclination must necessarily be given. 

1. Upon tlic given oblique face draw the sectorial 
line. 


that requires marc than three right angled triangles in the diagram, 
ami when the same triangle occurs, it is uniformly denoted by the 
sumo Utters. Though the number bo sixteen, seven or eight of 
these are sufficient for our present purpose. 


2. Having drawn the sectorial line upon the given 
oblique face, the hypotenuse and an angle o! the sec¬ 
torial triangle are now given to find the adjacent leg 

3 . Having found the adjacent leg of the sectorial 
triangle, the lateral leg and sectorial leg of the triangle 
upon the adjacent face are now given to fiud (he verti¬ 
cal angle. 

4. The vertical angle of the lateral triangle being 
found is the angle of the adjacent face required.* & 
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Proposition.— Problem 2. 

(9.) Any two of the three parts, the inclination, the 
oblique and opposite faces of a right trehedral being 
given, to find the remaining third part. 

The oblique and opposite faces .A V B, B V C, fig. 
6, 7, and 8, being concerned, the lateral side of the two 
adjoining triangles will be their common hypotenuse 
B V ; and the sectorial hues will therefore be perpendi¬ 
cular one to each of the unconnected edges A V and 
C V. Hence, by the following Rules, the part required 
may be found. 

Rule I. 

(10.) When the inclination is required, the oblique 
and opposite faces will necessarily be given. 

L Draw the sectorial leg upon each of the two given 
faces. 

2. The sectorial leg upon the oblique face, and the 
sectorial leg upon the opposite face being drawn, the 
hypotenuse and the opposite leg of the sectorial triangle 
will be given to find the vertical angle. 


* Example 3. 

(8.) Given the oblique face A V ft, the inclination B A 11 of a 
right trehedral, to find the adjacent face A V C. 

1. lfraw the right hoc A 1) perpeudicular in A V. 

2. Draw A 0 perpendicular to A V ; make the angle (1 A It' equal 
to the given inclination, maku A U'equal to A B, and draw B'G 
perpendicular to A C. 

3. Join V C, and A V C will he the angle of the adjacent face 
required. 

In order to find any of the three parts required by compu¬ 
tation, wo shall here give the investigation of the three formulas, 
and us this can be done act"riling to any of the three Rides, we 
shall adapt this process to Rule I., in which the dihedral angle is 
required to be found as being the most simple. 

Let VA ss radius — 1 ; then will A)l = tan AY B, and A C = 
tanAVC. / 

Now intlio right angled triangle A B'C are given the adjacent 
leg A C and the hypotenuse A B to find the vertical angle C AB'. 
By trigonometry making radius upou A B' and the cosine therefore 
upon A G, the following analogy will give nu equation from which 
any of the three parts may lie found. 


• Example 1. to Ri r.K I. Paurosmox. 

(6 ) Given the oblique face AV U, fig. 4 or 5, and the adjacent 
face A V C of a rigid trehedral, to find tho inclination. 

1. Take any convenient point A in the adjacent edge VA, and 
tlrpw (lie rigid lines A B. A C, each perpendicular to A V. 

2. Dhiw C B' perpendicular to A (J, and from the point A with 
the distance A II cut the perpendicular C B' in B'. Join A B, and 
tile angle C A B' is the inclination required. 

Example 2. 

(7.) Given the adjacent face A V C, and the inclination of u 
right trehedral, to find the oblique (ace A V B. 

1. Having as liefore assumed the point A in V A, draw the right 
line A C perpendicular to A V. 

2. At the point A with the right lino A C make the angle CAB' 
equal to the given inclination, and draw the right line C B' perpen¬ 
dicular to AC. 

3. Draw the rigid line A B perpendicular to' A V ; make A B 
equal ta A 13', join B V, and A V B it the angle of the oblique face 
required. 


A B': A C : : radius : cos C A B' 
hence 


A C X rad _ tan A V C 
AB' S tan A B V* 


tan A V C — tan A V B X cos C A B', 

tan A V H = A = tan AVC X soeCAB 

com C A11 


because sea = — v 
cos 


, cwCAB s si tan A V C X cot A V B; 

tan AVB 

because cot' — —. 

tan 

These equations in terms of the trehedral will be thus expressed: 
tan ailjaceut face ss tan opposite face X cos iucl.n.vtion. 

tan oblique faec — tan adjacent fnce X c..s inclination, 

cos inclination -- tan adjacent face X cut oblique laco 
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Carpentry, s. The vertical angle being found, will be equal to 
the inclination.* 

Rule II. 

(H .) When the opposite face is required, the oblique 
face and the inclination must necessarily be given. 

1. Draw the sectorial leg upon the given oblique fiice, 

2. The sectorial leg upon the oblique fucc being 
found, the hypotenuse and the vertical angle of the 
sectorial triangle will now be given to find the opposite 
leg. 

3. The opposite leg of the sectorial triangle being 
found, the hypotenuse and the sectorial leg. of the tri¬ 
angle upon the opposite face will be given, to And the 
angle of (his opposite face. 

4. The angle of the opposite face being found is the 
angle required.t 

Rule III. 

(I - ?.-) When the oblique face is required, the opposite 
face and inclination must necessarily be given. 

1. Draw the sectorial line upon the given opposite 
face. 

2. The sectorial line upon the opposite being found, 
the vertical angle am) opposite leg of the sectorial triaugle 
will be given, to find the hypotenuse. 

3. The hypotenuse of the sectorial triangle being 
found, the hypotenuse and sectorial leg of the triangle 
upon the oblique face will be given, to find the angle 
opposite to the sectorial leg. 

4. The angle opposite the sectorial leg being found, 
will be the angle of the oblique face required. J 

* Ejrampk to Rri.B I. Proposition II. 

(13.) Given the oblique face B V A, (fig. 6 or 7,) and the oppo¬ 
site face B V V of u right trihedral to find the inclination. 

1. Draw the right line B C perpendicular to C V, and the tight 
tine H A perpendicular to A V. 

2. From the point B, with the distance B A, cut V C, or V C. pro¬ 
longed in .V, and join .-V B. Then U .V C is equal to the inclina¬ 
tion required. 

This case is applicable to the ranging of hip rafters, and to find¬ 
ing the dihedral angles oi the regular solids 

f Eo ample tu Be lb II. 

(14.) Given the inclination B- A C, (fig. S,) and the oblique face 
A V B of a right trebedral, to find the opposite face B C V. 

1. Draw B A perpendicul.it to A V. 

2. At the pomt A, with the right fine A B, make the anglo 

B A C equal to the given inclination, and draw B O perpendicular 
to AC'. ' 

3. Upon V B as a diameter desrribe the semicircle B C V; from 
the point B, with the distauco BC', cut the semicircular arc in 11, 
and join CV. Then BVC is the angle of the opposite face re¬ 
quired. 

t EroinpU to Rule III. 

(15.) Given the inclination 11 A' C, (fig. 8.) and the opposite face 
B V C of a right trchcilral, to find the oblique face. 

1. Draw B C perpendicular to V C. 

2. In V C, or in V C prolonged, take any point, r, and draw erf, 
making the angle C e rf cquat to the given inclination; and from B 
draw tl»e right line B A' parallel to dr, meeting C V in A'. 

3. Upon VB as a diameter describe the semicircle B A V; and 
from the [joint B, with the distance h A', cut the semicircle in A. 
Join A V and A B. Then the angle B V A is equal to the angle 
of the oblique faco required. 

The methods of finding the formula when two parts out of the 
three parts concerned iii the proposition are given to find the third, 
are simitar to those investigated in the note to t he example of Rule I. 
It will, therefore, lie only necessary to give the three expressions in 
terms of the right trehedral. 

?. sin opposite face = sin ohliqne face X ain inclination. 

2. sin oblique face ~ sin opposite face X cosec inclination. 

3. Bin inclination = sin opposite face X cosec oblique face. 


PttOl'OsmON.— Problem 3. Carpentry. 

(Its.) Any two of the three purls, the inclination, the 
two right faces of a right trebedral being given, to find 
the third, or remaining part. 

Preliminary. 

The two right faces being concerned, the lateral edge 
of the two adjacent triangles will be the right edge, mid 
will be the leg of the triangle upon the opjxisite face, 
and the hypotenuse of the triaugle upon the adjacent 
face. Hence, the part required inay be found by one 
of the three following Rules. 

Rule I. 

(17.) When the inclination is required, the two right 
faces must necessarily be given. 

1. Draw the sectorial line upon the adjacent face, and* 
the sectorial line upon the opposite face. 

2. Having drawn the sectorial lines upon the adjacent 
and opposite faces, the adjacent and opposite legs of the 
sectorial triangle will be given to find the vertical angle. 

3. The vertical angle being found will be the inclina¬ 
tion required.* 

Rule II. , 

(18.) When the opposite face is required, the inclina¬ 
tion and adjacent lace must necessarily be given. 

1. Draw the sectorial line upon the adjacent (ace. 

2. The sectorial leg being drawn upon the adjacent 
lace, the vertical angle and adjacent leg of the sectorial 
triangle vvill be given to find the h) potential*. 

3. The hypotenuse of the sectorial triangle being 
found, tlie lateral and sectorial legs of the triangle upon 
the opposite face will be given, to find theangle opposite 
to the sectorial leg. 

4. The angle opposite to the sectorial leg being 
found, will be the angle of the opposite face required, f 

* Example to Rli.r 1. Proposition. 

(20.) Given the adjacent face A V C, (fig. Q.) and the opposite 
face BVC of a right trehedral, to find the inclination. 

1. Draw C A perpendicular to A V, mid C B perpendicular to <' V. 

2. Draw C IT [icrpeiidictiUr to C A, and make (,' H' equal to 
C B. Join A B'; then the vertical angle C A B' is equal to the in¬ 
clination required.* 

Or thus, instead of 2. (fig. 10 and 11.) 

2. Having drawn C A and (■ B ns in 1. From the point C, with 
the distance 0 A, cut C V, or C V prolonged in A', anil join A' II. 

Then the veilieal angle C A' B is the inclination required. 

N.B.—Tim Problem is applied m Carpenliy to the ranging of 
hip rafters j anil in Sciography to the shadows of cylinders m all 
positions, us also to the shadows of polygonal and circular rings. 

f Example to Kct.it II. 

(21.) Given the inclination IT A C, (fig. 9,) and the adjacent 
lace A V C of a right trehcdral, to find the iqqiosile face B V (J. 

1. In the connecting line V G of the two faces concerned, take 
any point C, and draw C A perpendicular to A V. 

2. At the point A, with the right line A C, make the angle 
O A B' equal ty the given inclination, sod draw C B' perpendicular 
to ('■ A. 

3. Draw c B perpendicular to C V ; make C B equal to C B', and 
jnin H V. Then l! V B is the angle of th* opposite litCe required. 

Or thus, instead of 2. and 3. 

2. In (J V, (fig. 10 and 11,) or in CV proltmged, cut off llie 
part C A' equal to C A, and make the angle C A' B equal to the 
given mcliroRion. Draw IIC perpendicular to C V. 

.3. Join B V, and C V B is the angle of the opposite face required. 

N.B. This Problem is applied in perspective in finding the 
vanishing line of a plane, anil in Dialling to finding thr hour lines, 
the angle winch tins style makes with the suhstyle being given. 

* Formula for the arithmetical computation, 

tan opiiosite face = tan inclination X sin adjacent face, 
tan inclination tan opposite face X cosec adjacent face, 
tan adjacent face = tan opposite face X cot inclination. 
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Carpentry. Rule III 

(19.) When the adjacent face is required, the incli¬ 
nation and opposite face must necessarily be given. 

1. Having drawn the sectorial line upon the given 
opposite face, the vertical angle and opposite leg of the 
sectorial triangle will be given, to find the adjacent leg. 

2. The adjacent leg of the sectorial triangle being 
found, the hypotenuse and sectorial leg of the triangle 
in the adjacent face will be given, to find the angle 
opposite to the scctorlnl leg. 

3. The angle opposite to the sectorial leg being found, 
will be the angle of the adjacent face required.* 

Proposition.— Problem 4. 

(23.) Any two or three faces of a right trehedral being 
given to fiud the third. 

General Rule. 

When any one of three faces is required, the other 
two must necessarily be given, and these may either 
be the two right faces or one right face and Hie oblique 
face. If tile two right faces be given, the lateral right 
edge V (J must be the connecting edge, but if the oblique 
face and a right face be given, the right face may always 
be supposed to lie the adjacent face AVC, and conse¬ 
quently A V the adjacent edge. 

As tlie face to be found may be attached to either of 
the unconnected edges of (he two given laces, tile lateral 
side of the triangle to be found, attached to the uncon¬ 
nected edge, must either be a leg or hypotenuse of the 
triangle in the face required, but as one of the two may 
always be chosen, the leg will afford the most easy con¬ 
struction ; hence. 

If the lateral edge, to which the third face of the tre- 
hcdral is connected, be a leg, draw a right line from the 
sectorial point perpendicular to the leg, and the secto¬ 
rial leg will be upon this perpendicular from the secto¬ 
rial point, and from the vertex of the lateral faces with 
the length of the other unconnected lateral edge cut the 
perpendicular, join the point of section and the vertex. 
Then the angle at the vertex will be the angle of the face 
required. 

But if the lateral edge to which the third face is con¬ 
nected be the hypotenuse of the triangle in the face 
required, describe a semicircle on this hypotenuse as 
a diameter, and from the vertex of the trehedral faces 
with the length of the other unconnected lateral edge 
cut the semicircular arc. Join (he vertex of the faces 
and the point of section, and the angle by the line and 
tlie diameter of the semicircle is the angle of the face 
required. 

Though the construction is easier when the face re¬ 
quired is attached to a leg, yet as the intersection of the 

* Example /o Kelt IU, 

(22.) Given the inclination BA'C (fig. 10 anil 11) and the 
opposite face IIV C of a right trehedral, to find the adjacent face 
AVC. 

1. In V C tale any convenient point C, and draw C B perpendi¬ 
cular to C V. 

2. In C V, or in Q V prolonged, take any convenient point r, and 
drawer/, making the angle Cud equal to the given inclination. 
Draw B A' parallel to d e, making C V, or C V prolonged in .V, 

2. Upon C V nan diametur describe the semicircle t! A V; end 
fipm tlie point C with the distance C A! cut the senucimurafereuce 
in the {mint A. Join A C and A V, then C V A is the adjacent face 
required. 

N. B. Thla Problem is used in Sciagraphy, in order to find the 
Xms of light and shadow in a cone. 


arc described from the vertex and the sectorial l e ~ Carpentry, 
sometimes occasionally very oblique, u preference "on < r-~— 
this account, when it so happens, may lx: given to t|, e 
other construction, when the tace required is attached to 
the hypotenuse. 

N. B. When the two right faces are given, cither 
may be made the adjacent face.* 


* Examp/e to Phomsition XV. 


(21.) (riven tlie two right faces of a right trehedral to find tho 
oblique face. 

Let the adjacent face bo C V A, (fig. 12,) and therefore the op- 
posite face C V B' 1 

Now, in Hie adjacent face, tlie sectorial leg is perpendicular to 
the adjacent edge V A, and in tlie opposite face the sectorial line is 
perpendicular to the right edge ; therefore, 

1. Draw C A perpendicular to V A, mid C B' perpendicular to 
CV. 


2. Let it now be required to Bud the oblique race attached to the 
adjacent edge V A. Dtaw A B perpendicular to A V, and from the 
point V with the distance V H' cut the right line A B 10 M, and 
join V B. Then A V U is the oblique face reqiuicd. 


ScnoMcu. 


The four Propositions now given will he found to apply to every 
useful purpose in Carpentry, Perspective, Sciography, and Dialling. 
As to the ease in which the two dihedral angles and one of the 
right faces, and that iu which the two dihedral angles and tlie 
Oblique face are concerned, we shall leave far the exercise of the 
reader, who will now, if ho understands the preceding I'roiamitions, 
not be at any loss to supply the two Theorems just now men¬ 
tioned. 

The three faces being the parts of tins trehedral concerned, any 
two being given as above, we shall here give the imestigatinn of the 
formula for finding auv one of the three parts from the other two 
being given. 

Let CV = radius “ 1, tlien will V 11 ss sec C V B, and VA~ 
cos C V A. Now since by construction V B i;V II, V B' =: sec 
<; V B ; hence in the triangle B' A V tho hypotenuse V' Bs: sec 
C V B, and the leg V A = cos C V A, ase giveu to fiud the angle 
B V A i therefore, making radius upon B V, the cosine of tho 
angle B V A will bo upon V A ; hence 


V B': V A :: rad : cos 
cos C V A X cos C V B. 


BVA = 


VAX rad _ cos C V' \ , 


VB’ 


sec C V « 


lienee cos C V A =eos B V A x see C V B; 

and cos H V K ~ cos C V A X cos C V B; these expressed 
by the parts of the right trehedral, will be 

cos mo right face “ cos oblique face X sec other right face, 
cos oblique face — cos one right face X cos uthrr right face. 
But before we dismiss this part of our Treatise, it will he found 
useful to ahow how this last Problem may lie constructed by another 
principle independent of the trehedral. 

(25.) Let g V d (fig. 1.1) be one of the right faces, and let y V 
lie the edge of the other right fuce which is common to tlie two 
faces, and let V bo the enmmon vertex of these faces. 

Through any point g in Vy draw gb in any convenient position, 
and prolong d V to any convenient point A. From the point y 
with the distance g A describe the arc A t, and from the same point 
A with the distance g V describe the arc V e meeting g b in e. 
Make tlie angle g rP equal to the angle contained by the other 
given right face, and draw g F perpendicular to gb. 

Fiom the poijit I' with the radii F b, F a describe the arcs b D, 
and c K, and from any convenient point K in the arc cE with the 
distance V A cut the arc b D in D. Join F K, ED, and FED will 
bo the supplement of the angle required. 

For suppose the other right face to be placed upon g V with its ver¬ 
tex in V, and to be perpendicular to the plane g V b. Draw g K" in 
the vortical face perjwndicular to gb; then tint notica! face will meet 
the oblique face in a right line ¥" V which is the hi potenuso uf a right 
angled trianglcof which g V is the base, and therefoie the angle I’erf 
will he the angle of the oblique fact'. Imagine g A and !■ A to be 
joined, then l' A will be the subtense uf the angle F’ V A, which will 
be the supplement of the oblique face. Now Iterative y e i» equal to 
g V, and g F is equal to the pci pendicnlor g F of the imaginary ver¬ 
tical face, the right anghsl triangle rg F will be rqaal to the right 
angled triangle V g F* in the vertical face ; hence the hypotenuse c F 
is equal to the hyi>otemise cF* in the vertical taco. In btc manner, 
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Definitions. 

Def. A plane to which the relations and positions of 
points, lines, and planes are given, and an which, from 
these data, other relations are determined, is called the 
primitive plane . 

Def. A point, line, or plane is said to be in space 
when it is situated out of the primitive plane, and a line 
or plane is still said to be in space, even though one 
extremity of the line or plane should come in contact 
with the primitive plane. 

Def. If a right line be drawn from any point in space 
perpeudicular to the primitive plane, the point in which 
the right line meets the primitive plane is called the 
projection of the point, and the right line itself is termed 
the projertant of that point. 

Def. A right line drawn through the projections of 
two points of another right line in space, i9 called the 
projection of this right line. 

Def. A line or a point is said to be given when its 
relations to the primitive plane are given. 

Def. A right line is given in space when the projec¬ 
tion and inclination of the line is given, or when the 
projections and projectants of two of its points are given, 
or provided the line meet the primitive plane when the 
point of coincidence and the projection and projectant 
of one of its points arc given. 

Def. A point is said to be given either when it coin¬ 
cides with the primitive plane, or when its projection 
and projectant ore given, or when the distances from 
the point to three given points upon the primitive plane 


Or when the projection and projectants of three of Carpenitj. 
its points are given.* ' 

Proposition.— Problem 1 


(26.) To find the primitive inclination of a plane 
which shall have a given trace, and which shall contain 
a given right line meeting the trace. 

Here in the right trehedral are.given the vertical and 
primitive faces to find the primitive inclination. 

Now as the primitive inclination is the inclination 
concerned, the primitive face is the adjacent face A V C, 
and the Vertical face the opposite face BVC. 

This Proposition, therefore, becomes the following 
Problem: 

The adjacent face A VC and the opposite face BVC 
of a right trehedral being given to find the inclination.. 

The solution of this Problem will be found as in (20.) 
fig. 9.t 

Proposition. —Problem 2. 


(27.) To find the vertical inclination of a plane which 
shall have a given trace, and shall contain a given right 
line meeting the trace. 

Here in the right trehedral are give^ the vertical and 
primitive faces, to find the vertical inclination. 

Now as the inclination concerned is the vertical incli¬ 
nation, the vertical face must be the adjacent face A VC, 
and the primitive face the opposite, fate I) V C. 

' This Proposition, therefore, becomes the following 
Problem : 

The adjacent face A V C and the opposite face li V 


arc given. 

Def. A right line is said to be given either when it 
coincides with the primitive plane, or when its projection 
and inclination arc given, or when it is parallel to the 
primitive plane, and the projection of the line and the 
projectant of one of its points are given; or any line 
obliquely situated is said to be given when the projec¬ 
tions and projectants of two of its points are given ; or 
a right line meeting the primitive plane is also said to 
be given, when the point of contact and the projection 
and projectant of one of its points are given. 

Def. A parallel plane is understood to be that which 
is parallel to the primitive plane. 

Def. An oblique plane is that which has an inclination 
to tile primitive plane. 

As the intersection of two planes is a right line, the. 
oblique plane will meet the primitive plane in a right 
line. 

Def. The right line in which an oblique plane meets 
the primitive plane, is called the trace of the oblique 
plane. 

Def. The trace of a plane is said to be given when a 
right line is drawn upon the primitive plane, so that the 
edge of the oblique plane, supposed to be a right line, 
may coincide with the line thus drawn 'for fts trace. 

Def. A parallel plane is said to he given when the 
projectant of any one of its points are given. 

Def. An oblique plane is said Co be given when its 
trace and inclination to the primitive plane are given. 

Or when its trace and the projection and projectant 
of one of its points are given. 

if F b supposed to be joined, the hypotenuse F 6 will be equal to 
the hypotenuse ¥ A in the oblique facts, But F E is equal to F c, 
and FI) equal, fo Ft; therefore the three sides of the triangle in 
the oblique face are equal to the three sides of the triangle FED; 
therefore the obtuse angle FKP will be equal to the supplement of 
the oblique face. 


of a right trehedral being given to find the inclination.? 

* The angle contained by the trace of a plane, and the projei tinn 
of a right lino contained in the plane, is one of the light faces of a 
right trehedral, and is situated in the primitive plane j liecaii'n: both 
the trace of the plane and the pi ejection of the light tine are 
situated in ttie primitive plane. The angle uf projection of the right 
line is the other right face of the trehedral, anu is in consequence 
in the vertical plane; and the angle which the right line makes 
with the trace of the plane is the oblique face of tha trehedrai. 

When it is said that an oblique right line is given, it must tie 
understood thiil the projection anil angle u f the projection uf tha 
right line is given. 

Wlirn it is said that an oblique right lino is required, it must ho 
understood that the projection anil angle of projection are lequircd. 

When the tmcu of a plane is required, it must be understood 
that the projection of the right line must be given, and the angle 
contained by its projection and the trace of tliu plane must either 
bo given or found. 

When the projection of a right line contained in n plane is re¬ 
quired, it must be understood that the trac« of the plane must lie 
given, and the angle which the trace makes with the piojcction of 
the line found. 

Of tho two inclinations of a right trehedrAl, the une, funned by 
the oblique face and tho primitive plane, is called for the sake ’of 
brevity the primitive inclination; and tho other, funned by the 
oblique and vertical faces, is called the vertical inc/intitioM. 

When only one of the two inclinations is concerned in the propo¬ 
sition, this inclination must be either given or required, but which¬ 
ever of the two it is, the right face which forms the inclination with 
the oblique face must be the adjacent face; that is, when the primi. 
tie; inclination is given or required, the primitive face must be tho 
atf/acent fact; and when the vertical inclination is given or required, 
the vertical face must be the-adjacent face. 

? This Problem is applied to the shadows of cvlindcra m all 
positions, to a given position of the Sun's rays, as also to tho sha¬ 
dows of polygonal and circular rings. 

t This Problem only ditfere from the last in the vertical inclina¬ 
tion being required in thia, end the primitive in (be last j but both 
are resotvablo into the very him case of tho trehedral, (20.) fig. 9, 
when we abstract the trehedral from any position in regard of the 
primitive plane. 

This is the case whieh applies to the ranging of hip rafters, when 
the angle which the hip makes with its projection, and the angle 
which the projection makes with the wall plate, are given. 
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Proposition, —Problem 8. 

(28.) To find the inclination of a plane, go that the 
plane shall have a given trace, and shall be parallel to a 

given right line. 

Let DE (fig. 14) be the trace of .the plane, C f V' 
the projection of the right line, ,V any convenient point 
in.D E,.and C any convenient point in V' C'; 

Make the angle C' V/B' equal to the angle of projec¬ 
tion, and draw V C parallel, nod make it equal to V? C'. 
Draw C A perpendicularly upon D E, C B perpendi¬ 
cular to C A, and C'B' perpendicular to C'V'.,, Make 
C B equal to C'B', and join AB. ThenCAB is equal 
to the inclination required. 

This Problem is equivalent to that of having the two 
right faces of a right trchedral tofitid ope of the inclina¬ 
tions, which is here the horizontal inclination, the two 
vight faces being C V A and C' V' B'. (17.) (20.) 

Proposition. —Problem 4. 

(•29.) The trace A V (fig. 12) of a plane, and a right 
line parallel to the plane being given, to draw a right 
line in the plane from a giyen point V, in the trace 
parallel to the gigen right line.*. 

Let D E be the projection of the right line, and let V 
be the given point in the trace A V of the plane. 

Draw V C parallel to E D, and at the point V with 
the right line C V, make the angle C V B' equal io' the 
angle of projection of the line." * ' 

Here we have now given the two right faces C V A, 
CV U' of a right trenedml, to find the oblique face, 
(23.) (24.) and we shall find that A VB is the oblique 
face required. 

Thus the oblique face will be‘found without pre¬ 
viously ascertaining the inclination of the planes.* 


Projection. 

Since a right line is given by having the position of 
the points in which it terminates, and a plane rectilinear 
figure by having the position of the right lines which 
form the. edges, a solid bounded by plane figures is 
therefore given when the points terminating ull the 
right lines which form the edges of its surfaces are given. 

Now as a point is most simply determined by its pro¬ 
jection and the length of its projectant, so also a solid 
in space, contained by plain luces, is most simply deter¬ 
mined by having the projections and the heights of the 
projectants of all its linear extremities. 

Proposition. —Problem 1. 

(3L) Any oblique plane, and the position of a point 
in that plane, being given, to find the horizontal projec¬ 
tion of the point. 

Let T It (fig. 16) be the trace of the plane, and M 
the position of the point. Draw M u intersecting T R 
perpendicularly in v, and draw v W making the angle 
u v W equal to the horizontal, inclination of the plane. 
From the point v, with the radius v M cut v W in n, and 
draw n m cutting uv perpendicular)y in m, and m is the 
projection of the point M. 

Or, thus: 

(32.) Let D be the given position of the point to be 
projected. Draw Dd intersecting T R'perpendicularly 
in g. In T R take any convenient point v, and’ draw 
v u perpendicular to TR, and make the angle u v W 
equal to tire inclination of the plane. In u W make v n 
equal to g D, and draw n tn meeting t> u perpendicularly 
in tn. Draw m H parallel to T K, and d is the projection 
of D as, requi red.* 


Carpentry. 


Proposition.— Problem 5. Proposition.'— Problem 2, . 

(30.) Two obliqne right liues being given, to find the (33.) An oblique plane and the projection of a point 
trace of a plane which shall contain one of the lines and in that plane being given, to find the position of the 
be parallel to the other. ., point in the plane. 

Let AB (fig. 15) be the projection of one of the Let Til (fig. 16) be the trace of the plane, and d the 
lines, and C D iliat of the other. . * projection ot‘ the point. Having constructed the angle 

Draw B E parallel to C D. Draw B F' perpendieu- uvW, draw d »i parallel to T R, meeting v u in m, and 
lar to IIE, and B F perpendicular to B A. Moke the draw mn perpendicular to on meeting b W in n. Draw 
angle B A F equal to the angle of projection of the line, d D perpendicular to T R, meeting T R in g, and make. 
of which the projection is AB, and make B F' equal to g D equal to v «, then D is the point required. 

B F. At any convenient point in BE, make the angle ’ 

B i A equal to the angle of projection of the right line, Proposition. —Problem 8. 

of which the projection is C D, and draw F / E parallel ( 34 .) To find the horizontal projection of the point 
to A Join A E, then A E joined is the trace of the jn which a given right line will meet a given plane, 
plane required.t (35.) Case l. YVhen the given right line is parallel 

— : — —to the plane of projection, it will, then he given wheu its 

* These two last propositions will he applied tb’‘cylindrical vault.' projection is given, and when the projeptant of any one 
ing upon an inclined plane, where they areindisneniiahle. . > of its points is given, v 

■t For imagine the right angled triangles A B P and BBF*, tohe ’ __ 

raised upuntheir butts AB and B E, until B F owl BFh each v ' 1 ' ■ ■ - - • « 

perpendicular to ths plans ABB. and the two right tint# BP and • This proposition will be useful when the inclination in the Sun's 
flr will coincide anu fits point F will coincide with.th* point F*. rays is giveu, and the inclination .of a right lino to the primitive 
Lett his point of coincidence be called O; tbs p:it Q wilt be a plana, to find the. shadow of the line. 

point in the plane t, hut (he true AS,'and conwque&tly the points * For two right lines, one drawn from'thc point and the other 
A, & are in the piano,hence th«sides AO Rad A Bart In the. plane, drawn fi\nu Uk projection, Will n*et the froce of the plane ini the 
Now, boemsiss CD anABK are parallel, and tbenngleBEG is,by same point,'and became B D is equal to u M, the right line D \L 
hypothesis, equal to the angle of protection, of the line of, which tho is parallel to T B; therefore the points D and M are in n t»^“* 
projection is C Dj arid because the too planes which confeiu the line parallel to the trace of the plane; hence the projections aie 
lines of which CD and BE raidthe projections are yerticolplanes, also In a right .Une purellel to the trace of tho plane; hence too 
they are parallel pianos. .. • . point d is the projection of the point 1). . v 

Hence the right line G B wllVlie parallel to the right line of fifedo Hum.- Tina lost pvrt will be often found convenient, for it 

which C Die the projection; but if a" right line b* parallel to a right many point* Were, to bo projected, it would be only necessary to 
lino in a plane, the rigid line iyjsafiuhtl to that plane| (Kerenre contract one angle forth# whole, and thus the unnecessary trrm.i 
the plane A F J «31 hi parallel(ttthe right line of which thb pro-. to construct an angle equal to the inclination of the planes, ter 
jeotioniaCD. ' : ' ■■■ every point to be projected would he avoided. 

YOU. VI. ■ ,• ’ '; f •' " ’ . 'Y "• •?. * **> 
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Carpentry. In tins efts* let 0 d (fig. 17} be the projection of the 
line, and let T R be the trace of the pluuc. In T R 
take any convenient point r, and draw t> v perpendicular 
to T R. Make the angle u o W equal to the horizontal 
Inclination of the plane, and from any convenient point 
p in v u draw pq perpendicular to vu. Make p q equal 
to the height of the projeclant of the point, and draw 
q n parallel to v tt, meeting » VV in «. Draw n m per¬ 
pendicular to v.u, meeting vn in m, and draw md pa¬ 
rallel toTR. Then d is the projection of the point in 
which the right litre will meet the plane of whieh the 
' trace is T R, and of which the horizontal projection is 


Applications of Projection in finding the Sections and 
Envelopes of Solids. 

The surfaces of ail solids are developable which can 
be itnagiued to be unfolded and extended so that every 
point in the surface may be in contact with a plane. Ot 
reciprocally, the surface of a solid is developable when 
a plane surface can be bent upon the surface of the solid 
so that all Us parts may be in contact with the surface of 
the solid.* 

Propositions—P roblem 1 . 


0 d. (38.) To find the oblique section and covering of a 

(36.) Case 2. When the right line is obliquely situ- g j m r prismatic solid, the plane of the section being 
ated to the horizontal plane, it must be given in this case g j veiu 

cither by having the projection of two of its points, and ^ prismatic solid is given when the plane which con- 
the project ants of these two points, or by having the tains the right section is given, aud when the section 
point of coincidence, in which the liuc meets the plane jtself in given in relation to the trace of'the plane.t 
and the projection and projeclant of one of its points. Let nftybe (fig, 21) be the given right section of 

Let erf (fig. IS) be the projection of the line, 0 the t he solid, and let yz be the trace of the plane which 
point of coincidence, and k the projection of one of its contains the right section; also let TR be the trace of 
points, of which the projeclant is known. the plane which contains the section required to be 

InTR take any convenient point v, and draw on found, 
perpendicular to T R. Make the angle « o W equal to From the points a, ft, 7 , h, « draw rtglit lines perpen- 
thc horizontal inclination of the planes, and draw 0 l ,l,- C ular toys, all meeting it in as many points as there 
and * p each perpendicular to u c. meeting u v in l and are right ] ines> an{ j these rigid lines will be the heights 
p. Draw p q perpendicular to u r, aud make p q equal of , he pro j ec tanta of the edges. From the point of sec- 
to the height ot the projectant of the point, of whieh the tj on j u y 2 right lines perpendicular lo y z, and 
projection is k % and draw the right line l q . Prolong / q tJ|WC lj ne » will be the projections of the edges upon 
to meet t> W in n. aud n m perpendicular to u v meeting thc prill ,j t j ve p ) anc . Let 0 d be the projection of the 
y w in m. Draw m d parallel to T U, and d is the pro- c(lgc of w | lich s is thc section, ami let 0 6 be the perpen- 
jection of the point required. dicular height of the point A, uiul 0 6 will be equal to thc 


Proposition.— Problem 4. 

(37.) To find the point in which a given right line 
will meet a given plane. 

Fig. 19 exhibits thc case in which the right line is 
parallel to the horizontal plane, and fig. 20 exhibits the 
case in which the right line is obliquely situated to thc 
horizontal plane. The notation or letters of reference 
being the same as in fig. 17 and 18. Let Ok (fig. 19) 
be the projection of the right line which is parallel to 
the horizontal plane ; find the horizontal projection d ot 
the point in which this right line will meet the given 
plane. (34.) Again, in fig. 29 let 0 be the point of coin¬ 
cidence in which the right line meets the horizontal 
plane, and let k be the horizontal projection of a point in 
thc line of which the projectant is known; then find 
(36.) thc horizontal projection rf of the poipt in which 
the right line in this case would meet the given plane. 
The remaining part of the process being the same for 
each figure; therefore, in fig. 19 or fig, 20, draw d D 
perpendicular toT R, intersecting TR in g; then the 
point n being already found by the construction which 
was necessary in finding the horizontal projection of Rio 
point in which the right line meets the given plane ; It 
only remains to make g D equal to v n, and D will be 
the point in which the right line will meet the given 
plane, as required to. be found.t 

■■ r:.. . . ..- .. * . 

* Fix let the plane of the angle u v W be turned upon , u until 
it become perpendicular to the horizontal plane, and upon this hypo- 
t hem*.the right line l a, and the right line of which t U is the pro¬ 
jection, will be in a plane, of whieh / / is the trace 1 and. becanaef / 
add T Rare parallel, the truces of the two planes axe parallel 5 there¬ 
fore the intersection of these pis nee ia parallel to each of the traces; 
therefore since it and D are in a right Una parallel to T R, the pro¬ 
jection of the points n and D era also ia a right’ lias parallel t;> T R. 

4 The res sun of this process ia so obvious, front (pat in the pre- 


projectant. 

Find rf, the projection of the point in which the right 
line, whore projection is 0 rf, and the height of its pro¬ 
jectant 0 6, meets the plane whose trace is T R and angle 
of inclination «t» W. (34.) (36.) (36.) In the same man¬ 
ner find tins projections ea bc of the points in which the 
remaining edges would meet the plane of section. 

Find the point D, in which thc right line, of which the 
projection is 0 6, will meet the plane of section, (37.) mid 
in the same manner find nil the other points; then the 
right ljnes E A, A 11, BC, CD, DE, being drawn, 
ABODE will be the sectiou required. 

(39.) Let it now be required to find the ilevclope- 
ment of the successive planes and the edges of these 
planes which will meet the plane of section upon thc 
right lines AD, BC, CD, DE. 

ceding proposition, that no demonstration seem* nocessury to com¬ 
prehend it These propositions being understood, the student will 
find their uses In Carpentry of unlimited application, particularly 
in the varioua sections of difficult construction, oa will lie sufficiently 
f simplified in this Treatise. We shall therefore proceed to upply 
them in finding the sections and coverings of such solids as are 
developable. 

* The covering of solids is of the greatest use in Carpentry 
aud Joinery, in. forming Ute soffits of arched doors, windows, or 

C ; the totals employed in tha formation of arches are generally 
of cylinder* cyliudmids, as ot touts, the surfaces of which am 
always developable. 

f this being tha cine, all the edges of the solid wifi be pnpen- 
4jan!ar to the pfeoe of sect torn But when a right line is perpendi- 
ebbs to a plane, tha trace of the piano and tha priMctum of tha lino 
upon another pinna will be perpendicular to eacVuthar, therefore 
th* projections of tha edge* of the solid in the primitive pUue wilt 
1m perpendicular to the tram of the ptune«C tectum. But as it la 
here supposed that the plane of section is petpendiculu to the hurt. 
sontaL plane j therefore the edge* of the solid end their projections 
will he parallel, 


Carpentry. 
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Carpentry * Prolong 1 zy to a", and at any convenient point «' in 

v —-/ the prolongation y a" from o' o'- cut off o' p' equal to 

a /9; from ft '«" cut off ft' y' equal to fiy; from 7 ' 0 " cut 
off 7 ' *' equal to 7 6 ; and from 6 '«" cut off S'o' equal to 
S «; and, lastly, make «' «" equal to eo. 

From the points o', ft', 7 ', S', «*, o", draw the right 
lines' o'a', ft'V, 7 ' c 1 , d'd', o'e', o"a", each perpendicular 
to o" o'; and from the points a, b, c, d, e, m the projec¬ 
tion of the section, draw the right lines a a', 66 ', c<f, d d\ 
e e', a a", parallel to 3 a". Join o' b r , V d, o' it, did, da", 
then will the covering required be the rectilinear figure 
«" o' a' V d d' da". * 

Fig. 1, pL ii. exhibits another example ‘in which the 
figure of the solid is. a setntcyiinder instead of a prism. 

. Proposition, — Problem 2. • 

(40.) To find the envelope or covering of a right 
semicone, the axis being situated in the horizontal plane. 

Let a be, pi. ii, fig. 2, be the section of a cone along 
its axis, and let 6 c be tho section of the base, then the 
sides a b and a c of this section are equal to each other, 
and each equal to any edge whatever of the cone; and 
consequently, the envelope or covering will be the sector 
of a circle of whitfii the radius will be equal to any edge 
of the cone, and the length of the arc equal 'to the semi¬ 
circular are of the base ; therefore, upon bens a. diame¬ 
ter describe the semicircle bfc, and from tho summit a 
of the cone with the length a c cf one of the edges de¬ 
scribe the arc cF B, and make the arc cF B equal to 
the semicircular arc c/b. Join B a, and ocB is the 
emclope required.* 

Proposition.— Problem 3. 

(41.) Given upon the primitive plane a section of a 
right cone along the axis, the envelope of the semicone, 
nmi n point in the envelope to find the projection of that 
point upon its surface. 

.Let a be (fig. 8 , plate ii.) be a section of the cone, 
and let AC B be the envelope of the semicooe, and let 
D be the point in the surface which is required to be 
projected. 

Through the points a and D draw the right line a F 
meeting the arc cBiuF, and upon be describe the 
semicircle bf c. Transfer the arc c F of the sector to the 
semicircular arc, making of equal to c F, aud draw/e 
perpendicular to' 6 c. Join ea, and from the point a as 
a centre, with the distanced D, describe the arc - D g 
meeting a c in g. Draw g d parallel to c 6 , meeting e a 
in d, and d is the projection of the point D.f 

* Fur imagine the semicuno to.bo so placed, that tho sides of the 
section through the Axis may he upon a 4 anil a c, Sad thd diameter 
upon l< c, And imagine the semicircle 4/c to he turned upon- Be a» 
uu axis until it* plane euincidc with the •eutiboeu of the cone; then 
oe the cuntre of the semicircle bf c coincides with the haw of tb* 
cone, the two KemicirctimfoMmces wilt coincide and become one 
semicircutnfereuce. Imagine, then, that the vector a e B is So bent 
that every point in the surface uf the cone will coincide with the 
enrface of the sector; then becalise every right line drawn, ftoin tho 
point a to the are C F B is equal to every right fine on the cone’s 
surface drawn from the summit a to .the semieitcudiferener of the 
hew, the arc of the sector will coincide with the eemicucunifcrence 
of the base of the cone, and therefore the cone will,b« entirely co¬ 
vered. ' V ‘ 

f For suppose the svmicunuto he enveloped with its envelope, 
then upon this hypothesis the right fine e f SHU be . pernepdiculnr to 
the plena ate} therefore-every,plane passing through,r/will he 
perpendicular to the plane 1 ,Be 1 hence the plane peseiQg along the 
right hues <*» end e/will he perjiemBculet totbo plans' a )«/ thaw 
fore the right lines/a aud e 0 Ajeiu tho same plane. 

Again. Htuoa the section tf a tone' parallel to its base kdt circle 
peqiemlieular to the axis of the cope, the section of, the semicone 


Proposition.— Problem 4. Carpentry. 

(42.) Given the projection of a point in the snrlacf of' 
a right cone upon a section passing along its uxis, to find 
the position,©! the developement of the point. 

Suppose the cone to lie placed upon the horizontal 
plane, so that its section along the axis may coincide 
with the horizontal plane. 

Let 06 c, fig. 2, lie the section along the axis, h cbeing 
the section through the circular base, and consequently 
a diameter of this circle, aud let d be the projection of 
the point upon the section a be. 

Join ad, which prolong to inert be in 0 , and upon 
6 c as a diameter describe the semicircle h fc. Draw ef 
perpendicular to 6 e, and from a as a centre with the 
distance «c describe the arc cF. Make the arc cF 
equal to the portion cf of the semicircular arc cfb, and 
joiu F a. Through d draw the right line i g perpendi¬ 
cular to A If, the axis of the cone meeting the side a c in 
the point g, and again from the centre a, with the dis¬ 
tance a g. describe the arc g D meeting a F in D; then 
D is the developement of the point of which, d ig the 
projection. v 

Proposition.— Problem 5. 

(43.) To find the section and envelope of the portion 
of a right cone comprised between the horizontal plane 
passing along the axis aud a given oblique plane. 

Let Ola (fig. 3) be the section of the cone along the 
axis, and let T 11 be the trace of the cutting plane, and 
let 0 1, 0 a meet T 11 in / and a. ' 

Bisect the angle 10 a by the right line 6d, and through 
any point in 6d draw y z perpendicular to 0 d, meeting 
0 1 in y and Oa in z. Upon y z as a diameter describe 
the semicircle yiz, and divide the semicircular arc into 
as many equal parts as there are intended to be points 
found in the section or in the curve of the envelope. 

Draw right lines through the points of division to meet y s 
perpendicularly,' and through the points of section in y x 
draw the right lines 0 6 , 0 c, 0 d, See. ; then 0 is the point 
where the right lines 6b, Oc, Od, &c. meet the hori¬ 
zontal plane, and the perpendiculars to y z are the pro- 
jectants of the paints in the semicircular arc. There¬ 
fore the projection and the' projcctant of a point in every 
one of the line# (if which the projections arc 6 b, 0 c, 6d, 

&c., are given, as well as-their common intersection at 
0 , to find the projection of the points in which these 
line* will meet the horizontal plane, (34.) (35.) (36.) and 
to find the points in which these lines will meet the plane 
of section, (37.) the trace and horizontal inclination of 
the cutting, plane being given. Let 6 , c, d,& c. be the 
projections of the points where the right fines forming 
edges of the conic surface would meet the plane of sec¬ 
tion, and B, C, D, &c. the points of section of these 
rigid lines, and the cutting plane; then by the last Pro¬ 
blem (42.) find 6 ', d, d't&c., the developement of these 
points of which the projections are 6, c, d, &c., and the 
curve «BC D.&c. will he the section; moreover, the curve 
will he the curve of the section of the developement. 

will be a Semicircle perpemlicoUr to the axis; bones 3 d a purl uf 
the diameter, and the ore of the semicircular section are both in the 
Sam* plane, aim! siuca the semicircular section is jwrieiulicul.ir to 
the Ards, all right lines drawn limn a to the semicircular arc are 
equal. Now, since by hypothesis the point F coincides with/i and 
th4 right line < 1 F With a/; therefore the point P will be in the 
right Bop. eif, toil because «D » equal to ag, the point 1) will bo 
ha tho aamietretoof which the diameter is y»; hence the jHimta 
d, D will he both in a rigid line perpendicular to the plane abet 
therefore 4 is the projection uf the point 0. 
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Carpentry. * v .. Proposition.-— Problem 6. ■*. 

(44.) To find the envelope of an oblique pyramid, 
given the base, the projection, and projeciant of the ver¬ 
tex upon the horizontal plane. 

Let abed (fig. 4) be the base and e the projection of 
the vertex. Then the figure fa'b'c'd'a", which is the 
envelope, may be found by (25.) fig. 13. But ns thieis 
of considerable importance in the Art'of Carpentry, we 
shall give the description here; the point e in this being 
the point g in that of fig. 13, and being common to all 
thfe sides a b, be, ed, da of the base, will render the 
description easy. 

Draw any right line e k through the point e. 

From the point e ns a Centre with the radii ea, eb, 
ec, ed, Ac., describe the arcs ah, b i, ck, dt, meeting 
e k in h, i, lc, f. 

Draw ef perpendicular to eJt, and make e.f equal to 
the height of the projcctant of the vertex upon e. Then 
from the point f as a centre, with the distances of the 
oint f from each of the points h, i, k, l, describe the arcs 
a', ha", i b', led. Id*, and in the arc h a' take the 
point fl".nt pleasure ; then from the centre a' with the 
side a A of the base cut the arc i b' in b', from the centre 
6 ', with the side be of the base cut the arc Icq' in e', from 
the centre c' with the next side ed of the buse cut the 
arc l d' in d', and from d' with the remaining side d a 
of the base cut A a" in a" Join o’ V, b'd, d d', d! a 1 ', 

also join- f a'; fa", and fa? V d d' a" will be the .enve¬ 
lope required* 

Proposition. — Problem 7. 

(45.) Giveh the radius of a cylindric surface, to find 
the envelope of one of the portions of this surface com¬ 
prised between two planes intersecting each other, so that 
the common section amt one of the planes may each be 
perpendicular to the axis. 

Let S T (fig. 5) be the axis of the cylinder. 

Method First. 

From any point Din S T draw DC perpendicular to 
S T, and make D C equal to the radius of the cylinder. 
Through C draw R U parallel to S T, and draw D B, 
making the angle C DE equal to the inclination of the 
planes. Let D E meet R U in E. From the point D, 
with the rad ins D C, describe the quadrantid arc ABC, 
and prolong D C to A'. Make the right line C A'equal 
to tha length of the arc A B C, and divide the arc A B C, 
and the right line C A', each in the same proportion, or 
equally into an equal number of ports. At the points 

I, 2, 3, &c. of section in the arc draw right lines per- 
ndicular to DC; and from the points of ted ion in 
C draw right lines again perpendicular to DC to 

meet D E. Likewise! from the points of section in A' C 
draw right lines perpendicular to A' C, and make the 
perpendiculars from the points of section respectively 
equal to the perpendiculars comprised between the right 
linen DC and DE, so that the perpejidieulars receding 
from A' towards C may be respectively equal to the 
perpendiculars receding from D towards C.. 

Tims, for example, from the second point of section 

II, in.the .are A BC, .draw 2p, meeting A D perpendi¬ 
cularly inn, and draw'p m perpendicular to C D, meet¬ 
ing ED mm. From the correspondingseepnd point 

• icto/itm. In this manner we they approxkririe to the snrfnee 
of an oblique cone, at that of say oblique pyramid, whatever may be 
the number of hs sMss. 


P, in the right line A'C, draw PM perpendicular tacarpcutiy. 

A' C, and make P M equal to pm. A sufficient number - -' 

of points being thus found, and the curve A' M ( E' drawn 
through these points, the triangle ACE formed by the 
right lines A' C, C E, and the curve A'M E will bp half 
of the envelope required. « 

But if the abscissas be increased beyond a quadrant, 
the ordinates will become less and less in reverse order; 
and when the abscissa is equal to the semwircumfcrcuce 
of the circle, the figure will end in an opposite vertex or 
point.* 

Def Any portion of the sinic figure contained by an 
ordinate and abscissa, and therefore the part next to the 
vertex, is called the vertical segment of the sinic figure. 

Def. Any portion of the sinic figure comprised be¬ 
tween two ordinates is called a truncated sinic figure. . 

< Def, If the abscissa of the sinic figure be a quadrant, 
the figure is called a semi-sinic figure. 

(46.) Ilencc we have another method of describing 
the sinic curve. 

Method Second. 

Let C A', fig. 0, be the abscissa for half the length of 
the curve, and C E the middle ordinate*perpendicular to 
C A'. Prolong A'C to G, and from the centre C, and 
with the radius C E, describe the quadrantal arc E G. 

Divide the arc G E into any number of equal parts, and 
divide A'C into an equal number of equal parts. From 
the points 1,2,3„&c., in the arc G E, draw the sines of 
the arcs G 1, G2, G3, &c.; and through the points of 
division in the right line A'C draw right lines perpendi¬ 
cular to A' C. Make the perpendiculars upon A' C, ns 
they recede from A', equal to the sines of the arcs in 
the arc G E as they recede from G; then the curve 
A ! M E, drawn through atl the unconnected extremities 
of the perpendiculars, will lie the sinic curve required. 

Def. If two sinic figures have the same abscissa in 
common and equal ordinates, these two sinic figures are 
called a cylindric right gore, us the fig. F A' E. 

Def. The figure comprised between two sinic curves 
which have a common abscissa, but the ordinates of the 
one less than those of the other, whether the curve be 
upon the same or on contrary sides of the abscissa, is- 
called an oblique cylindric gore. Such is F N A' M E, 

(fig. 6.) 

Proposition .— Problem. 

(47.) To describe an oblique cylindric gore, the dia¬ 
meter of the cylinder being given, and the inclination of 
the axis to each of the planes. 

■. . . . . . . . . . ... . - 

* Scholium. The figure thus described i* culled the onir figure. 

- Tor if anysucceasiouaf am be t&hen upon the circumference 
ABC, from the point A as their origin, au A1, A 2, A 3, Sic., the 
aineu of these area-will tut the right liueu druwn from the points 1, 

2, 3, See. perpendicularly Upon tlia radius A O, and will he equal to 
the portions of the right line D Q, intercepted between the puiot 11 
m their origin, aqd the nointxaf sectidn of the perpendiculars drawn 
from 1, % 3, fta, upon 0 C. Thus, let the portion of tha quadrantal 
me A B O tic A 2. Draw 2 p perpendicular to DC, meeting at p. 

Again, let A1 he 0 smaller portion Of the are, Uhl draw 1 y nerpen- 
dicutar to Dtl rheettng it tea. Drew p m fend a r each likewise pea. 
peodicular to*D C, meeting 1)K in or and r. plow Dp and D f are 
tbO aioes of <h« feree A I, ASj but, by similer triangle#, I)p w and 
Df r, we ebfeli hare this analogy, Op ! Do.'lpm : yr; thatie, 
pm and } rsea to one another as tbo tines of the area A 2 and A 1 j 
therefore, as the abscissae A1',- A3, lit the plane figure C A' M K 
fere equal <o the arcs A 1, A 2; and, as the ordinatos 1 Q end V M 
iqthe plane figured A. MB are euual to yr end pm, the onlinates 
IQ and P M are proportional to (he tinea of thfe corresponding arcs 
A i,A 2 of the right seetroa of tie cytiuilcr. • 
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Let S T (ft jj. 7) represent' the axis. Make (he 
angles T DE and T DP equal to the inclination of the 
two planes, and draw DC perpendicular to ST; in 
DS make DA equal to the radius of the cylinder, and 
describe the quad ran tal are ABC. Proceed with each 
of (he plane curves A'M E and ANP, as in (45,), 
and the figure FNA'M E. will be that required. 

Pao position .—Problem 8 . 

(48.) To describe a cylindroidat oblique gore for one 
quarter of the cylindroid, the vertex of the curve being 
in the extremity of (he axis major of a right qection of 
the cylindroid, the two axes of the right section being 
given. 

Let S T, fig. 8 , be the projection of the axes of the 
'cylindroid upon the horizontal plane to which the axis 
itself is parallel, and ictTDE and TDP be mode 
equal to the angles of inclination of the axis of the 
cylindroid to each of the two planes which comprise 
betdeeu them the portion of the surface of the solid-; 
which, (portion of the surface.) when developed, will 
form the cylindric gore required. 

Draw D C pyrpencliVular to S T. Join D S, make 
D A equal to tile seiiiiaxus minor, and make D C equal 
to the semiaxis major of the ellipse of the right section 
of the cylindroid. Having described the elliptic qua* 
drant A J3 C, proceed in the. same manner as in the last 
proposition for fig. 8 , and we shall have the spheroidal 
gore required.* 

Proposition.— Problem 9. 

(i!>.) To describe the gores in order to approximate 
to the covering of a spherical surface. 

Conceive the sphere to be divided into a number of 
equal parts by planes intersecting each other in one 
common diameter of the sphere, then each of these equal 
parts or sectorial solids are contained by three distinct 
surfaces, of which the figures of two are semicircles, 
ami the remaining one is called a spherical lune. 

Let a plane bisect the dihedral angle, contained by 
the two semicircular faces of one of the sectors, and its 
intersection with the spheric lunc will be the sernidr- 
cumference of a great circle ; now let a plane surface be 
ao bent and applied to the spherical iune that every 
point in the intermediate scmicircumfereucc may coin¬ 
cide with the surface thus applied, and if the surface 
thus applied be cut by the planes of tbe two semicircular 
faces, tile portion thus intercepted of the surface applied 
will be a portion of a cylindric surface,t and will be the 

• Scholium. The envelopes of cylindrical, prisinaticsl, conical’ 
ami pytamtilieal bodies may be correctly (bund in one piano finite ; 
hot the sutfoceof a nondewlopablo solid cannot by any means be 
Unfolded into a plane xurfiica, nor can the figure be altered, without 
breaking it in all parts. Such are the surfaces of conoids which, in 
course, include those of spheres, spheroids, Ac. 

+ PuoeonrioN .—Theorem T. , 

(50.) AI1 right linen drawn through any given points in the cir¬ 
cumference of a great circle of the sphere perpendicular to the plane 
of that circle, ass tangents to the spheric sur face at these points, 
and. ore in acylindric surface of. which the groat circle is aright 
section. • , * 

For, let a diameter of the sphere' l>a drawn perpendicular to the 
ptaue of this cirrfs, (which let .bo called the primary circle^) and the 
diameter the>xie of the primary circle ; ,ai)d let another great cir- 
pa** through, any one of the given points in the circumference, 
anu through the poles of the prftpnry circle, and bt Uris circle bo 
called « secondary or meiidionaJckcWr the .cvcumftwwca of the 
circle •wiU. hc divided into uur const parts by; tbe axis, 
aud «y the circumfMedoe of the primary erveta. Nop because in 
any aemkircto whatever a. ngbi fine drawn, through the point at 

. J ' * ; ' w. 


nearest approximation to the surface of the spherical Canwntrv 
lime; therefore, to construct a surface which shall b e the ^ y 
nearest possible, approximation to the entire surface of 
the sphere, we have only to form the figure of tbe tie- 
- velopemcnt of owe. of the cylindric parts, which bein-r 
done, will serve as a mould in drawing the remaining 
parte, the whole being bent and fixed together no tlia't 
the vertices may meet, and the adjacent edges come in 
dose contact; then a cylindric polyhedron consisting of 
as many obtuse angles as there are parts will be funned, 
and. this polyhedron, if tbe number of cylindric parts be 
many, will not differ in any perceptible degree from llmt 
of the spherical surface. 

■ _ Fig- 0 exhibits the great circle of the sphere with the 
divisions, and also the figure of one of the parts in 
deveiopcmenl; the letters of reference are the same a* in 
fig. 5, which is only required to be understood in older 
to understand this. 

Proposition.— Problem 10. 

(52.) To find the covering of the surface of a spheroid 
approximately, the fixed and revolving axes being given. 

Because if a spheroid be cut by any plane whatever 
through tite centre, a cyllndroidai surface may be so 

- —-- - -. - 

bisection in the arc parallel to tliq diameter is a tun-rent to the curve 
at this point; therefore a right line drawn parallel to the avia which 
is the diameter of the secondary circle of the sphere through one of 
tile points in which the two great circles intersect, will he a tangent 
to the circumference of ttie secondary circle at the same point, and 
since this tangent is parallel to the avis it is perpendicular to flio 
plane of (lie primary circle. Tlien, since a right hue which is a 
tangent to a great circle at any point, is else a tangent to the 
spheric (airfare at the same point, hence a right line drawn through 
any given point in the circumference of a great circle of a sphere 
perpendicular to the plane of that circle, is a tangent to tho 
spheric surface ; mid as the same may he proved of every light line 
drawn in the same manner, hence all right lines drawn through 
any givep points in thu circumference of a great circle perpendicular 
to the plane of that Circle, being tangents to the spheric surface and 
perpendicular to the plane of u grc.il circle, ore in a cylindric sur¬ 
face of which tho great circle is a right section. 

Proposition ,—Theorem 2. 

(51.) If two or more great circles intersect a minor circle and 
intersect each other in ore common diameter of the sphere, and if 
this diameter pass through tho centre of the minor circle as its axis, 
all the tangents to tbe gi fcat circle at tho points in which their cir¬ 
cumferences intersect the minor circle are tangents to tho spheric 
surface at the same point, and are all in the surface of a right cone 
of which the minor circle is the base. *. ” 

For all semi-great circles of tho sphere are eq.ml, therefore the 
semicircle* which have the a* is of the minor circle lor their common 
diameter arc equal; and because the plane of the minor circle-wilt 
intersect tho surface of every semicircle in a right line perpouilk-ulnrto 
the axis *s an ordinate, henco all tho ordinates of the semicircles will 
he equal, being drawn from the same point in the common diameter - 
hence all the augks formed by the tangents to the semicircular arc* 
at the Extremities of thu animates arc equal; and because, the axis 
is at right Bugles with every ordinate, and that the angles formed 
by the animate* and the tangents are acute on the wide of the minor 
citde t d, the nearest pole, and since tho tangent* aud the axis are in 
the aame plane, the tangents will necessarily meet tbe axis and 
form as many right angled triangles as there are tangents ; but as 
any one of these right angled triangles has two angles, and the iu- 



liypoteuuaes are equal, end the perpendiculars opposite the angles 
contained by the oniinates and the tangents are equal; aud since 
they coincide with the axis line, and have one common extremity at 
the point! in which the ordinates intersect, (he other extremities will 
also coincide ina common point; heuce all the tangents are in the 
surface of a cone, of which the baso is Die minor circle, ami the axis 
the intercepted part of the axis of thu minor circle and Die conic 
surface, is. a tangent to the spheric surface at every punt of tho cir¬ 
cumference of the minor circle. * 
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Carpentry, formed and applied to the spheroidal surface, that the the semi-axis major. Thus let the projection of one of Carpentry- 
w ‘v**' two surfaces will only come in contact in every point of the gores be i) E P. Prolong E F to C, and draw D C 
the cnnre of the section of the spheroid.* perpendicular to JSC, and DC is the semi-axis major. 

The entire ellipse, fig. 10, is a section through the The method of forming the gore is given (48.) and 
axis of the spheroid, the curve is divided into equal applies here also, the letters of reference being the same 
parts and right lines are drawn to the centre; these right in both ; the gore being found is here exhibited by the 
lines are tile projections of the joints in which the boards figure EFN A'M E, as iu fig. 8, 
meet each other. If every two adjacent lines lie pro¬ 
longed to meet a tangent to the intermediate curve Another Method . 

parallel to the chord, I lie triangles thus formed will be (54.) Let the circle ABCH (fig. 11) be a great 
the projections of half the gores. To find the dimen- circle of the sphere, ntid let CO be n radius of the same, 
sions of the spheroid for any particular gore or part. Draw tin; diameter II B at Tight angles to A O, and 
the semi-axis minor of the spheroid will also be the divide the arc C H into a number of equal parts, C d, 

■ semi-axis minor of the cylindroid for every gore what- d e, if fg, Sk., so that the chords may be very small, 
ever'; and for any particular gore, draw a right line from Draw the right lines d d', ed, ff, gg\ &c , parallel to 
the centre perpendicularly upon the Jangent, or tangent (he diameter H B to meet the opposite part of the cir-' 
prolonged, and the length of this perpendicular will be cnmference, and .because A 11C il is a great circle of the 


* (53.) For let the section through the centre be culled A, and 
let 3 section through the axis, perpendicular to the plane of the sec¬ 
tion A, be called B, and let a third section, parallel to the section B, 
be called C. Then the sections B and C will be cut by the section 
A in right line*, which will be parallel to each other, and will be 
diameters to the ellipses of the suctions B and C; therefore since 
all parallel sections of a conoid are similar figures, and have their 
corresponding diameters parallel, the tangents at the extremities of 
these diameters will bn parallel to each other. Now every riifht line 
which is a tangent to the curve of nay section of a solid, is also a 
tangent to the surface of the solid, therefore the two parallel right 
lines which are tangents to the curves of the sections B and ere 
also tangenls to the surface of the spheroid; but the same two 
points of contact in the curves of the sections B and V, are also 
points in the curve of the section A j therefore the two parallel right 
lines, which me tangents to the spheroidal surface. h.mi only their 
points of contact in the curve of the section A. In the same man¬ 
ner it may be proved that any other right line which passes through 
any other given point in the curve of the section A, parallel to tan¬ 
gent to the curve in the section B, is a tangent to the surface of the 
spheroid; hence if these tangents bo ever so numerous, being all 
parallel, they are iu the surface of ft cylindroid, which will touch the 
spheroidal surface only in every point of the curve of the section A. 

Schat ium. Another method of finding the coverings of solids of 
revolution, is by supposing in hay such solid that it hi divided iuto 
a great number of parts by plaaes perpendicular to th* avis of rota¬ 
tion, so that the chord* of the curb surface may l* all equal and very, 
narrow, the spherical surfaces of the frustums wilt not differ sen¬ 
sibly from thowarfice of the frustums of right cones which are de¬ 
velopable. Now as file covering of every right cone is the sector 
of a circle, of which ths radius is equal to- an edge of the cone, and 
the length of the arc of the sector equal to the circumference of tho 
base of the cone, and because similar cones have their angles of 
development, that is the angles of their sectorial coverings equal; 
and since the frustum of a cone h the portion of a cone that remains 
after cutting off the part next the vertex by a plane parallel to the 
■bsse, and as tho part Bins cut off is a cone similar to the whole 
cone. 

Therefor*, if the angle of developement of a right conic surface 
be found, the truncated sector which will cover any give a frustum of 
Bus cone will be found; by describing, from the vertex of the angle 
of developement, with radii respectively equal to an. edge, of U» 

. yrhole cone and equal to an edge of the part cut off two ares, then 
the fuuMdded figure contained by the two are; and the portion* of 
the rigfat line forming the angle jof developement intercepted by the 
to the covering required. 

ut| since the edges of a right cotie ate equal, any edge of such 
/done is equal to the hypotenuse of a rigid angled triangle, of which 
noa of the legs is equal to the oris of tha cone and the other equal 
to fa* radius of tho circular base; therefore, in order to God the 
xa4iu*,of th* sectional covering from the given-cone, we have only 
toeoohimct foeh a triangle, of two such triangle* being joined so 
that they CM/ have a common leg equal to the length of the axis, 

. will form. U' isosceles triangle, of which the hypotenuse will lie the 
equal tide*, end-the two remaining toga will be equal to the di» 
motto of the circular hose. • 

Thefeoeevlos triangle ths* constructed will be equal to a section 
of the .emu through its axis. Wa shall now apply the principles of 
describing ihf covering of cones, or uf their frustum, to the cover¬ 
ings of'sp&erjcal suiCmm. 


sphere, its plane will pass through the centre. Let the 
sphere be cut by planes through the points d, e, f, g. Sic., 
perpendicular to the radius C O, and the curved surfaces 
of the parts will very nearly be the frustums of conic 
surfaces, and the sections of these solids through the axis 
are the surfaces comprised by the parallel right line 
d <t, e d.fP, Sue. Therefore, if OC be the axis, join 
d C, then a C is the radius of the sector which will cover 
the surface of the sphere, of which the triangle edd 1 is 
the projection, or which will cover the surface of the 
part of the solid of which odd’ is a section through the. 
axis. 

Prolong O C to any convenient length, and join d c, 
effg, &c. ; also prolong c c, ft, g h, &t., to meet the 
prolongation of the axis DC in the points klm, Sic. ; 
the right lines e.k, dk Ore equal to the distance of the 
vertex of the cone (o tlie circumference of each end ot 
tha conic frustum, and of which a section through the 
axis is dd'e'e, therefore, from the point k, with the 
radii kd, k e, describe the arcs- dq, er; then the figure 
edqr is a part of the covering of the surface of the 
conic frustum of which the section is detfd'. In like 
manner the coverings of tile remaining frustums may be 
found.* 

Application of CyHndric and Conic Surfaces to the 
Soffits of Doors and Windows. 

Drf A soffit is the lower surface, or intrados, of the 
part of a wolf suspended over the aperture of a door or 
window between the jambs. 

We shall treat only of such soffits as are the under 
surfaces of arches, mid those only which are develop¬ 
able, and therefore easily described in piano. 

Proposition.— Problem 1. 

■' (55.) To find the developement ih the construction 
of a cvlfndric soffit .perforating a straight wall, so that 

* These met'iotk of covering a spheric surface Buy be distin¬ 
guished by the names of the cylindrical and conical principles, as in 
file fimhwr case we approximate to the. spherical surface by meant 
of cylindrical surfaces, and in the, latter we approximate to the 
spherical surface by mesne Of cofik surfaces) the conic method it 
the mint easy in its general application, the principle is the tame 
whether the solid.he * sphere or a spheroid Of conoid, so that the 
.solid may be divided by planet perpendicular to the axil of rotation. 
.The tome method, however, reinures more fnateruds to cover the 
solid than the cylindric method; and in.the most usvtul solid, 
which is the Where, it* application is abundantly easy; since when 
oolt flgnre it formed--the remaining onto.may earily be descrilwd 
without constructive fines, only employing that which was found by 
• construction os*mould, 
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Carpentry, the axis of the cylinder may be parallel to the horizon, 
and in any given position in respect of the plane of the 
surface of the wall, the radius of the cylinder and the 
thickness of the wall being given. 

' Let the parallel right lines BC, A D (fig. 12) be the 
intersections of the faces of the wall, with a plane paral¬ 
lel to the horizon. Draw the right line B A so that the 
angle C B A may be equal to the angle which the axis 
of the cylinder makes with the plane of the wall, and 
prolong A B to any convenient point £. Draw E G 
perpendicular to A E, and make £ G etpial to the diar 
meter of the cylinder. Draw GD parallel to EA, 
meeting B C in C, and upon EO as a diameter describe 
the semicircle E H G. Prolong G E to I, and make 
E I equal to the developement of the semicircular arc 
• E H G. Divide the semicircular arc E H G and its 
developement EI each into the same number of equal 
parts, and draw right lines through the points of divi¬ 
sion in the semicircular arc to meet the base E G. From 
the points of section in E G draw right lines parallel to 
G D or E A, to intersect B C and to meet tha right line 
A D, and from the points of division in EI draw right 
lines also parallel to K A, and consequently perpendi¬ 
cular to E f. Find points in the parallels drawn from 
the points In EI by transferring the parallels comprised 
between the right lines E C and E G, so that the dis¬ 
tances as they recede from A E on each side of it may 
be respectively equal, and through the points of division 
marked upon the parallels draw the curve & L B. 
In the same manner find the curve MNA and join 
KM, then KLBANM is the developement oi the 
cylindric iutrados or soffit required.* 


* la order to prove tho truth of thin, it is oaty necessary to show 
that the developement will, when proiierly tout, coincide with the 
cyliudrie surface, aud its edges with the two planes which arr. per¬ 
pendicular to the plane of the uxis of tlia cjUnder, anil which are 
the faces of the walls. 

The following are the propositions in which tho demonstration 
depends, viz. 

Every right tin* which is parallel to the plane of projection, is 
projected into a right line equal to its own length. 

Every right line ami its projection are in a plane perpendicular to 
the plauo of projection. 

Every point which has a projection is in a right lino perpendi¬ 
cular to the plane of projection drawn from the projection of the 
point. 

Now, since tha plane of projection contains the axis of the 
cylinder, and all the right lines on tlie curved surface of the 
cylinder are parallel to the axis, therefore all right lines upon the 
surface of a cylinder an projected upon a plane which contains the 
axis, into right lines of equal length and also parallel to the axis. 

Let the plane of the semicircle KHfibo raised upon the right 
line KB perpendicular to fire axis, end suppose the semicyfindor to 
1 m placed upon the section so that the axis may he upon ¥ B, and 
the centre of tho semicircular bane upon the point V; then the 
■emirircumTerenee KUtt will coincide with the nmicircumference 
of the end or base of the cylinder. 

Then, because if in the plane of developscAent two tight lilies 
form a right angis, and if one of them be applied so as to coincide 
with any edge of a cylinder, end if the piano of 1 developement con¬ 
taining them he bent upon thu cj lindric surface so that all tha points 
of the two surfaces shall coincide, then the other right line'wdl fall 
upon tint circumference of a circle which will be a right section of 
the cylinder. 

Moreorer, if two right linse in n plane are parallel, and If ona 
of these right fines bn applied to any edge of a cylinder, and tho 
plana so beat upon the cyhndrie surface that oil- the points of the 
two earthen* may coincide, 1 (hen the other right fine trill coincide 
with another edge of the cylinder. 

Therefore, in the developement, atone the right'lire KI is the 
length of tb* se m i riiw d a r ere, and bpto th* right line E I end tbs 
se m ic ir c ular a*e divided into the same number of equal parts, and, 
ram the right lial&Lis perpendicular to the ed go K« of the 


Def A surface is said to be perpendicular to a plane Carpentry, 
when a right line, drawn from any poiut in the inter- * 
section or trace of the. surface perpendicular to the plane, 
coincides in all parts with the surface.* 

Proposition .^-Problem i. 

(56.) The plane- of a circular wall being given, the 
radius of a cylindrical soffit, and the direction of the axis 
of the cylinder in a horizontal plane, to describe the 
developement of-the soffit. 

Let AEG and BED (fig. 13) be the plans of the 
faces of the walls, and Iht them be parallel arcs of circles; 
then the two faces of the walls will be concentric, cylin- 
dric surfaces having their axis perpendicular to the plane 
of the horizon, that of the aperture being parallel to the 
horizon. Let G F be the direction of the cylindric 
surface of the aperture passing through the axis of the 
faces of the cylindric wall. ' Draw A B and C D each 
parallel to G F, and at a distance from G F equal to llte 
radius of the cylindric soffit, and draw the chord C A of 
the arc of the concave side of the plan of (he wall. Then 
ABFDC may be supposed to be a horizontal section 
of the cylindric part of the iutrados of the arch through 
the axis upon which Hie soffit is to be formed. Upon 
AC as a diameter describe the scmiciicle A II C, and 
prolong C A to I. M ake AI equal to the developement 
of the semicircular arc A I! C, and divide the arc A IIC 
and the right line A I, each into the same number of 
equal parts. 

Through the points of division in the arc A II C draw 
right lines perpendicular to A C to meet it in as many 
points as the perpendiculars are in number; and from 
all the poiuts of section in AG draw right lines parallel 
to A B, intersecting the curve AEG, and meeting the 
curve B F D each in as many points as the number of 
lines which are parallel to A B, drawn from the points of 
section in AC. Through the points of division in AI 
draw right lines parallel to A B, and upon each of these 
right- lines receding from A set off the respective 


cylinder, therefore if the developement A E IM N A be bent upon 
tilt cylindric surface, anil if all the points in both surfaces lie m 
contact, the right line E I will fait upon the arc of the semicircular 
base, aud the points of division upon the corresponding points of 
the semicircular arc, and all the right lines which were in the do- 
velopement will bo parallel right linos upon the cylindric surface, 
And will therefore b* parallel to the avis; and aa these right lines 
pass through jxiints in the circumference of the base, and as those 
points in the circumference of the hose are the tipper extremities of 
right lines perpendicular to the plane of project; ; ., sad (he other 
right lint * drawn in the plane of projection from the foot of the per* 
psndiculsr are parallel to the axis,- hence the right lines upon tha 
cylindric surface drawn from the opper extremities of the perpendi- 
tars, and the lines drawn from the leet of the perpendicular* m the 
phuie of projection, are in planes perpendicular to toe piano' of pro¬ 
jection, via. every two which we dr taro from toe same perpendiculars 
ate in a plane perpendicular to tho plane of projection and parallel 
to the bus ef the cylinder;' hence the right linos which ore drawn 
in tbs plauo of projection parallel to tb* edges of the cylinder, ore 
too projection* of the right lines which form the edges of (lie 
cylinder, and, since alt the points of these edges ore equal to the 
corresponding parts of their projection*, all th* point* in the plane 
of projection must be the projections of the points upon the cylindric 
surfkce; and a* the Curves pas* through these points in the cylindric 
surface aud th* right tines which form the Dues of the wall pass 
torongh, the.points in the plane of projection; therefore, the whole 
developement will coincide with those fine* on toe cj limbic surface 
ef which the .projection* are given. 

* ScKatutm, The following theorems are indispensable, and are 
obtest self ..evident of taemseives; but, as the last two require many 
wolds jo connect the chain of reasoning, we shall be under the 
necessity of omitting the demonstration, and so remain satisfied with 
the qaunc i atioaa of toe propositions. - 
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Carpentry, distances comprised between the chord AC and the 
curve A E C. Through the extremities of the distauces 
draw the curve T K A, and, in the same manner, draw 
the curve bMB, and join II; then the figure A M B 
LIKA is. the deveidpement of the soffit requited.* 

Proposition.— Problem 3. 

(59.) To, draw a tangent to cither of the curves in 
the developemeiit of a cylindrical soffit in a straight wail, 

. the axis of the cylinder being parallel to the horizon, but 
obliquC to the Face of the wall. 

Let it be required to draw a tangent at the point L 
(fig. 12) in the curve K.LB. Draw L* parallel to 
A E, meeting EI in *, and make the arc E r equal to 
the right line Es. Draw rv, a tangent to the semicir¬ 
cular arc E IIG, at the point r ; and from any conve¬ 
nient point, v in rv, draw the .right line t it perpendi¬ 
cular to A E, meeting IE in t. Draw t u parallel to 
B C, ami rz perpendicular to E G, meeting EGins; 
also draw z u parallel to E A. Construct, in any con¬ 
venient situation, the right angled triangle xy w, so that 
the base xw may be parallel to El and equal to nr, 

, and that the perpendicular x y may be equal to z u. 
Through the point L draw J Q parallel to yw, and J Q 
is the tangent required. 

Proposition.— Problem 4. 

(60.) To drawn tangent to either of the curves in the 
developement of a cylindric soffit in n cylindric wall, 
the axis of the cylindric surfaces being in the same 
plane, one parallel and the other perpendicular to the 
horizon. 

This process is in every respect the same as the pre¬ 
ceding, except tiiat a tangent must.he drawn to a cor¬ 
responding point in the curve of thfc plane of the wall; 1 
and theu the tangent tq be used in the same manner as 
was done in respect of the light line B C. (Fig-12.) ■ 

Let it be required to draw a tangent through the point 
K. (fig. 13) to the curve IK A, wliich is the develope¬ 
ment of the cylindric soffit, and the concave face of the 
wall. Having drawn rz perpendicular to A C, draw 
z E parallel to A11, meeting the concave side of the 
plan of the wall in E; and through the point E draw 
P Q, a tangent to the circular arc A.E C, which is the 
plan of the wall. ' Then, having constructed all the 
parts, and the triangle xy w, as in the preceding pro- 

Fhofosltioh ,—Theorem 1. 

* (57.) If a piano A, and any surface B, be each perpendicular 
to a plane C, the common intersection of the plane A and the sur¬ 
face B will be a right line perpendicular to the plane C. - 

PnopouTiiw .—Theorem 2. 

If any right line be drawn parallel to the edge of a plane, which 
is also a right line, and if the plane be io bent that, when applied to■; 
a cylindric surface, the rectilinear edge of the plane may coincide 
with an edge of the cylindric surface, and the bent surface in all 
pointa with that of the cylinder, the other line upon tlio bent surface 
will fall alio upon an edge of the cylinder, or coincide in all points 
of it. 

' Phovosjtion— Theorem 3, 

(58.) If In any plane' A, pasting along the axil of a cylinder 
without the eolid, a point B be ao situated that the shortest dis¬ 
tance to the nearest edge C Of the cylinder tnay be less than the 
circumference, end if a right line D be drawn in this plane through 
■’ tbs point B perpendicular to the axil j. and if the plane he sc bent 
into a ct lived surface E, and applied upon the cylindric eurfiux*, that 
alf the points of the .two purtbcei may coincide, the position of the 
point B >» the henfemir&ce K Will be in another plane F, passing 
along the right line I) perpendicular to the first plane A' ' * 

f Oiitenution. As the first of these uinres in Prob. I. fig. 12,'of 
this section is the developement of the intersections of the surfaces 


blem, through K draw J N parallel to y «’» and J N is Carpentry. 
the tangent reqnircd'.f s- "' v '" w 


PRACTICAL CARPENTRY. 

Section I, ■ , 

The practical operations in Carpentry consist in the 
methods of preparing timbers and in joining them to¬ 
gether, so as to eifeet the end or purpose desired. 

Timber bars may be extended to any length in a right Junction if 
line, by joiuing one timber to the end of another as hmben. 
often as may be necessary to make the required length, , 
by cutting the corresponding ends which join, in such a > 
manner that every point of the part cut away in the one. — 

witl coincide with a'corresponding point in the other; in 
whichever of the two the point is taken. The ports 
cut away at the two ends of two pieces of timber 
which join are generally plane surfaces, and the joint 
ought to be such, that when the two timbers are joined 
and kept together, two forces applied iu a direction of 
the length of the two pieces thus united, may not be 
able to pull them asunder without brcaWing at the joint. 

Timbers joined in the manner now described are said 

to be tcarftd. This will be evident by inspecting figures Scarfing, 

13 and 14, which are the simplest forms of scarfiug. 

Fig. 13 exhibits. a plane scarfing, and fig. 14 a 
scarfing put together with two wedges in such a rnannt-r 
as to draw the joint close together The timbers of 
fig. 14, if held together sideways, without any pressure 
but that which is just sufficient to keep their surfaces 
straight, could uof be drawn from each other, when 
keyed or wedged, without splitting off some part or 
other at the joint. 

Timbers may also be joined either at oblique or at rigiit 
angles. The timber bars which form the enclosure 
of every frame used in building may be rectangular, 
excepting those which are employed in the different 
faces of a roof in order to support the covering. There 
is no reason, however, why the interior timbers of every 
frame comprised between the sides , of the enclosure 
should not be rectangular. The advantage of rectan¬ 
gular bars will appear manifest from the following con¬ 
sideration : if two rectangular bars have each two faces 
perpendicular to a plane, apd if the two faces of the one 
wliich are perpendicular to the plane intersect the two 
faces of the other wliich are perpendicular to the same 
plane, two intersections of these faces will be perpen¬ 
dicular to that plane. J . 

Whenever two pieces of timber are joined to form an 
angle; we shall always suppose that they arts rectangular 
bars, of which two faces are parallel to a plane, and 

-■ .. . ■■ -.■ _i— 

of n cylinder and that of f, plane, the method of drawing the tan • 
gents to thi intermediate points of the curvet in Gg. 5, 6, and 7, 
being of the same species, will be the same as hem shown. It will 
only he nctossnry to giro an exnmple.of the method of drawing a 
tangent to the extremity Of the rurve,,flg. 5. la A’ C make A d 
equal to D C, and draw <1 « perpendicular to A C. Nuke Je equal 
to C E, and tain A e.. Than A « u the tangent required..,-This de¬ 
scription will also apply to fig. 6 and 7. 

I The' trusses of a rtof aio the only flames in a building 'com 
prised between parallel planes which have not to support a covering, 
their Office being to support the weight of the too? which presses 
upon their sloping edges. .AH timbers in the trass of a roof ought 
to have each Two faces i&raltel to a .given plane, and the oilier two 
&ees perpendicular to that piano, in order that when they 'join, the 
• intersections of the face* which ere perpendicular to the plane may 
he in right lines perpendicular to the ether two tacos. 
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Carpentry, consequently the other two faces perpendicular to tluil 
plane, unless the contrary is expressed ; and thus, when 
4 one piece of timber is perpendicular to another, if the 

end of the one piece fit close upon the side of the other, 
that end must be in a plane perpendicular to any one of 
(he four arrises of that piece. 

Every timber in a building which terminates with a 
close, joint upon the-fuce of another, will have its end 
in the figure of a rectangle, of which two sides will be 
perpendicular to the plane of the angle formed by these 
two timbers, except in the faces of hip or iu hip and 
valley roofs, where the ends of the jack rafters and the 
ends of the purlins meet the hips. 

When the ends of a piece of timber join one of the 
faces of another piece of timber, and form such a joint 
that all the faces of the piece of which the ends .fit upon 
’the other intersect, and form a close joint, these two 
timbers may be firmly scoured to each other by means 
of nails or bolts, provided that the angle which they form 
Shoulder * s very oblique. This form of joint is called a shoulder 
joint. joint, and the end of the piece which fils upon the face 
of (he other is called the shoulder ; but if the directions 
of the pieces form a right angle, or approach nearly to 
a right angle, snub a method of fixing them cannot be 
secure, at least where one of them acts as a lever upon 
the other. 

Another method of fixing two timber bars at a given 
angle, is to cut the ends of each of the pieces, so that 
the) may meet each other in a plane perpendicular to 
the plane of the angle which the two pieces make, with 
each other, ami which will cither bisect that angle or 
pass through the intersections of the outer and inner 
faces of these timbers. This form of joint is called a 
M.tie joint, mil re joint, and the two pieces are said to be mitrrd. 

Hire the lengths of the mitring surfaces in both pieces 
are equal. The pieces which are mitred together may 
lie rendered much more, secure by means of nails or bolts, 
than when they are simply shoulder jointed, particularly 
when one of the pieces is required to act as a leverupon 
the other. 

One piece of timber may be joined to another liy in¬ 
serting a part of the one into an excavation of the 
other, or reciprocally by excavating both, and inserting a 
portion of the solid of the one into the hollow of the 
other. The surfaces which are thus concealed by being 
Close joint, brought into contact arc called a close join/.. A close 
joint may be made in an infinite variety of ways; by 
making the hollow of the one in 1 sueh a manner, that 
when the two pieces are joined all the points of the 
surface which were excavated in either piece may 
coine in contact with mnne point or other of the sur¬ 
face of the other solid. This is an universal method 
of joining timbers, but the inodes by which it may 
be done are of. infinite variety. Generally, whatever 
may be the office of n piepe of timber which is to be 
fixed to another, the excavation which is cut in the 
one piece in order to receive a part of the solid of the 
other, ought to be such that the surfaces may be in . 
planes either perpendicular or parallel to the face of the 
tithber from which the excavation may be made. The 
particular manner of forming the joint will depend upon 
the two following coses; tix. 1. when one of the pieces 
is fixed and the other in a state of tension; and 2. 
when one is flx,ed and the other in a state of compression. 
As every timber bar has a considerable weight, it cannot 
be kept stationary without being supported at least tinder 
one point; but die most secure supports will be under 
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.ts extreimt'es. For whatever be the kind of pressure to Carney. 

which a bar of timber may be subjected, it has also to - — 
support its own weight; and thus the formation of the 
joint of two timber bars to be fixed to each other at a 
given angle will depend upon the joint consideration of 
the species of strain and the weight of the timber. 

In forming the joint of two limbers making a given 
angle with each other, we shall always suppose that one 
of the pieces is fixed or immovable by some means or 
other, and the species of strain to which the other may 
be subjected given, and that the fixed piece has to sup¬ 
port the other. 

The case of tension requires the joint to be made iu 
such a manner, that it would be impossible to pull the 
piece of which the strain is given out of the fixed piece 
without leaving apart of the end of the one or the other 
or of both timbers. The operation of forming such a 
joint lias been called cocking, and the piece of limber in Cocking, 
the state of tension is said to be cocked upon the other.* 

When two pieces of timber are of the same thickness, 
and are required to be joined to cadi other in Hie form 
of a cross, the two parts may be so cut, that when put 
together they may be comprised between two parallel 
planes at a distance from each other equal to the thick¬ 
ness of one of the pieces only. This method is called 
notching, and when each of the pieces is reduced to Notching, 
half its thickness, by taking awi,y a .rectangular solid 
equal to half their thickucss, the method of notdiing 
is called holcing. Holving. 

When two timber bars are intended to be joined to¬ 
gether in order to form a cross,where one of the pieces is 
to be let down upon the other, two notches arc generally 
cut from the upper face of the lower bar, by taking 
away two rectangular solids, and leaving a solid part 
between tbc two notches, and one notch is cut from the 
lower face of the upper bar to fit the piece which re¬ 
mains. whole between the two notches in the lower 
timber bnr, so that when the two timbers come to be 
joined, two ends of the two notches of the lower piece, 
and one of the perpendicular faces of the upper piece, 
may be in the same plane, and the remaining ends of 


* The s*ate of compression requires only that the cm! of the 
timber may be supported from falling, and that it may cuinculo in 
all parts with the face of the fixed timbei : therefore any joint that 
will answer this purpose wilt be sufficient. 

Another consideration, in tho joining of twe limhtrs A and 1) 
together is, 1. when the length of the timber A extends from one 
of lha perpendicular faces of the timber H to any required distance 
before the opposite face of 0, and reciprocally when the length of the 
timber B extends from one of the piwpendicubir faces of the timlier 
A to any required distance before the opposite face and thus making' 
twp anils which form only one angle. 

2, When the length of the timber bar A extends from one of tho 
perpendicular fares to any required distance before the opposite per¬ 
pendicular face of B, and when the length of the timber bar B 
extends on hoili sides of the timber Mr A, without dividing it into 
two paiti^ and thus making three branches which form two adjacent 
angles. 

3, When the length of the timber bar A extends on both 
sides of tile timber bar B, and the length of the timber B on both 
sides of A, without dividing either of the timbers A or B into 
separate parts, end thus making four arms or branches, of which 
every two wilt make the opposite angles equal. 

The first of these modes is the weakest, the second is stronger 
than the first, and the third is stronger than the second, and con¬ 
sequently the strongest of the three. In the first, one is said to 
form an angle with the other, and is called the method of joining at 
an angle t in lha accond, ono timber is said to stand upou the othciy 
and is called lha method of joining at two adjacent angles ; and m 
the third, either timlier.extends on both sides of the Other, and U 
called tho method or the cross. 

ilv 
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Carpentry, these two notches in the lower bar in the same plane as 
the remaining opposite perpendicular face of the upper 
bar, and that, the depths of the notches in both pieces 
may be equal to the distance intended to be let down. 

In plate iii. fig. 15, the figure ef gh, No. 1, is a 
right section of the lower timber; ABC Done of the 
vertical faces of the upper timber. These exhibit the man¬ 
ner in which the Bolid part between the two notches of 
the lower limber fills the notch in the lower side of the 
upper timber. In No. 2, B T U V exhibits a part of 
the upper face of the lower bar, with the outlines 
ijk l, mno p of the notches, w x rq show the situa¬ 
tion into which the upper timber comes.* 

Though fig. 15 and 16 are essentially the same in 
.principle, fig. 15 is adapted to the cockings of roofs 
and floors upon wall plates. Here, as each extremity 
of a beam must be within the thickness of one of 
two opposite walls, and the two opposite wall plates 
are each in the plane of the two Interior faces of the 
two walls, die length of the beam cannot therefore ex¬ 
tend over the outside vertical surfaces of each wall 
plate in any considerable degree, perhaps not more than 
the breadth of the wall plate itself, if rightly propor¬ 
tioned to the thickness of the wall. In this case the 
weight of the beams alone, independently of the weight of 
the incumbent parts of the wall, gives sufficient pressure 
to keep them in their cockings when they are either 
pulled or compressed. This is the reason for diminish¬ 
ing tVie breadth of the solid break fc Ip o, between the 
two notches in No. 2, fig. 15, and keeping nearer the 
face in the interior surface of the wall than to the other 
vertical face inserted in its thickness.f 


Though, as has already been observed, fig. 15 and Carpentry. 
16, plate iii.,-are the same in principle, yet with respect ''“•V*—' 
to their use, they are adapted to very different purposes. It 
has been shown that fig. 15 is adapted to the juncture 
of the. tie beams of a roof to the wall plates, and it will now 
be shown that fig. 16 exhibits the best proportion between 
the tongue part of the joint, and the notches where the 
two pieces of timber are joined in the form of a cross in 
which the upper timber extends before the lower vertical 
faces to a considerable distance. In this case, as each 
arm of the upper timber extends before each adjacent 
face of the lower timber, there can be no danger of split¬ 
ting away the part between the notch and the,extremity; 
hence the breadth of the tongue klpo between the two 
notches of the lower piece may be made in the middle of 
the breadth of the upper lace of the lower timber, and, 
of much greater breadth than that in fig. 15, so that each 
of the two notches in the upper face. No. 2, fig. 16, 
will be much narrower than the width of the notch 
ijkl, fig. 15; by this means the strength of the piece 
ST U V, fig. 16, will not be sensibly diminished by the 
two notches.* 

Indeed, if the bridging joists were merely laid upon 
the binding joists without any notching whatever, the 
floor would l>e equally strong as it they had been 
notched. The only use, therefore, of notching and 
tonguing is to give the bridging joists a more steady 
bed upon tiie binding joists ; and this would often lie 
required when the binding joists are bent in the season¬ 
ing of the timber, or by taking a curved direction after 
the operation of sawing. 

The proportion between the breadth of the tongue 
and that of the notches, and the situation of the tongue 


* It is dow evident that if the lower be* STUV were im¬ 
movably fixed, and the upper timber bar w x r 3 were kept dotra 
upon the lower timber bur STUV by any sufficient pressure, that 
it would be impossible to draw the upper bar from the lower one, 
by any force polling in a direction of its fibres ; but when one of 
the arms uf the upper timbers extends imly n very short distance 
(tom the adjacent vertical face, as in fig. 15, the part to t k l of the 
abort arm underneath, between the notch and the extremity. Would 
be liable lo split off: for this reason, die solid part / * a p is not 
only made narrower, but brought nearer to the face adjacent to the 
long arm, than if both had been long arms, as >u fig. 16. 

f It cannot be properly Haiti, that when timbers are perfectly 
straight, any timber bar is editor drawn from ur compressed to¬ 
wards the wall plate, because the euds of the bar only lie upon, the 
wall plates, and therefore their weight only presses perpendicularly 
upon them. However, as all timber is liable to bend, and if it bend 
by not being sufficiently strong, the under edges ef the beams will 
descend' from each extremity to the middle in a curve, and will 
therefore Turin a wedge, which will endeavour to separate the two 
opposite walls to a more remote distance, in this respect these 
teams will'be actually drawn in a direction of their tangents to the 
extremities uf the curves upon the under edges of the teamsj and 


ported at the foundation, or from bod building, by which the walls 
may contract mere upon one side thau upon tte otter. To verify these 
observations, many floors have fallen down, hi id this could not have 
happened unless by the spreading of the walls. There is not so 
much danger to be apprehended from' the tie heams of a well-con- 


the tie heams of a welbcon- 


in regard of the horizontal breadth of the titnber, from 
which it incut, is not only applied to lire joinings between 
the bridging and binding joists in floors, but also to the 
joinings between the common rollers and purlins, and 
between the purlins amt principals in roofing. 

Fig. 17 exhibits another distinct method of cocking 
wall plates upon tic beams by dovetail joints. But by 
this method of forming the joint between two timbers, 
when the upper timber shrinks tbe dovetail tongue at 
the end will also shrink;.and thus th« joint will open. 
And hence in the case of an extending force, the upper 
piece will be liable to be drawn away from the lower 
piece ; but-this cannot be the case when the tongue of the 
lower piece runs across the breadth cf the upper piece,. 

tlus ends ef the lis teams) for if the principals were supported by 
the wall plates, thu wall plates would have a tendency to separate 
frem each other, aud nothing could prevent this separation except 
the cockings at the ends of the tie Imams. 


points, w as to divide the length into equal intervals of short bear¬ 
ings: moreover, the weight'.of the roof is discharged upon the 
tie teams in tiro different directions from each end, so that in each 
md one direction is perpendicular to tbe horiaou, aud the other ia 
' parallel to' ft. The tension of the tie beams is sufficient to resist 
tfea force of extension without making any sensible alteration in 
flask length ; therefore the only effect whjsh the roof can hove, is . 

pesprndiculu pressure upon each wall equal to half its weight 
The cue stolid be very dim-rent if Die ends of the principal tollers 
were supported by the wall plates, instead of being supported by 


• This proportion and situation of the tongue, in respect of the 
breadth of the upper honsontal face, in which it is situated, as shown 
in tig. 16, is proper for one of the-joints between a bridging and 
binding joist, as the area of the right section uf the binding joist is 
not diabnished in any considerable degree. This case, as the bind¬ 
ing joist is only supported by opposite walls, or between a girder 
and the r.jili, or between two girders, requires the binding joists to 
te of the greatest possible strength, and differs materially from the 
ether case, in which the wall plate is in the same situation in 
rotpect .of the binding joists as the binding Joist is with respect to 
the bridgingjj^iist; and in the mode which fig. 15 exhibit*, thu wall 
plate is supported in every point by the stone or brick work under¬ 
neath, which is levelled for the purpose of receiving the lower lioti- 
sontal face of the well pinto; but as to the binding joist it is quite 
unsupported except at its extremities, and therefore the Tern the 
subitance is diminished in any part the reeistance which it makes 
will te greater. If the binding joists are sufficiently strong, any 
moderate pressure hud noon its middle will not have any seusihlu 
effect in drawing the bridging joists, between which it is sus¬ 
pended. 
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Carpentry, anti its being marie so my narrow leaves but a 
small breadth for shrinkage.* 

A mortise is a recess in the figure of a prism from any 
face of a piece of timber to any depth, or even entirely 
through the timber, and a tenon is a part left on the etid 
of a piece of timber, proceeding forward generally from 
a plane surface in the form of a prism, so that one 
of the parallel ends may be in the plane from which 
the tenon proceeds, and the othe* end the extremity of 
the tenon, and that the remaining faces of the tenon 

may be parallel to the'faces of the timber from which the . r. , . 

■Shoulder of tenon is made. The apparent part which forms a bonier mff . m nght- lines perpendicular to the base, 

a tenon. roU n<l the tenon is called the shoulder of that tenon. m * mber of ' tbcf * P«h‘» on the one side of 


Section II. 

A frame consisting of timber bars so constructed that 
every bar may be divided longitudinally by a plane 
into two symmetrical parts, and that the section of the 
Inime made by this plane may also consist of two svm 
metrical parts on each side of a right line.perpendicular to 
the section of one of the outer edges called the base; more¬ 
over, that if two extremities of the ba.se be supported 
and if forces be applied so as to act at certain other points 
upon the surrounding edges of the frame in the bisect- 


Curpentry. 


One piece of timber may be joined to another by 
means of a mortise and tenon adapted to each other bo 
as to have a close joint; hence the shoulder of the 
tenon will coincide with the face of the other timber 
from which the mortise is recessed, and because the 
timbers are generally rectangular bars, and when one 
bar is joined to another, the tenon if cut through in the 
same plane with the shoulder will be a rectangular pa- 
rallelo piped. The manner of joining rectangular bars by 
means of amortise and tenon is of excellent use where it 
is required to cgufine a piece of timber between two 
others which are firmly supported, and the piece be¬ 
tween only to be supported by these timbers, considering 
it either in a state of compression, or by being strained 
transversely by a fbrce.t . 


• The method of rectangular notches, ami a rectangular tongue, 
of which (he apparent sides are parallel in tho sides of the timber, 
is of very late introduction, perhaps not more than sixty years. 
The principle of notching with square abutting joints, has always 
been much adhered to by tho best C-ai poolers silica its first intro¬ 
duction ; but its advantages over the dovetail joint in not admitting 
tile upper piece to be drawn out of tha lower piece when the timber 
is shrunk, was, wo believe, first noticed by Mr, Peter Nicholson. 

f The mviUod of joining two timbers by means of mortise and 
tenon is that which is applied to the trusses of roofs at the joggles, 
and in Biting file upper ends of the struts into the inner or under 
edges of the principal rafters. This mode is also frequently applied 
to 1ru»s partitions, similarly to its application in the busses of 
roofs ; moreover, the joining of timber bars by means of mortise and 
tenon is also applied in naked flooring in connecting the trimmers 
to the trimming joists, as also, with a slight mollification, to connect¬ 
ing the binding joists with the girders. The only'difference in this 
application from common mortise and tenon being in the shoulder 
of the tenon, in which the upper part is made to slope towards the 
tenon in such a manner, that the upper surface of the tenon anil the 
part of the shoulder above it may form on internal obtuse angle, equal 
to the external angle'made by the same part of tho shoulder of the te¬ 
non and the upper horizontal surface of thebinding joint. This sloping 
part of the shoulder of the tenon upon the end of the binding joist 
is called tusk, which is lot into the girder with a view of giving a 
stronger suppurt to tlie tenon, which is generally muds thin in order 
to preserve the substance of the girder as much os possible. 

The method of connecting the ceiling joists with the binding joists 
is a species of mortise and tenon. In the ceiling joists the shoulder 
of tho tenon is generally made adjacent to the under horizontal sun 
facu of the ceiling joist, only so that the upper horizontal surface of 
the ceiling joist and that or the tenon may be in one plaue. The 
tenon formed in (his manner i* called a hartfaced tenon. But as 
thu ceiling joists arc generally put in after the buildiog htis been 
roofed, and aa in this case the binding joists are always fixed, their 
ends being inserted id the opposite watts, or between two girders, or 
between a girder anil tho wail, the mortises must be prepared in 
such a manner as will admit of the ceiling joists being brought ^td 
their places, as if they had been previously formed, into tho placing 
of tlie binding joists on tbs building. r 
To fix the ceiling joists under those circnmshtuces; the mortises 
must las prepared in such a manner that if we cali a close mortise at 
one end m, and at tho other end M, ami one of the two next adjacent 
mortises from the same face N ; when the tenon is fitted into the 
mortise m, tho other tenon whan reyolved'ruund m, as a centre, may 
' find no obstruction in bringing it to its place M, whom it eounut bo 


the perpendicular may be equal to the uurober of points 
on the other side, and that every pair of such points 
may be in right lines parallel to the base, and equally dis¬ 
tant from the perpendicular, and that the forces upon 
$very two corresponding points may he equal, and that 
the effects of these forces may not hav« any tendency to 
produce ^transverse strain on any part of the frame; Truss, 
such a frinne is called a truss. 

‘ The two fixed points, one at each extremity of the Points of 
base, are called the points of suspension, and the re- suspension, 
"wining points, on which the forces act so as to keep the Tn 
frame in equilibrium, arc called truss points. point*. 

The plane which, trisects the timbers is called the Plane of foe 
plane, of the truss, and the perpendicular which divides truss: 
the truss into symmetrical parts is called the it/te of Line of 
symnutry t moreover, a plane passing along the line c f syniznetry. 
symmetry perpendicular t<> the plane of the truss is 
called the plane of symmetry ; and thus the plane of Plane of 
symmetry divides the truss into two equal parts.* symmetry. 

Each of the two points of suspension of every truss 
is in the under horizontal face of the tie beam, near tho 
extremity of that face, and rests immediately upon the 
wall plate. 

The tic beam of every truss in "a roof ought to be 


moved further in any direction except backward*. . 

jueutly applied accomplished by cutting away «a much ot the binding joists 
the tutsans of contain tho mortiaes lit aud X a* maybe necessary; and 


r 

which 

-, , -this i* 

generally done by cutting away the wood bt-low the mortise M so ax 
to make Vino long mortise instead of the two M and N, tho sides 
and back of the lung mortise being a continuation of the plane* of 
the side* and backs of the mortises M and N The long mortises 
which are thus cut in the vertical sides uf binding joists are called 
paUy mortises, .or chose murlisrs, 

* Tho definition which we have given of a truss is such as will 
be found to apply in many situations ; nr. in roofs to support tlie 
incliued covering; and line also it may be employed in di-charging 
the pressure of the rafters from the intermediate part* cf the walls in 
case that the roof is constructed without tie beams. Trusses an alia 
used in partitions for supporting the floors. 

When a truss i* employed for supporting tho covering of a nxifi 
the bisecting plane of the timbers ought to be in a plane nerpendi 
cularto the plane of tin# roof ami in a piano perpendicular to the 
horizon, and thus the rafters and tie beam* will be perpendicular to 
tho wall plates ; and when a truss is employed for discharging tho 
pressure of the rafters from the wall plates, and consequently front 
the walls themselves, the plane of tlie trass aught to be parallel to 
the plane of the covering. ' * 

If a truss bo so constructed that whan the line of symmetry is 
perpendicular to the horizon, and the whole of the timber work 
situated above the horizontal line; then if in the half of the tius* 
upon one side of tho roof, tha upper cods of the remaining limbers 
or the surrounding enclosure be nearer to the line of symmetry than 
the lower end, such a truss is proper for the truss of a roof. 

In the application of trusses hi roofing, the truss points will ho 
in the upper inclined edges of the principal rafters, and they ought 
to divide the lengths of their rafters into equal jiarts, so that every 
truss point may support a point of a purlin, aud nil the truss points 
in the inclined upper rtigv of the principal rafter wilt suppou »no 
point uf every purlm, aud all the truss points will support uil tho 
equidistant points of every purlin. 

•2 m2 
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supported in a Certain number of equidistant points, so 
that if weights are suspended from these points, the 
weights thus suspended would not cause a transverse 
strain in any timber whatever in the construction of the 
truss.* 

Every timber bar which forms one side of a triangle, 
and which is. perpendicular to the horizon, is called a 
trussing post. A trussing post in the middle of a truss 
is called a king post. Two trussing posts on each side 
of. the’ plane of symmetry, and equidistant, are called 
corresponding tide posts, attd if there be only one pair of 
corresponding side posts in a roof, such a pair of side 
posts are called queen posts: moreover, if the truss posts 
consist of more than one pair of corresponding side 
posts, but have king posts, that pair of corresponding 
side posts which arc at the least distance from each other 
are called quern posts. If a truss have only one beam, 
that beam is called a tie beam ; but if it have two beams, 
the lower beam is called the tie beam, and the upper 
beam is called the collar beam. If the principal rafters 
are supported upon an independent truss, the timbers 
in the truss upon which the principal rafters are suji- 
orted are called auxiliary rafters. 

Fig. 18, pi. iii. is the elevation of a truss which.exhi¬ 
bits the faces of the timbers which are parallel to! the 
plane of the truss, and in their real proportions, T t 
being the tie beam, Pp, Pp the two principal rafters.'K k 
the king post; Dd, Dd queen posts, B b collur beam, 
£e, Be auxiliary ratters, and S *, S s struts. These 
are the timbers which constitute the truss. The truss 
is supported by the wall plates, of which their sections 
arc W, W, fig. 18. The timbers supported immediately 
by the truss are the pole plates Qq, Qq, fig. IP, the 
purlins L l, L l, and the ridge piece R r, and lastly, 
the timbers supported by the pole plates, purlins, and 
ridge piece, are the common rafters, Cc, C c. -The 
double letters in the timbers supported by the truss, are 
only to be found in the perspective view, as also in the 
wall plates W w, W to. , 

Section III. 

To find the lengths and angles of the timbers of a 
roof in every position in which they can be placed, is 
only to resolve the various cases of the right trehedral. 
It may be proper to observe in this place that those who 
have previously acquired this knowledge will never be 
at a toss to solve every difficultybut those who have not 
done so, must be contented with the rules by which the par¬ 
ticular case in hand may be constructed. We shall here 
give mi example or two of the application of the trehe* 
dtal, which perhaps will be as much as the practical 
Carpenter 'may desire, but which Will be of signal ad¬ 
vantage to the theorist by showing hoyv, the principles 
ore applied in practice. 

Example 1. Given the directions T U, U V, Y W, 
jig. 20, pt. iii., of the wall plates of the regular hip end 
of a ridge toof single inclined upoh' each side of the 


• The number of truuea in a roof will depend upon the length 
of t be purlins in their extension from gable to gable, or from hip to 
hip or from hip to valley. The true* points in a roof may l>o found 
so that the rafters may be equally divided, or in given proportion, 
by timber* SO arranged sa to form two series of triangular openings 
between the poiotsof suspension, so that the vertex of every triangle 
of one of the series maybe in the raider inclined side of tlie principal 
rafters, and that the opposite' side may meet the vertices of two 
adjacent triangles of the other aeries of tthich the baste are puis of 
the principal rafter. 


ridge piece, and the height of the roof, to find the 
lengths of the common and hip rollers. 

In UT and in V W make U d and V a each equal 
to the half of U V, and draw the right line a d. Bisect 
a d in c, and draw c b' perpendicular to a d. Make c V 
equal to the height of the root; and join a V, b'd, and 
a I/, b'd are the lengths of the common rafters. 

From a with the distance ah', the length of a com¬ 
mon raflcr, cut a d in 6, and join V 6, and V b is the 
length of the hip rafter. 

Example 2. To find the angles of the backs of the 
tiip rafters. 

Join V c, and through any convenient C in Vc draw 
B e perpendicular to V c, meeting V W in B and V U in 
e. Draw B A perpendicular to V b, meeting b V in A, 
and from the point B with the distance B A cut c V in 
A'. Join A' B and A' e and B A' e is the entire hip 
augle, or the angle of the back of the hip rafter.* 

Example 3. The same things being given to find the 
angles which the upper arrises of a purlin makes with 
each adjacent arris of the section of tlmt purlin upon tho 
vertical face of the hip rafter. 

In b'd, the back of ■ the common rafter, let fg be the 
side of a right section of the purlin, and»/g h i the entire 
right section. Join cU, mid draw fo parallel to UT 
meeting U c in o. From the point/with any convenient 
radius describe the semicifcle jImk, anti draw the dia¬ 
meter jk parallel to d a. Let the semicircle cut b'd in 
l and J'i, prolonged if necessary itiw. Drawer, Is, tnq, 
and kp parallel to f o, and let Is and m q meet r U in s 
and q. Draw q p and s r perpendicular to fo, and join 
op, or; then nor and nop are the two bevels re¬ 
quired, t * 

The clevelopement or the method of extending the 
surfaces of a roof in planes are of signal utility iu finding 
the lengths and bevels of Alt the timbers in these 
various faces. 

• KSiample 4. To describe the covering of a regular hip 
roof in piano, tlie plan of the roof being given. 

Part 1. Let A BCD, fig. 21, be the plan of the 


Carpentry , 
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* General ohtenalian. The pait of the first example which 
shows liow the length of the hip rafters are found, is the same case 
of the right trrliedr.il as when there are given the inclination mnt 
the adjacent rigid face to find the oblique face. (7.) Hero a V e is 
Uie adjacent face, and V a the adjacent edge. Then haring usuiined 
the point a in V W, draw a c perpendicular fo V a, (this is already 
done, fur the point b is either in a <• or iu a c prolonged,) and ut the 
point a with the right line a e make the angle eab' equal to the 
given inclination. Draw c />' (from tlie middle of n d) perpendicular 
to a c, and draw the ri^ht line a b perpendicular (o a V. Moke >■ h 
equal to ah'. Join l V, amt uV b is the angle of the oblique face 
required; consequently, a b or a b' is the length of the common 
toners, anil V b is the length of the hip rafters. This comprises 
the first example. 

The second example is the same case of Ihe.right trehedral at 
when there are given the oblique face A V I), and the opposite face 
C V H of a tight trehedral to find the inclination. M3.) This has 
already been done. The reference now given it sufficient, in order 
to make the demonstration understood. , 

- f 11m logics which are already found wilt give also tlie bevels of 
the jock rafter*. For the some bevel which is applied to finding tlie 
angle which the upper arris and the joint between the back of the 
pqrUn and (he adjacent face of the adjacent hip rafter make with 
each other, will give the angle which the longest arris of the back of 
njtck rafter and the joint Of the back of th* jack rafter, and Mm 
adjacent vertical face of the adjacent hip rafter make with each 
other, by deducting a right angle from {he angle mode by the upper 
orris end the joint of tiie beck of the purlin upon the hip rafter. 
Tbe other bevels of the jack raftfere ere the seme at the angle which 
this upper arris of one of tne vertical faces of e common rafter makes 
with the joint bet ween 1 hat face and tlw vertical face of the ridgo piece. 
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Carpentry, edges of the wall plates, E P the plan of the ridge. 

From any convenient point E in E F draw Eg perpen¬ 
dicular to one of the sides of the planes A D, and in . 
E F make E h equal to the height of the roof, and join 
gh. Draw E e perpendicular to A D intersecting AD 
in g, and make ge equal to gh, and join A e. 

Part 2. Draw e f parallel to A D, and F f parallel, 
to E e, and join / D. From the point A with the radius 
A U describe an arc, and from the {Mint e with' the 
radius e A describe another arc intersecting the former 
arc in the point b'. Join A bf and e l/. Upon ef, as a 
line of symmetry, describe the figure efeb symmetrical 
to the figure e ft) A, and lastly, upon D f describe the 
triangle Dfc, so that D c' may be equal to D C and 
f c' equal to /I). Then the several faces of the covering 
arc efeb, ef I) A', e A b\ and /D c'.* 

Section IV. 

A curved surface is that which, if cut by a plane, the 
section may be a curve. 

A cylindrical surface is a curved surface on which only 
one right line can be drawn through a given point, and 
two right lines beiug drawn through two given points 
will be parallel.* 

Eveiy right line drawn on a cylindrical surface is 
called a line of direction. 

If a solid having a cylindrical surface, tor its super¬ 
ficies be, cut by a plane perpendicular to any line of di¬ 
rection, the section of the solid is called a right section 
or profile, and every section of the solid which is neither 
parallel nor perpendicular to a line of direction is called 
an oblique section ; moreover, every section of the solid 
passing along a line of direction is called a longitudinal 
section, and every section which is not a longitudinal 
section is called a transverse, section. 

Hence every right as well as every oblique section is 
a transverse section. 

If the transverse section of a cylindrical surface be 
one continued curve, the cylindrical surface is said to be 
close; but if the transverse section be open, the cylindri¬ 
cal surface is also said to be open. 

If an open cylindrical surface terminate in two right 
lines, the two right lines are called its rectilinear termi- 
nntors. 

It’ the right section or profile of a cylindrical surface 
be the arc, or the circumference of a circle, the cylindrical 
surface is called a cyllndric surface. 

If the profile be the curve of au ellipse, the cylindrical 
surface is called a cylindroidic surface. 

Of ceilings. A ceiling is that apparent surface of a room which is 

opposite to the floor, and is of such a nature that a right 
line which is perpendicular to the horizon cun only meet 
the ceiling in one point. 

Cylindrical. A simple cylindrical ceiling is that which consists of 
one cylindrical quriace only. 

Waggon- A waggon-headed ceiling is that which consists of 

leaded. only one cylindrical surface terminating upon the vertical 
faces of four,walls, in such a manner that every right 
line which is entirely upon the cylindrical surface is com¬ 
prised between the vertical faces of two opposite walls. 

* Observation. The first part of this process is the tamo case of 
the right trvhedrri ae when the two right face*. *» given, to find 
the ootique face! (24.) therefore, having {baud the angle g A e, the 
angle $ Of wilt be found fa the same manner. Fig. 22 is given as 
an etamphi in pinch both hip*'and'valley* occur; hat as hips and 
valley* are all described by the some caee of the trshedral, a ban 
inspectita of fig. 82 trill reader the construction sufficiently evident. 


NT R Y. 

Hence it is evident that in a waggon-headed ceiling, Carpentty. 
that the concave surface will meet tire vertical faces of 
the other two walls in two right lines, and that the two 
right linen will be parallel. 

The springing lines of a waggon-headed ceiling are 
the two right liues in which the cylindrical surface meets 
the face of two opposite walls. 

A plane surface comprised by the two springing lines 
is called the base of the cylindrical surface. 

A close transverse section of a waggon-headed ceiling 
upon a plane comprised by the curved surface and its 
base, is called a transverse section of such a ceiling, and 
the right line which joins each extremity of the curve is 
called the base of the section. 

The direction of a cylindric ceiling is the same as 
that of any of.its lines of direction. When a ceiling is 
formed by two cylindrical surfaces intersecting each 
other so that A line of direction drawn upon either of 
the cylindrical surfaces through any point whatever may 
meet a line of direction upon the other cylindrical sur¬ 
face,'such a ceiling is called a return cylindrical vault , 
and each cylindrical surface is called vt branch. 

If a plane be a tangent to the two cylindrical surfaces 
of a return vault, the two right lines in which the tan¬ 
gent plane touches the two curved surfaces of each cylinr* 
drical branch are called the summit lines, and the tan¬ 
gent plane is called the plane of the summit. 

If the rectilinear terminators be both in a plane pa¬ 
rallel to the plane of the summit, each of these termina¬ 
tors is called a springing line. A groin in a vault or 
ceiling is the intersection of two concave surfaces, when 
the angle which they make with each other projects and 
when the line of common section breaks the continuity 
of the surface upon cither side of it. 

A ceiling is called a rectilinear quadrangular groin Rectilinear 
ceiling, when it is compounded only of concave cylin- quadrangu. 
drieal surfaces, consisting of four separate branches which 101 P 0 *" - 
have only one common point, and of which two are in 
one cylindrical surface, atul tile-remaining two in another 
cylindrical surface, and of which the two branches con¬ 
tained in either of the cylindrical surfaces are entirely on 
the convex side of the cylindrical surface which contains 
the other two branches. 

Hence every rectilinear quadrangular groin ceiling 
has four groins. 

The point in which ail the four branches, or in which 
the - four groins meet, is called the centre of the ceiling. 

If n plane touch the convex superficies of all the cylin¬ 
drical parts, the plane is said to be a tangent to the 
surface of such a ceiling, and it will contain the centre 
of the ceiling. 

When the profiles of all the four brandies are equal 
curves, or such as may coincide when their summits and 
when, each branch maybe divided by a vertical plane 
parallel to any line of direction ■ into two symmetrical 
parts, and when the cylindrical surfaces intersect each 
other at right angles, the ceiling is called a regular 
groin.* . 


• lUustraliotu of the preceding De/totisns end of the Construction 
of the Centrings for Groin Ceiling*. 

Fig. 1. pi. hr, A petvpectrvu view of a groin ceiling, supposed to 
b* executed in tuuonry. This view eslubits pilasters projecting 
from the pier* between the apertures with circular bows projecting, 
from the cylindrical aurisce of the ceiling; Wing supported by the 
imposts qver the pilasters. 

■ Centring* to groin ceilings is the wooden mould upon which the 
masonry or brickwork is turned j therefore the reverse of the surface 
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Carpentry. Example. Given the profile WVX, pi. iv. fig. 4, of 
v ' *he cylindric surface of one of the transcripts, to find the 
profile of the nave and the coverings of the curved sur¬ 
face in piano. 

In the curve WVX talce any point M and draw MP 
perpendicular, to the ground line f g, meeting the base 
WX in P. Draw Pi perpendicular to WX, meeting 
the ground fine fg in », and draw ij perpendicular to 
fg meeting the,projecting «eof the groin above a c. 
inj. - Let Wx be the base of the rib of the nave, be 
perpendicular to the projection of the axis of the cylin- 
- driCal surface, and draw jp perpendicular io wx meet¬ 
ing wx in p. Draw pm also perpendicular to w x, and 
. make p m equal to P M. Then m and M me corre¬ 
sponding points, and thus to the axis wx the point m is' 
a point in the curve. 

In this manner, having found a sufficient number of 
points, the curve may be drawn through these points, 
which, bring done, is the right section of, the nave 
part of the groin ceiling. 

To find in piano the curved surfaces of the two 
transepts. Let y ft be the projection of the right section 
of a profile of the cylindric surfnee of one of the tran¬ 
septs, and a 1 8 that of the nave. In the given curve 
WVX take any point M and draw the line as before, 
and let ij intersect y S in l, also let jp intersect a fi in k. 
Extend the curve WVX into the right line q r. No. 8, 
and in qr, No. 3, let 5 1 and rl be each equal to the arc 
W M, No. 2. - Draw Ij, No. 8 , perpendicular to q r, and 
make Ij equal to Ij, J\o. I ; ami in this manner a suffi¬ 
cient number of points may be found to construct the 
whole figure qsutr, which will be the form of the 
boarding of one of the transepts in piano. 

In like manner tqrlu , the boarding of the nave in 
piano, may be found. 

Fig. 5 exhibits the plan and elevation of a groined 
ceiling to be formed with lath and plaster, the construc¬ 
tion of the ribs is found in the same manner as in fig. 
4 ; but here, as well as the right ribs, we shall also 

of the- groined ceiling which » concave. _ In practice,{the centres are 
placed fimt <net the wide»t avenue (or nave) upon a horiumtal timber 
bar at each of the springing lines of the cylindric surfnee, the two 
springing linen being upon the level. The two horizontal timber ban 
are auiiperted by posts, distributed at regular intervals without any 
regard to the hannrerse vault, and the centres are placed over the 
noals, and boarded, in without living interrupted by the transepts. 
Then the groins nr intersections of the two crliutlric surfaces are 
drawn upon the boarding over the, nave; and the uprights, the 
beams in the springing, the centres, and the boarding, ate alt placed 
on the rooeave side of the centring of the nave. Fig. 2 is a per¬ 
spective representation of the centring of a groin vault. This 
view exhibits the have completely boarded in, with the centres and 
their necessary supports in the transepts. Fig, 3 exhibits another 
perspective view which shows both parts boarded in and ready to be 
• built upon. 

Fig,4 is tlie plan and elevation of a groin ceiling; No. 1 being 
tbe plane, and No. 2 the elevation of the tiansepts. Bore tho groins 
are firmed by the intersections of a cylindric arch upon the planes 
Of the diagonals. The elevation is here taken upon a plane perpen¬ 
dicular to the axis of the cylinder, f g being the ground line. . 

The sides of the plan aro perpendicular to each other, and (he 
plan and elevation are so placed in respect of each other that right 
floes drawn from any two corresponding points perpendicular to 
the ground line will meet the ground line in tlie same point; and 
Bias all right Unci parallel lo the axis will he projected in the plan 
into right lines perpendicular to the ground line, and in the eleva¬ 
tion three right lines will be projected iuto points. It is unne» 
ceeeary to ta i more with respect to the orthographical drawings, 

* si ode those who are familiar with plans and elevations will find the 
reason and meaning of every tine in the construction by merely in¬ 
spect ing the drawings. In the plan, a e and t d are the projections 
«f the groin*. 


require to find the groin ribs. The method for this Carpentry. 
’ purpose will be sufficiently evident by merely inspecting 
the plan in which it is traced upon the diagonal 6 d, the 
ordinates being of the same height as - in the two pro> 
files. Thus let the semicircle 0 be be the stretch-out of 
the groin ceiling, exhibited in the elevation. No. 2, fig. 

5. In the semicircular are a be, pi. v. fig. I, take a 
sufficient number of points; but for the purpose it will 
be sufficient to take these points in the quadrant pr half 
arc; and through these points draw ordinates, and draw 
gi and df in any convenient situation. Make df and 
gi respectively equal to id or ac, pi. iv, fig. b, No. 1. 

Then in pi. v. fig. 1, let bj be one of the ordinates of 
the semicircle meeting the base ac in/, and divide df 
and gi in p and q, in the same proportion as ac is 
divided in j. Draw pe and q h respectively perpen¬ 
dicular to d/and g i. Make p c and q A each equal to 
the ordinate jb of the semicircle, and thus tbe points e 
and h are in the curves of which the bases are df and 
g f. Tlie curve being drawn through a sufficient num¬ 
ber of points thus found, the curve, of the angle rib 
will be dr.f, and the curve of the ribs of the nave will 
lie g h i. But if the curve of the half of each rib be 
found, the other being symmetrical willobe found in the 
usual manner. Thus drawing the line cn, take the 
half of df and the half of g i, and with these distances 
from the centre o of the semicircle cut the right line c n 
in n and m. Join r it, rm, and draw lines parallel to 
c i), which will divide the half bases of the ribs as re¬ 
quired. 

Example. Given the plans A h N P, ONPQ, pi. iv. 
fig. 6 , of two inclined vaulted passages meeting each 
other at an angle in a vertical plane,* the angles which 
the springing lines of the arches make with the level 
plane and a vertical section of the first vault intersecting 
the springing plane in a line perpendicular to the two 
springing lines ; it is required to construct these vaults 
with plaster, and to place all the ribs in vertical planes, 
so that the bases of the common ribs may be perpen¬ 
dicular to the springing lines : the things required to bo 
done by a geometrical construction is to trace the curves 
on both sides of each half of the angle rib, so that the 
edge may range in both directions of the vault, as also 
to trace the curves on each of the faces of the common 
so as to range in their respective directions, 

Let A ft and b N f , fig. 6 , lie reciprocally perpendicular 
to each other. Make the angle N ba equal to the angle 
of inclination'of the springing line of the first direction 
of the passage, and draw K« perpendicular to bN. 

Prolong O N to S, am) draw N R perpendicular to O S. 

Make N R equal to N a and make the ungle N R S 
equal to the complement of the angle which tho spring¬ 
ing line of the second direction of the vault makes with 
the plan. Prolong T R to meet O N ip S, and pro¬ 
long b A and N P to meet each other in m. Draw N U 
perpendicular to N P. Make N U equal to N 11 or 
N a, add join mV and tn S. 

* We have now given the two .right faees, N»» S and 
N m U, of a right trehedrat; therefore (17.) (20.) find 
the inclination mqk, which is (he angle made by the 
plane of the angle rib, and the springing plane of tbe 
upper direction of the vault. Draw B C perpendicular 
to b N. • 

Let Ab np and qpm (fig.,7) tp the springing planes 
of each direction of the vault, the angles p rib and p no 
being respectively equal ’to pnb and p!ri o', (fig. 3 .) and 
6 A (fig, 4) equul to ft A (fig. «.) Let 6 A (fig. 7) 



259 


CARPENTRY. 


Carpentry, be perpendicular to n 6 , and let & A be prolonged from 
■' each extremity towards e e. Through any point« in e e 
draw ed perpendicular to ee, and make the angle def 
. No. 1, equal to the angle a ft.c, (Fig. 6 .) Let the seat 

p n (fig. 7) of the angle rib be prolonged from each of 
its extremities to d'd, Find-( 2 d.) the inclination of, a 
plane which shall'have a given trace e" d, and which 
shall be parallel to the right line of which the seat is ed, 
No. 1, and the angle of projection gef. 

Let dfe f. No. 2, be the angle thus found; From the 
point e", No, 3, draw et'd'' perpendicular to d'd, ana 
make the angle dP d'f" equal to the angle mlk, fig. 6 . 

Again, find the inclination of a plane which shall have 
an given brace e" J d’", and which shall be parallel to a right 
line, of which de is the seat, and d" e"f" the angle 
of projection, and let <P" d"f"' be the angle thus found. 

• From any point g'rn d d\ No. 2 , draw g'h 1 parallel 
to de, No. 1; draw gf perpendicular to d d f and pro¬ 
long d’d to i 1 . Make df equal to df, and join A' i'. 
Let the given curve of the rib be A Dft. From any 
point C in the base A b of the given curve of the rib 
draw C D perpendicular to A b, and draw C E parallel 
to 67 i, meeting pit in E, Draw EF parallel to hi. 
No. 2 , and males E F equal to C D, and F is a point 
in the curve, in the same manner as many points 
F, F may be found as will be sufficient to trace the 
curve. These points being actually found, draw the 
curve pV n from the one extremity p through the points 
thus found to the other extremity n. 

The curve pQn is identical to the curve pFn, 
therefore the ordinates E Q make the same angle with 
np as the ordinates £F make with np; hence all the 
ordinates E Q are respectively equal to the ordinates E F. 

To prevent confusion in describing the ranging curves 
for t lie two faces of each half rib, the reader's attention 
is directed to a separate diagram, No. 5. In No. 5, 
draw p n parallel to pn, fig. 7, and equal to it, and 
draw nb and p A, No. 5, parallel to n ft or p A, fig. 7. 
Then, in No. 5, prolong pn to any convenient point e, 
and draw ed perpendiculur to ep. Make the angle 
de/equal to the angle mlk, fig. 0. Again, in No. 5, 
draw A m parallel to ef, and at such a distance from ef 
as will be equal to the thickness of the half angle rib. 

Let m k, No. 5, meet d e in k. In e f cut off the part 
el equal to ek, and draw tu parallel to bn or A p. 
Draw l v and k u parallel to n p, and draw u v perpen¬ 
dicular to tv, aud join tv. • Let the curve n F p be 
Identical to the curve nFp, fig. 7, and let F,F,F, &c„ 
No. 5, be any number of points in the curve n F. Draw 


draw and h 'u parallel to p n. Draw « « pernen-. Carpentra 

dlcular to p n, and join v w. Let Q Q Q be any uura- . * _> 

ber of points in the curve nQp. Draw QR, tJH, Q R 
&c., parallel to w v, aud make Q R, Q R, Q K, &<_■. each 
equal to a t>, then r II t is the ranging curve of the upper 
half rib required. . ~ 

In order to find the curve of the face and the ranging 
curves of ,the ribs in the ascending direction of the 
vault. It will be necessary to find the projection of 
one of the ordinates, os X F, upon the springing plane 
qp no, for this purpose, the trace e" d of the plane of 
the mitre is given, as also the angle d" d'f" of projec¬ 
tion ; this being found, X Z is the projection required; 
and ft" f" is the projectant of the projection Z of the 
point F. Through any convenient point, o in n o, draw 
d"e"' perpendicular to n o, and through any convenient 
point. h‘" in d".d", Na 4, draw h"g’ /l parallel, to X Z. 

Make A'"g"'equal toXZ, and through draw 
perpendicular to d"d", meeting eP'd" in the point d". 

Draw g"'f" perpendicular to and make ff" 

equal to g"f". No. 3. In d" f" make e’" i"’ equal to 
d"f", and join A ’"i". Then, to trace the common rib, 
draw E S, No. 4, parallel to wo, meeting e m d" in S, 
and draw S V parallel to Id" i' n . Make 5 U, fig. 7, 
equal to any one of the other ordinates, as E F and U , 
thus (bund Is a poiut in the carve. 

In the same manner, having found as many points 
17, U, U, at may be necessary, draw the curve q U o, fig. 

7, whieb, when done, is the ranging curve of the lower 
face. Make d"l l,r equal to d" U", and draw per¬ 
pendicular to d"i'", meeting d" i‘" in/". Draw the 
ranging lines UV,UV, UV, &c., of the edge of the rib, 
and make U V, U V, U V, &c., each equal to k"d". No. 

4. Draw the- curve* iVy, and it will be the ranging 
curve required. 

Fig. 8 exhibits the same plan when the springing 
planes of the two directions are level; hence in this 
case all the difficulties of the former disappear since the 
planes of the faces Of all the ribs will be perpendicular 
to the springing plane, and all the ordinates of the 
curves perpendicular to their springing lines or bases; 
moreover, the heights of these ordinates which are in 
vertical planes, parallel to the axis, will Ik equal, and 
the ranging lines of the edges of the ribs will be parallel 
to the bases pf the curves. The whole is so evident 
from the figure as to reader any further explanation un¬ 
necessary. 

Section V. 


n r and p q parallel to / v to meet t u, or tu prolonged 
In q and r, and draw the right lines F G, FG, F G, Ac. 
parallel to t v. Make F O, F G, FG, each equal to i v. 

A sufficient number of points, F, F, F, &e., being 
thus found, draw the curve rGq, then rGq will' be 
the higher curve of the intrados of the lower half rib. 

The curves nQp, n F p, fig. 7, being the mitre curves, 
must necessarily be identical in order to coincide; hence 
the ranging curve of the upper angle rib will be found 
in the same manner from the mitre curve, as the mitre 


One surface is said to fit another, when every point of 
the first surface coincides with a point in the second. 

Any concave surface whatever in a ceiling is called a Cove. 
cove. 

When a cove is intended to be formed in a ceiling 
with plaster upon lath, a receding surface, everywhere 
equally distant from the apparent surface of the cove to 
be formed, sufficient to contain the thickness of the latli 
and plaster together, is called the lathing surface of the 
cove. 


curve was found from the ranging curve of the lower 
half, angle rib; but to remove nil doubts from \he mind 
of the reader, we shall also show the manner in which 
this is to be done. 

. Draw V ttf, N»- 3, parallel to and at such a distance 
from d'f* aa will be equal to the thickness of the half 
rib, autl hA m " h" meet e" d" in W From any conve¬ 
nient point «0 in pn drew to u parallel to tto or p q, and 


It i$ evident that if the* apparent surface to be formed 
l)e a cylindric surface, the lathing surface will also be a 
cylindric surface.; and if the apparent surface to be 
formed be a spherical surface, the lathing surface will also 
be a spherical surface : but tlm will not hold universally. 

,If a part of ft piece of wood be.taken away, so that 
the new surface formed by the part taken away may fit 
the lathing surface of a cove continued from one extra- 
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Carpentry* mity of the surface to meet the other, such a piece of 
wood is called a rib or bracket; and the surface' thus 
“ fitted is called the ranging edge of the rib or bracket, 

racket. Hence a continued line may be traced on the ranging 

edge of the bracket from one extremity of the .cylindric 
Stir Puce to the other. 


ing edges of the brackets will be perpendicular to the Carpentry, 
planes of these brackets; but, whatever be the position v • y *■'' 
of a line of direction, the planes of every two brockets 
which range in a cylindrical surface are generally per¬ 
pendicular to the horizon, and parallel to the plane ver¬ 
tical surface of the walk; and thus, when a line of 


If two cylindric surfaces intersecting each other be the 
lathing surface, of two coves, and if the entire intersec¬ 
tion coincide, in every point with the surface of n piece 
of wood, and if a portion on each side of this intersec¬ 
tion of the supeificics of the wood fit each of the lathing 
surfaces close to the intersection, such a piece of wood is 
called an angle nib or angle bracket; and the parts 
which fit upon the cylindrical surfaces are called the 
ranging part» of the surface* of the angle rib, or angle 
bracket. A rib or brackc.t thus fixed is said to be pro¬ 
perly placed. 

In order to form any surface whatever with plaster 
upon lath, it is evident that every lath must at least l>e 
supported* in two points; and (hat the thinner the lath 
is, the number of points in which it is supported must 
be more in order to be sufficiently strong to carry the 
plaster flpon which the apparent surface is to be formed. 

Hence in forming a coved surface with plaster upon 
lath, ribs or brackets receding from the lathing surface 
are generally fixed at such distances from each other, 
that every lath may be supported upon the ranging edges 
of the ribs or brackets at three or more points in its length, 
and that the ribs or brackets thus fixed may have their 
ranging edges in the lathing surface. When the apparent 
surfaces of the plaster are required to be formed by two 
cylindric surfaces intersecting each other, the lathing 
superficies will also be two cylindrical surfaces intersect¬ 
ing each other. In this case it will be found convenient 
to fix one extremity of the lath to an angle bracket, and 
the laths throughout upon a sufficient number of ribs or 
brackets properly placed. All ribs or brackets, except 
angle ribs or angle brackets, are called common ribs or 
com mon brackets. 

In the construction of cylindrical coves in the ceiling 
of a room to be formed with plaster upon lath, the lath 
is generally supported upon brackets, and the cylindric 
surfaces meet each other in such a manner that one of 


direction of the cylindrical surface in‘which the ranging 
edges of the brackets are placed is not parallel to the 
horizon, this line of direction will not be perpendicular 
.to the planes of the brockets. 

Brackets to form small cylindrical coves with plaster, 
seldom require more, limber than can be obtained from 
a board in one' single piece; but ribs to support lath 
and plaster, as well as the brackets of large cylindrical 
coves, require that each rib or bracket may be formed 
in two or more pieces of boards joined.together, sons to 
form a whole bracket in two thicknesses; and that the 
joint between the two halves may be in a plane parallel 
to the planes of the rib, and equidistant from these 
' planes. When two cylindrical surfaces intersect and 
form a plane curve, it will be convenient to make the 
nngle rib or angle bracket, if large, in two thicknesses, 
so that the joiut between them may be in a plane paral¬ 
lel to the planes of the nngle rib or angle bracket. 

The.cylindrical surfaces which are generally used in 
coved ceilings, intersect each other in a plane curve, 
and thd plane of this curve is generally perpendicular 
to the horizon. Moreover, two right sections of the 
two cylindrical surfaces are generally such that the two 
curves will reciprocally coincide in all parts. 1 n this 
general case it will be found convenient to form angle 
ribs or brackets m two thicknesses of bontds, and the 
joint or ptune of coincidence to be in tv plane uf the 
curve in which the two cylindrical surfaces meet each 
other. It is evident that all the- parallel plane sur¬ 
faces which comprise the brackets ure sections of the 
cylindrical surface in which they may be arranged, and 
when IWo faces of every two bracket? are parallel to one 
another, as in common brackets, and their ranging 
edges in the same cylindrical surface, that the sections 
of these brackets, by the cylindrical surface, are identical 
curves; and that the curve lines of all the parallel ribs 
dr brackets are identical curves. Moreover, as cylin- 


them may terminate upon every vertical plane face of 
the room, and upon a plane forming the apparent inter¬ 
mediate surface of the ceiling; uml that all the termi¬ 
nations of the cylindrical surfaces upon the walls may be 
in a plane parallel to the plane of the intermediate sur¬ 
face of the ceiling, and that every termination in the 
-ceiling may be parallel to the vertical adjacent surface 
of the room: such a ceiling constructed with plane and 
cylindrical surfaces is called a cylindrical, straight, coved, 
and fiat ceiling, or, more generally, such a ceiling is 
called simply a coved ceiling. Hence the plastering of 
the cove of every straight Cored and flat ceiling will re¬ 
quire as rtiaoy angle brackets as the room has plane 
vertical faces. 

In order to save timber, every rib or bracket in the 
construction of a cylindric surface ought to have two 
surfaces in parallel planes, which may always be perpen¬ 
dicular to every line of direction of the lathing cylindrical 
surface. These parallel plane surfaces are called the 
planes of the brackets. Hence when a cylindrical eove 
to be formed with plaster' upon lath is required to be 
constructed, and to have any line of direction parallel to 
‘the horizon, if the brackets’ ark fixed so that their 
surfaces may be perpendicular to the horizon, the rang- 


drical surfaces are generally so situated in coved ceilings 
that their lines of direction ure parallel to tbo horizon ; 
and as all the ribs or brackets are generally, end most 
Conveniently arranged in parallel planes, these planes 
will be all perpendicular to the lines of direction of the 
cylindrical surface into which their edges are arranged; 
hence all the ranging edges of these brackets will be 
perpendicular to their vertical faces; so that, if a right 
section of the cylindrical surface is obtained, and a mould 
bC made so as to contain this section, this mould will 
serve to dyaw the curves on one of the faces of every 
common bracket; and these being properly fixed with 
angle brackets when necessary, will be in the lathing 
surface required.* - 

’■ * The cylindrical surfaces commonly employed arc those of 
cylinders, or those whkh have their right sections greater .or less 
portions of the circumference of a arete. Sumcnaies, however, 
various other curved surface* may b« used with good effect. 1 Of 
these the cylindrical surfaces generally employed are those of cvlia- 
droida j and the curves of the right sectiuos of cyHndroidal surfaces 
arc. generally, either mmdrantal portions between the two axes, of 
which one is horisuntol Sod the other vertical. 

Every cylindrical surface used in coving will bit sufficiently deter¬ 
mined ay having given a right section of the cylindrical surface. 
Moreover, two cylindrical surface* intoreucting each other wiU* bo 
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Carpentry. To find the ranging edge, we have only to cut through 
✓ the thickness of every such hoard perpendicular to the 
two plane faces hy taking away the part on the'concave 
“ side of every rib or bracket, in order to 1 form the rang¬ 

ing edges required. 

Examples la the preceding Observations in ranging the. 
Ribs of Groin and Cons Ceilings. 

Example 1. Let pi. v. fig. 2 he the plan of a portion 
of a coved surface at an internal angle, ae and a in the 
springing lines, An and b /’the ceiling line in each re¬ 
turn. The angle bracket is traced in the same manner 
as the angle rib of a groin: abdc is the plan of half 
the angle rib, ab the base of the mitre curve, and bh 
perpendicular to ab the height, the curve itself being a h. 

Draw the chord a h of the curve, and draw e k per¬ 
pendicular to a b, meeting ab in Ar, and draw k l per¬ 
pendicular to ah, meeting ah in I. 

J.ct avf b. No. 1, be the edge of a board, out of 
which a bracket is to be formed, abed and efgh the 
two faces of the board which comprise the edge a e fb 
between them. Draw the right line n q perpendicular 
to a b or e.f intersecting a b ill ]>, and (fin q, and make. 
pn equal to Ik, fig 2. Jn No. I and in No. 2 through 
o draw t n parallel to ab, and in in make on equal to 
a I, fig. 2. Apply the mould ah. fig. 2, to No. 1 and 
No. 2, so that the. extreme points a and h of the 
curve, fig. 2 , may be in the arris line, ef Np. 1 and 
No. 2 , i ix. the point a. fig. 2, upon the point </. No. 1 
and No. 2 , and the point h, fig. 2, upon the point l. 
No. 1. Then, upon the face efgh draw the curve 
i/ r l. Remove the mould from the lace efgh, and place 
it upon the other face, ab e. d, so thnt the points upon q 
and l may be in n i; vis. q upon n, and I upon m. Then, 
upon the face abed draw the curve ns in. The two 
curves n sm and qrl arc the curves in thc.parallvl laces 
of the brackets; then the wood on the concave side 
being cut away will give the ranging required. No. 1 
and No. 2 being put together as they ought to be, will 
complete the angle bracket for its situation. 

Erample 2. Let pi. v. fig. 3 be tile plan of a portion 
of the curved surface at the external angle, a y arid ot 
the springing lines, ps and p z the ceiling lines in each 
return. The angle bracket being traced as belbre, 
oprq Ls half the plan of the angle rib, op the base of 
the mitre curve, and p x perpendicular to op the height, 
the curve itself being o x. 

Draw the chord o x of.I lie curve, and draw q w, moet- 
ing p o prolonged in u. Draw u « parallel to o x, and 
draw o in perpendicular to u r, meeting u v in ic. Let 
a e fb. No. 3 and No. 4, be the edge of a board, out of 
which a bracket is to be formed ; and let abed, r fg h, 
be the two faces of the board which comprise the edge 
a efb between them. Draw the right line il perpen¬ 
dicular to a b or ef, intersecting ab in l, and e/in k ; 
and make ki equal to ou\ fig. 3. In No. 3 and No. 1 


given when the right sections of these are given, and when the 
angle which two lines of direction make with each other are 
given j but these will not be sufficient tu fix ribs or brackets in their 
situations with regard to the vertical faces of tho rooms anil the 
itane in the intermediate part of the ceiling.. In this case we must 
lava given, besides a right section of the cylindrical surface, a plan 
anil elevation of the springing and ceiling lines of cacti of the two 
rytindrical surfaces. 

The same principles extend to the construction of lathing sur¬ 
faces, whether they may bo coves in ceilings or otherwise. 
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draw parallel to a A, and in in make i m equal to Carpentry. 
OK, fig. 3. . — - > 

Apply tiie mould o x, fig. 3, to No. 3 and No 4, so 
that tin* extreme points o nn-l x of the curve, fig. 3 
may he ip the arris line a h. No. 3 and No. 4 ; vrz tj u ’ ' 
point ri, fig. 3. upon the point q. N„. 3 au ,|'x,’. 
the point ,r, fig. 3, upon l in No 3 and No. 4 . Then 
upon the face abed, in No. 3 and in No. ), draw the 
curve Irq. Remove tile mould from the face abed, 
and place it upon the other face ef g ll, so that the point 
upon q and l may be in ni ; viz. the point 7 upon a, U iid 
l upon in ; then upon the face efgh draw the curve 
m s n. The two curves asm and q rl arc the curves in 
the parallel faces of the bracket. Then the wood <m 
the concave side being cut away «o as to form the cylin¬ 
drical Mirlace, will give the ranging required. 

Example 3. fig. 4 is tho plan of an equilateral and 
equiangular eylindric groin ceiling, the ribs across the 
diagonals are in half ribs, ami every half rib is the 
■Mime as an angle bracket upon an external angle. In 
tlii< Example the arches are semicircular, and of the 
same radius as the quadrantal circular arcs, fi^. 2 ami 
3, of the common brackets, and therefore the mould for 
each half angle rib of the groin ceiling is the same as is 
found for the angle ribs, Examples I and 2 ; and, as 
the angles of the groin are all external, the ranging of 
each of the ribs will he found in the siftne maimer as 
the angle bracket, fig. 3; and lliik will be evident by 
again reading the description to the second Example to 
the groin ceiling, fig. 4, where the same letters of refer¬ 
ence are applied as in fig. 3. 

Erample 4. Fig. 5 exhibits the plan of an oblong 
cyliudric groin; No. 9 exhibits the lace mould ; No; *5 
and No. 7 the application of the luce mould to the rang¬ 
ing of one of tile half ribs ; No. S and No. 9 the appli¬ 
cation of the face mould to another of the half ribs which 
form an acute angle with the former. 

Fig. 0 exhibits an application of the same principles 
to the backing of common or hip rafters/ 


Section VI. 

A proper cylindro cyliudric ceiling is a ceiling, or Oylimlro 
part of a ceiling, formed by two cyliudric surfaces inter- cyliinlnc 
setting each other in such a manner that they may have cvl l ‘' 1! '‘ 
lour brandies ; and that no part of either of the eylindric 
surfaces may be comprised within the concave surface of 
the other; and that all the springing lines of the two 
eylindric surfaces and the axis may be in one horizontal 
plane, and that the two eylindric surfaces may not have 
a common tangent plane. 

A proper cylindro eylindric ceiling is given when the 
plan of the springing lines arc given in a plane parallel 
to the plane which contains them ; and when the right 
sections of the portions of the eylindric surfaces termi¬ 
nated by the springing lines are given. 

Example, l^et al and tv, pi. v. fig. 7, be the two 
springing lines for one of the. cyliudric surfaces, and «• 
cl, the two springing lines for the other cylimbic sur¬ 
face ; and let e.de he the section of the cylmdrie Mir lace, 
of which the springing lines are eu and cl; ami let 
aqs be the section of the cylindtic surface, ol which the 
springing lines are r land tv; and let ee he the I a*e 
of the curve e de, and a s the base ol the tune aqs. 
Moreover, let a t intersect cl, and c u in A audy; then 
A and f are the plans of the springing points ol the 
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Carpentry, intersection upon one side. It is now required to find 
the projection of the two cylindric surfaces. 

In the curve ode lake any point d, and draw dm 
perpendicular to ce, meeting ce. in m. Draw mn 
parallel to c t or cm ; and from the point o in « * draw 
op perpendicular to as. Make op equal to md, and 
draw pq parallel to as, meeting the arc a qs in c/. 
Draw q r perpendicular to a* meeting a sin r, and drnw 
111 parallel to a l or s r. Then the point n is life pro* 
jeclhm of an intermediate point in the curve of which b 
and / are the projections of the springing points. In 
this manner may he found as many points as will be 
necessary to trace the curve b xf, which is the plan of 
the intersection required; and in this manner the plan 
tyu of the opposite intersection will be found. 

The plans of the two intersections are thus found by 
projection ; but, as it is known that the projection of 
two cylindric surfaces are hyperbolas when the right 
sections of both cylindrical surfaces ore circular arcs of 
different radii, and when the projection is made upon a 
plane which contains the two axes of the cylindrical sur¬ 
faces, the intersections may therefore be (bund inde- 
pendent*of the principles of projection. We shall here 
show by an example how this is to be done. 

Let the semicircles abc, def, fig. 8 and 9, be the 
right sections of the cylindric surfaces, a c and d /being 
the diameters of these semicircles placed upon the same 
, right lines having lh#same centre, and let g n ami hj be 
the springing lines of the cylindric surface which has 
the greatest diameter, and let the springing lines be 
parallel to d f. 

Draw e.m and «n perpendicular to g i or hj, inter¬ 
secting g 1 in k and l, and hj in m and n ; and draw b e 
parallel to a c, and a tangent to the semicircle a be, to 
meet the semicircle d ef in e. Draw a u perpendicular 
to df meeting d f in u, and bisect k I. in *. Draw * t 
perpendicular to It l intersecting m >1 in t, and in * t make 
to and fpeach equal to f u ; then, having the vertices 
o and p of the two opposite curves of an hyperbola, 
descrilie the curves kol and m p 11 ; ami these will be the 
projections of the two intersections required. 

Fig. 8 is adapted to the same plan as fig. 7. Jti 
fig. 9 the two cylindric surfaces are neatly equal; that 
in, their diameters are nearly equal to one another. The 
manner of drawing the two hyperbolic opposite curves 
as shown by dividing each ordinate into tiie same num¬ 
ber of.equal parts, and dividing the ends of the rectangle 
into the same number of equal parts; then, drawing 
right lines from the opposite vertices to these points, to 
intersect as in the figures.* 

kuample. Given the pi ejections of the springing 
lines, the heights of the cylindrical surfaces, and the 
height, of the spheroidal surface above the springing 
plane, which is parallel to the plane of projection, to 

* If two equal w-imi-ylinilric surfaces interned a spheroidal sur¬ 
face, *0 that the axis of the xemirytindrie sort sire, in ly intersect each 
other at right angles in the centre of the spheroid..1 surface: and that 
the springing lines of the two cyhndr.e surfaces, and the springing 
line of the spheroidal surface, and the two axes of tlu- cylindrical sur¬ 
faces may he all in the same plane ; and that the springing hue of 
tint spheroidal surface may be the circirnfcreiicc of a circle, of which 
the diameter is greater than that of either of ttie cylindrical surfaces, 
and that no part of any of the cylindrical surfaces may he within the 
concave side of the spheroidal surface) such a ceiling is called a 
proper tpheriudo vylindrie cci/my. 

■The projections of the four curves upon the springing plane, of 
the four intersections of tho cylindric surfaces, and tlm spheroidal 
surface, are hyperbolas, haring their axes terminated by the vertices 
of the curves in each pair of opposite projections. 


find the' projections of the intersections of the curved Carpentry, 
surfaces. 

Let fig. 10, No. 9, be the elevation, and let No. 1 be 
the plan. In No. 1 let A P E Q be the springing line of 
the spheroid, ami let t u and f u' be the springing lines 
of one of the cylindric surfaces, x y, x' y' the springing 
lines of the opposite cylindric surfaces ; nlso let v w, 
v? to' lie the springing lines of (he passages in the trans¬ 
verse direction ; mid let rs, r' /bo the springing lines 
of the opposite end of the transverse direction. In the 
construction of the hyperbolas, which are the projections 
of the intersections of the curved surfaces of the cylindric 
surfaces, me given the double ordinates KK', 11', LL', 
and N N', and the axis B D and X Z, to describe the 
hyperbolas, which being done, let the curves be K' B K, 
ti II I, 1/ DL, and V Z M, which will be the projec¬ 
tions of the intersections of the curved surfaces required 
in the horizontal plane. 

The parts w lv N V, r N Lx, -r'L' I'r, and r'l K'wof 
the plan are pilasters placed under the springing^ be¬ 
tween the intersections of the curved surfaces. 

Li the elevation No. 9, let li y be the ground line, 
and let it be perpendicular to PQ, and lienee parallel to 
A K, then the right sections of alt Ihieryliudiie surfaces 
being semicircles, the cylindric surfaces of which their 
axes are perpendicular to the elevation will be projected 
into semicircles, of which their diameter will be parallel 
to the ground line. Let this projection be made, ami 
let it be ghi, No. 2, and let J'h be the radius perpendi¬ 
cular to’the terminating diameter g i. Piolong g i to a 
and c, and niakeyV and j a caJi equal to t’A or (’ K, 

No. 1, the radius of the circle of the spheroid contained 
in the springing’-plane. Through h draw up. No. 2 , 
parallel to a e, and draw BA, Sid perpendicular to the 
ground line £7 to meet tip, No. 2, in A and d. Draw 
C <• perpendicular to the ground line /J 7 , and from 
either of these points A or </, as d wiili u radius equal to 
fa or fr, cut* l c in g. Draw g d intersecting a e in r, 
mill make/c equal to vd. Then by means of tlu* axis 
major at-, and the semiaxis minor fr, describe the semi- 
ellipso abed r, and i.* A c d 1 : is ihe section of the sphe¬ 
roid leipiired ; Irom this the ribs of the ceiling luav be 
constructed. The lines kb and hi are the projections 
of the two interseitioiis of the curved surfaces, of which 
their projections are the liypcibolic curves Iv' 13 K, 

L' D L. 

Section VII. 

A pendenl>r< ceiling is a celling consisting of Me iVmVimvo 
portion of .1 spherical or ol a'spheroidal sin face, com- ccuing*. 
pnsed by the veitivnl faces ol the walls of a room. 

A proper spherical or spheroidal, pendenlwe. ceiling is 
0 ceiling comprised try the vertical laws of the lour 
wails of a room rising firm a rectangular plan, so that 
the in!, rsectinn of the vertical diagonal planes of the 
room may pass through the centre of the spherical or 
spheroidal surf.ice, 

A regular, polygonal, spheroidal, prndentire ceiling 
is. a spheroidal surface comprised by the vertical planes 
containing the inner faces of three or more ndjacenl 
walls, rising from a plane which is a regular polygon in 
such a manner thiil the axis of rotation of the spheroidal 
surface, being prolonged, may pass through the centre 
of the ]H>lygonal plan. 

A proper, quadrangular, spheroidal, pendrnlive ceil¬ 
ing is the portion'of a spheroidal surface comprised by 
the vertical planes which contain the four inner faces 
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Carpentry, of a room, of which the plan is a rectangle, anil of which 
-"•v”—'' tiie vertical, diagonal planes intersect each other in » 
right line containing the axis of rotation of the spheroidal 
- surface. 

l ,,ll, « i "K The intersection of a spherical or spheroidal surface 
and the plane of every wall of the room, is called a 
spl inting curve * 

In the construction of pendentive ceilings it will be 
convenient to place all the ribs in vertical planes passing 
through the centre of the sphere or spheroid ; for in 
this position of fixing the ribs ail the ribs may lie formed 
by means of one mould only ; since in this position they 
will all have the same curvature and will all intersect in 


terminate upon. With the radius gm describe the semi- rw..*. 
circle dm l, meeting A C in d and t, and draw d r !ln(l - 
tj each perpendicular to A C, meeting the curve He'fc 
in r. and/; then A e or C/are the portions of the curve 
for each diagonal lib, in order either lobe tei minuted by 
a horizontal cornice or by a come skylight in the middle 
of the ceiling. Again trout the tei,ire g with the dis¬ 
tance g/i, the length of the plan of a rib, describe tile 
arc/t />, meeting the diagonal A C in p, and draw p rj per- 
pentlicular to A C, meeting the curve A «•/(; „i ,j ; then 
</ r is the portion of the curve of the edge of the rib 
which will stand over mn in the plan. 


one point of the spheric surface. In order to divide the 
ribs etptally, it will uldo be convenient, that the vertical 
planes which contain the curves of the ribs may make 
equal angles with one another, and that four of these 
ribs may be in the two diagonal planes. We shall call the 
ribs placed in these planes the diagonal ribs ; hence if 
one of the diagonal ribs be found, every radial rib will 
be less than a diagonal rib. 

Example. Let it lie required to construct a spherical 
peudeiilive ceiling over a given square plan A B C J), 
pi. \i. tig. 2. • 

Then, because the chords of the springing curves are 
equal to the sides of (lie plan, and since in this example 
the sides of the plan are all equal, the chords of the 
springing curves to any side of the plan are equal. 

Draw the diagonal AC, then AC will be equal to 
the clionl of the diagonal ribs. Upon AC as a chord 
describe the arc A e/C of a circle, mid the perpen¬ 
dicular g ft from the middle of the chord is equal to the 
perpendicular from the middle of the chord of inch of 
the springing curves. Therefore bisect tile chord C 1) 
of the springing curve upon C I), and druw 1 1 perpen¬ 
dicular to C ]). Make i / equal' to g h\ and from the 
point /, with a radius equal to l D or I C, describe the 
arc C k I), which will not only be the springing curve 
for the face of the room of which the plan is C D, but 
also for every oilier face. 

Now since all the radial ribs are of the same cut vature 
and their lengths only diifcr, and since the curve of a dia¬ 
gonal rib is given, we have only to cut an arc from the 
curve of the diagonal so as to stand over the plan required. 
Thus let r he the middle of the curve A c/C, and let. mn 
he the plan of one of the ribs ; also let gin he the radius of 
the horizontal circle upon which this rib is intended to 

* The extremities of ail tlio springing curves .ire in a plane parallel 
to llie horizon, niut when the so. face of the ceiling is spherical, and 
when the plane containing the extremities of tho springing curves 
passes through the Centro of the sphere, the springing curves will bo 
all semicircles. 

If the plane containing the extremities of the springing curves 
be above tiro centre of the sphere, then the centres of the springing 
curves will he nt the same distance below their chorda, as the centre 
o! the. spheric surface is below the horizontal plane which contains 
the extremities of the springing curves. 

Moreover, when the surface of a ceiling is spheroidal, and when 
the horizontal plane containing the extremities of the springing 
curves (losses thruiigh the centre of the spheroid, and when the axis 
of rotation is in u vertical puvition, the springing curves in tlio 
planes which contain the inner fares of the walls of the room are 
all similar to the curve of the vertical section of the spheroidal sur¬ 
face passing through the centre. 

A mom having a regular or proper pendentive ceiling will admit 
of the most elegant decorations of uilnstvs aud columns, as appears 
from the perspective new, pi. vi. tig. I, where A ts one of the four 
spherical prudeutives which is formed hy a horizontal cornice (ltthe 
top, and the two architraves bordering upon the springing curves in - 
the planes of two adjacent walls. 


Section VIII. 

A niche, is a recess in a wall generally formed by a Niche, 
cylindric surface standing tipou a level surface and sur¬ 
mounted by a spheric surface, so that the axis of the 
cylindrio surface may be vertical-and may pass through 
the centre, of the spheric surface, and thut cylindric and 
spherical surfaces may meet each other in a horizontal 
plane, and that the cylindric and spherical surfaces may 
have the same tangent plane, and that the cylindric aud 
spherical surfaces may be terminated each by the vertical 
surliice of the wall.* 

Example. In fig. 3, let m, No. 1, be the projection 
of the line in which the verticul planes of the ribs which 
pass through the centre intersect am, the plan of the 
wall, it d g in. the projection of the springing horizontal 
arc. Let this plan be divided into ribs, and let the two 
faces of one of these ribs be represented by the right lines 
c n and / p. Let the outer circle, in which the back of 
these ribs may be supposed to be placed, be Ip i. From 
the points e and/, in which e n and fh meet the inside 
of tiie front rib, draw c i and f h perpendicular to e n, 
and let these lines meet the inner curve in g and bf ; 
then gbih shows the joint at the- top; g h and b i 
being the right lines in which this joint terminates upon 
each face of the rib. Of this rib d b is the length of the 
curve on the inside over e d, and dg is the length of the 
curve over /o. In this construction, as the bisecting 
planes of the ribs all meet in a vertical axis, the projec¬ 
tion of this axis is the point/ which is the centre of the 
projections of all the ribs. The construction of the re¬ 
maining rib will be found in the same inunuer as the 
rib now described. No. 2 is the elevatiou to the plan 
No. 1. 

Again, because the top or head of the niche is a por¬ 
tion of a hemisphere of which the sptinging plane is 

* la the construction of tlio head of a spherical niche, since 
the lathing surface of a spherical niche is spherical, as well as the 
apparent surface of the head, the curves of the ribs will be portions 
of the circumference of u circle; and if the curves of the ribs be in 
places passing through the centre of the sphere, all the edges of 
the ribs which are in these planes will have equal curvatures, and, 
consequently, will have equal radii; moreover, if the ribs 1* in ver¬ 
tical planes which pass through the centre of the sphere, the planes 
of all the ribs will be perpendicular to die horizontal plnuu in which 
the cylindric and spherical surfaces terminate. If the surface of the 
wall bo a plane surface, and if it contain the axis of the cylindric 
surface, the curvet of all the ribs will be quadrants of circles winch 
will all have the sumo radius ; but if the axis of the cylindnc sur¬ 
face he without the face of the wall, the curves of the u,ls 1,e 
arcs of circles of the same radii, aud these curves will be each less 
than a quadrant. 

In the plan, the sptinging between the cylindric and spheric sur¬ 
faces wilt be projected into the arc of a circle, and all the ribs which 
are in vertical planes will be projected into right lines, and the \er- 
tical line in which tlio back ribs intersect will be picketed mfoa 
point which will be a common termination fur all the back ribs. 

2 N 2 
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(\tipcntry. the base, all sections of the hemisphere perpendicular to 
this base will he semicircles; or because the springing 
plane passes through the centre of the sphere, all the 
sections of the spherical surface perpendicular to the 
springing plane will be semicircles ; hence the front rib 
of the niche will be a semicircle for the plane if the wall 
is perpendicular to the springing plane. 

JOINKRY. 

Joinery is the art of fixing various pieces of wood 
together, chiefly for such parts of the interior of a build¬ 
ing a#arc exposed to the eye, and which are employed 
in the construction of doors and windows, and for lbrnt- 
ing the various margins round plaster in order to cover 
all external angles, and thereby protect it in its weakest 
parts from injury or accidental violence, so as to rentier 
these parts comfortable, convenient, and agreeable to the 
eye. 

Joinery may he extended to various decorations both 
exteriorly and interiorly, as <11 architraves, bases, sur- 
bases, pilasters, columns, Ac., as also in the linings of 
walls, or partitions, in the forms of boarding and wain-' 
scoting. and in the construction of stairs and hand rails. 

For all these purposes the surfaces which arc exposed 
to the eye ought to he made quite smooth, and the joints 
between every two separate pieces of wood perfectly 
close.* 

Section I. 

The best stairs arc constructed with an opening 
in the middle of the stair formed by the ends of the 
steps, which are generally all in one surface, rising per¬ 
pendicularly to the horizon from a given line on the 
floor, which line is called the plan of the end « of the 
steps, and the open space in the middle of the staircase 
is called the veil hole. 

The hand rail is a fence made adjacent to the well 
hole, raised to such a height above the steps and sup¬ 
ported by vertical bars called balusfirs, us to prevent 
those who ascend or descend from filling through the 
well hole. In the formation of the straight parts the 
workman requires no directions: we shall therefore treat 
only of the construction of the curved parts, or of the 
curved part of a rail, and so much of the straight parts 
as .not only give the proper direction or position, but also 
"alibi'd the best means of fixing the straight and circular 
, parts together. 

A body is said to stand over a given plan when a 
right line drawn from auy point whatever in the outline 
of the plan peipt ndicular to the horizontal plane, cun 
only touch the body thus raised. 

A stair is said to make as manv revolutions as the 
stolie.s are in number through which the stair is earned, 
and all these revolutions generally stand over the same 
plan. 

The hand rail is generally prepared in Midi a manner 
. that the section ot the rail made by a vertical plane 

* In the ojicrations of Joinery, the field of application of those ex¬ 
tensive principles, to which the Art of Carpentry has him so mueli 
indebted, is narrow and not so generally interesting. We cannot, 
however, dismiss th s subject without laying before 'air rendu a Siam: 
of their further upohcations, and such as wi.I he both advantageous 
and agreeable to the pursuits of the ardent student in the general 
know ledge of construction. 

Among these the principles and construction of band rails will las 
found of tho greatest utility; we shall therefore invite the render 
to direct his attention to that subject. 


drawn perpendicular to any tangent whatever, to the Carpentry 
convex or concave side of the plan through the point of v -—v— 
contact, may be a rectangle, and that the rectangle tnuy 
have two sides perpendicular, and consequently two 
sides parallel to the horizon ; moreover, that cveiy two of 
those rectangular sections may have the same hoiizontal 
breadth. The figure of the rail having litis property 
is said to be, squared. A rail thus squared will have 
four visible sides or faces, of which two are cylindrical 
and stand immediately over the sides of the plan, and of 
which the other two arc spiral surfaces, and cover the 
area of the plan between its outlines. The convex 
cylindrical surface when extended in piano ought to be 
everywhere of equal breadth. 

The figure of the convex surface extended in piano 
is called a falling mould. 

As the curved part of a squared rail is generally put 
together in two parts, so as to form the entire curved 
part, with Iho addition of a small part of the straight 
rail joining each extremity of the curved part, each part 
tuny be comprised between two parallel planes, of 
which one may be made to touch one of the spiral sur¬ 
faces in three points, and the other to touch the oilier 
spiral surface at least in one point, e 

Then it is evident that the whole rail may be con¬ 
tained between two cylindrical surfaces and two parallel 
plane surfaces. Therefore the sections of the cylindrical 
surfaces in these parallel planes will be equal; ami since 
the outlines of the plan of the rail are right sections of 
the o) lindrical surfaces, we have only to find from the right 
section an oblique section of the two cylindrical suifaccs 
in the same position as the two parallel planes would be 
when the rail is put in its proper position. A mould 
formed to such a section is called a face mould.* 

Kj ample. In a semieylindrie stair terminating with 
parallel straight walls, let a bed of t.... «, tig. 5, be 
the plan, the half of the rail over the circular part ; the 
quadrant b erf ef being half the ground line of the 
soinicy liudric surface which contains the convex side of 

* Ili-iiii-, it" tin- piece of wood out of which a part of the rail is 
to tv made, has its thickness ctpial to distance tietwccu the pamllel 
planes, iho rail may he cut out of tho wood by applying tin- has: 
in mid on each side ot the plank in its proper position ; met haling 
cut away (bo sapertlno'.is wood, so as to loon the com-aiu and ism. 
v.-x r.lindiieal sin bices, n ivdl only lclnain to apply the falling 
mould lu its prnpc: position, and then to form the spiral xiirl.ue-. by 
means of the lines drawn upon tin: eyiindriv surface, from the 
tailing mould, and the part of tho rail thus squared, ivlion set up m 
its situation, will .irr-jugi- over its- plan us required. All that is then 
required is to find tho lace mould and the tailing mould. 

The posit uni of the pbinv of section nmy lie determined hy having 
given Ihtee points on the plan, and the perpendicular heights of the 
right lines standing upon those points to the under spiral smt.ice of 
the rail. 

From ivhat has now been explained, it is eriveted that thu reader 
ivi i h ivc his ideas sufficiently clear In comprehend tho construction 
of liiU'.d railing. 

Tin p'-ui of a hand rail must 1st regulated by tho plan of the 
staas. I'll- most genei-.il form of a staircase Is that oi which the 
vert lent .siqaitlieu-s of the walls is a scmii-yliudnc surface, joined at 
e.i-h edg tiy two plane surfaces, which if prolonged would Is- tan¬ 
gents to iho -i in 'ey limbic. surface, anrl are consequently parallel 
til line another; (lie staircase is enclosed hy a third wall, of which 
the inner tytical Kurlnce is perpendicular to the othrr two vertical 
surfaces which join thu semieylindrie surface. Ko that the plan of 
such a stair is in the form of tho letter I). Fig. 4, plate vi. exhibit* 
the two projections of a sbnmiso anil stair as that now described. 

The faces of the steps me ail perpendicular to the interior vertirul 
surface ul the surrounding wall, therefore in tho straight walls they 
are .in parallel planes, and m the circular pmt they bend to the 
pvis of the cj liudric surface. Those steps in tho cylmdric part am 
called winders, and those in the straight part ure cnllcd fliers. 
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the rail, and the quadrant pybe, the ground line of the 
semicy limbic surface, which contains the concave ver¬ 
tical surface of (he rail, the right lines ah, a ft, the 
groined lines of the planes containing the exterior and 
interior surfaces of the straight purls of the rail, aud 
the right lines a a,f e, the ground lines of the vertical 
planes which contain the joints. Moreover, let a, b, <; 
be the ground points of three vertical right lines which 
contain the heights of the rail or distances from the plan 
to the under spiral surface; besides this are given the 
heights above these points to the under spiral surface of 
the rail to find the falling mould, and the face mould, as 
also to show the positions itt which these moulds may 
be applied to the plank. 

In fig. G, draw the right line A D, and in A D make 
A 11 equal to the breadth of one of the steps in the fliers. 
Draw B C perpendicular to A D, and make B C equal 
to the height of one of the steps. Join A and make 
II F equal to b a, fig. 5. In the right line A D, fig. G, 
make B 1> equal to the length of the circular arc bed ef, 
fig. 5. and draw I) K perpendicular to DA. In.DK. 
make 1) E equal to the height of as many steps, and 
one more than the half of the circular part of the plan 
contains winders,‘and join E C. Cut off the angle at 
O by the curve G II K, so that C A and CE may be 
tangents to the curve at G and K. 

The A G II K E is the under side of the falling mould. 
Draw the mixed line I J K equidistant from a mixed or 
compound line A H E, so that the distance between the 
two compound lines may be everywhere equal to the 
breadth of the dcvelopcment of the convex cvlindric 
surface ot the rail, and these lines will form the falling 
mould required. Prolong B C to meet the under edge 
of the falling mould in II; and F G, B II, and D E arc 
the three heights ot the rail over the points a b, «, 
fig. 5. 

It now remains to find the oblique section of the 
cyliudric suifuce by a plane passing through the three 
points of which a, b, i are the feet. Join t a, fig. 5, and 
draw b z parallel to i a. Draw the three right lines a n, 
h j\ and «. y perpendicular to <-■ «, or at any given angle 
with «' a, so as to be paiallel with each other, and make 
the right lines an, b x, and <. y, respectively equal to 
-l 1 ’ G, B II, ami D E, fig. <>; but ns the object is (o obtain 
the intersection of the plane, which contains the section 
to be found, this object will be found moreenmcnienlly 
by making « n, b x, and i y u certain part of each line. 
Get therefore a n,b x, and <•// be each respectively equal 
to one-third part of FG, It II, and 1)E, fig. 6. In 
fig. 5 join y n, and draw x s parallel to y n. Piolong 
«-• a and y n to meet each other in o, and through the 
points o aud s draw the right line '1' U, which is the in¬ 
tersection of the plane which contains the section of the 
rail to be found. Through any convenient point T in 
T U draw the right line T V perpendicular to T U, and 
draw e l perpendicular to TV, meeting TV in l. Draw 
l I' perpendicular to TV, and make / 1' equal to D E, 
fig. U, and in fig. 5 join E l', which prolong to VV if 
necessary. 

Then a b c d e f may lie considered as Jhe base or 
right section of a cylindrical surface, T U the intersection 
of a plane culling that cylindrical surface, and V T VV the 
angle of inclination of that plane ; it is required to find 
the sections of the cyliudric surface upon this* plane, 
'lhis section will be found in the very same manner as 
that of an angle bracket, or angle rib of a cove ceiling, 
and the application of the moulds to the plank will bo 


found in the very same manner as the application of the Curpentiy. 
moulds to the boards in forming an angle bracket. 

Thus let the oblique sections of both cylindrical sur¬ 
faces he found, und let them be a' b' n 1 d' r’ f and a' ft' 
y'b'c'. Join «' i', and draw pq parallel to TV, and at 
such a distance from TV as may be equal to the thick¬ 
ness of a plank sufficient to contain the rail, and let p q 
meet l l' in q. Draw q r perpendicular to T VV, and 
draw c' r parallel to T VV, also draw rs perpendicular to 
a' d meeting a' if in *. 

In fig. 7, plate vi., let LMONbe the edge of the 
plank, LPQM the top, N ItS O the under face, VVe 
shall call a' W o' df e'f c' .... a, in fig. 5, the face mould. 

Apply the face mould in fig. 5 to the face P L M Q, 
fig. G, of the plank, so that the points afd, fig. 5, may 
be upon L M, fig. 7, viz, * upon l, and «, fig. 5, upon z, 
fig. 7, and draw Y the figure of the mould. In G M, 
fig. 7, make t u equal to <■' s, fig. 5, and in fig. 7 draw 
« to perpendicular to L M, intersecting N O in v. Make 
v m equal to r s, fig. 5. and draw ux parallel to N O. 

Apply now the face mould so that the points d, a', 
fig. 5, may be in the line to x, fig. 7, the point c' being 
upon to, and the point a' upon x, and that the entire 
mould may be upon the face N OS R. Then the 
figure of the mould being drawn also upon this side of 
the plank, the two figures thus drawn will be true sec¬ 
tions of the cylindrical surfaces required, and if the plank 
containing these figures be set up in its real position, 
the curve liue a'b'e'd'df, fig. 5, will fall over the 
ground line abed ef and the curve line a (V y' o 
will fall over the curve line a fiy c 

Having cut away the superfluous wood on the out¬ 
side of the figures, the two helical surJaces may be formed 
by means of the falling mould, and what remains to be 
done will be understood by the workman. 

The mitre cap of u rail is a piece of wood formed into 
a surface of revolution, in order to terminate a straight 
hand rail, and is generally employed wheu the stair has 
no well hole.* 

In fig. S assume the pointfor the projection of the 
axis of rotation, aud ftom s'with a radius equal to the 
radius of the great circle of the. mitre cap describe the 
circtimfetciice a off of a circle, and this circle will be 
the projection of the contour of the mitre cap. Draw 
s' »■ in any convenient direction for the projection of the 


* The tail is mitred into the circular cap, which is of (greater 
diameter than lire breadth of Die straight rad, and the tivo are 
joined togethvi in such a manner, that, when finished, a vertical sec¬ 
tion may divide both the rail -uid the inure cap into two symmetri¬ 
cal pacts ; anil that this plane may pass Dtrough the axis of revolu¬ 
tion of the initio cap, and longitudinally along the rail; aud that the 
hack of the rail, ..iter descending in a right line, may proceed in a 
curve until it becomes level, or has a horizontal tangent at the 
point where it meets (liu circular cap ; nud that the surface of the 
rail and the surface of revolution of the circular cap may meet each 
other in two vertical planes only ; and that the intersection of the 
meeting planus may be in the longitudinal plane which divides Die 
hand rail aud the mitre rap each into two symmetrical parts. 

.Let the plan of the rail and the mitre cap he iio projected that the 
axis of rotation of the mitre cap may Ik* perpendicular to the plane 
of projection ; then the plane which divides the part of the tail and 
the mitre cap each into two symmetrical parts will he pma-rted into u 
right line, and the centre of the mitre cap will lie pi ejected >“to a 
point, and the contour of the mitre cup will he projected into a 
circle of which the diameter is cipuil to the great circle of the mitre 
cap. The point which is the projection of the axis ot uitatioil will be 
the centre ot the circle, winch is the pi ejection of the contour of the 
mitre r.,p, anil the right lines which me the projection ol the plane* 
containing the imlro will be radii of the circle, provided these 
planes pass through the axis of rotation us they are s ipposed to do_ 
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Caij'iutn. vertical plane which divides the rail and the mitre cap 
s—•s.,-*—* into two equal parts. Then the projections of the con¬ 
tour of the sides of the rail will lie right lines, which 
will not only he parallel to the right line, which is the 
projection of the symmetrical plane, Iwt will be equi¬ 
distant from that right line, and on contrary sides of it: 
Iheretbre, through any point.« in ss' draw af perpen¬ 
dicular to it s', and make su and af cadi equal to halt 
the breadth of the back of the rail. Draw <i o', f g 
parallel ton's, meeting the circle a' gf <> in a' and g and 
a a', fg will lie the projections of the sides of the straight 
rail. 

Let a be dr fru lie a rigid section of the sdraighl 
rail so placed with legald to the line (if that af may 
be the greatest hori/ont.il dimension of the right sec¬ 
tion of the straight rail : lienee the right lines in the 
section which arc perpendicular to a/will lie in plains 
parallel to the plan which divides the rail and Cap into 
• two symmetrical parts, aud therefore the projections of 

these planes and the ordinates of the right section of the 
rail will all be in right lines parallel to s s'.* 

The figure ctu a fg f may be considered as the pro¬ 
jection oi the surface 8, as well as the projection ot the 
rail and cap, ami a'f may be considered ns the intersec¬ 
tion of one of the mitring planes in the surface S ; 

• therefore the ordinates upon a'f will be equal to their 
corresponding ordinates upon a f lienee through any 
point p whatever in af draw the right line p p parallel 
to * d to meet a fin p. Draw p b perpendicular to af 
meeting the curve or outline of the right section in A, 
and draw p'b' perpendicular to a'f. Make p' b' equal 
lo pb; then the points a'. b',f are in the cmvc of the 
circular cup. In the same manner may lie found a 
number of points through which the curve may be draw tt 
with sufficient accuracy ; this being done a' b'c'd'r'fific' 
is the section of the mitre cap required. 

Section II. 

Hoppers of The construction of columns and the hoppers of mills 
mills. in wood, whether mitred or dovetailed, depend upon 
that principle of the trehodral in which the two right 
faces are given, to find the inclination opposite lo one of 
them or adjacent to the other, and as such subjects fre¬ 
quently occur in practice, one or two examples will be 
useful to the student in this branch of the art of con¬ 
struction. 

Example. Fig. 9 exhibits the two projections of a 
hopper joined together in the form of a regular square 
pyramid. r l’he horizontal projection continuing the plan 
iieiua parallel to the square base of the pyramid, and the 
veitical plane containing the elevation being parallel to 
one of the edges of the base and perpendicular to the 
adjacent edges. The base will therefore lie projected 


* Lit ns Hour suppose .1 xiiifico piw.lng dirni.gli the joint of thu 
rail .mil ond.lining ihc right anen/'o hec-Olwl lh t mu IV Sj an,11, t 
its suppoMi a veitical plain* intirw cliag the surfacn S, and passing 
through any point whatever >11 «/p.ir illcl to ihe plane, of *q utinefiy 
to hi* called the | telle 1*, anil lid the mti I’&ectrnl of It).; pi.me I* .:i 
ti e Hhrtari! S he called the intersection I ; then let the iiitirscctmii 
I in llit* plane X 1 divide the (.retain nf the rail m the plane t' mlo 
two sill’ll parts, that tho part let v-ceri the inh reaction 1 and ilia 
I nick nf the rail may he everywhere of the same bnadlh; then 
eve.y iigln lulu peqer.dienlar to the surface S, coinjirised between 
tin* suifa.« S and ttie curved ■'Uitai’i* of the rap, will be equal tu thu 
r.glil line in which the ejiimlni* s.nface which contains die perpeu- 
d.eulir. auil of which the axis of iillation is also tile axis of ili.it 
Cj liu.iric surface, nieela one of the planes of the nutre. 


into a square, and the elevation into an isosceles Iriun- Caqwntiy. 
gle. I-et. the plan be t\ IICD and the elevation K Ft!; v “ — 
the right line E F being the elevation of the base 
A BCD. In the plan draw the diagonals AC and 
1) D intersecting each other in the point H anti draw 
H i perpendicular to II Ik Miike H f equal lo the 
height of the pyramid A (i in the elevation, and join B i. 

We have now given the angles of the two right faces 
II B i, h BC of a right trehedral, to find the dihedrul 
angle opposite to the right fuce II BC. 

From any convenient point II in the diagonal II D, 
draw II j perpendicular lo Bi meeting H t in j, and 
draw lit' pei peudieular to B I) meeting BC, or BC 
prolonged in C. Jn III) make 11 k equal to IIy and 
join kV. Then II k C is the angle of the mitre, and 
the double of the angle hkC will give the angle of thv 
abutment of the dovetail joint.* 

Fig. Hi exhibits the two projections of n regular 
octangular pyramid according to the foregoing positions, 
and as the diagram will agree with the same explanation 
it won HI be unnecessary to proceed further. The 
accented letters in the two diagrams it and 10 are 
affixed to pyramids nf less height, and show the met lust 
of finding the angle of the mitre more elearly. 

By this means a solid of revolution appmaching in 
fig me to the frustum of a right cone may be roust rutted 
with a series of thick battens of wood. 

For the frustum of a pyramid of which the bases me 
regular polygons may be formed so as to be easily eon- 
verted into that of a right cone By increasing the iiuin- 
Iht of sides, nod by making the planes of the sides at 
ecpial angles with the pl ii is of flu* bates, this eonvei- 
stou will be more easily elli-vtod. 

And since this Iru mni is evidently the figure nl a 
roof hipped on all shies, having’ the plains of the cover 
ing at equal angles with the plane of tin* horizon, and 
the miter edges of the tops ot the walls in the form of 
a regular polygon, the angle eontaineil by tu,y two ad¬ 
jacent planes of the sides of ilic pyramid will In* found 
in (lie same manner from the angle made by two sides 
of the polyiri and tin iiulinaliou of the face of the 
pvrsm'.d to the plane of tin* base, ns the 'angle at tlu: 
hipped edge nl a root is found from the angle made by 
tin- two adjacent walls, and the .■•ugle made l*v niiv of 
the .doping sides nf the covet ing, and the plaited the 
top of the walls. 

With respect to the polygonal frustum under <r,asi¬ 
de-ration, the angle eontu.md by tie plum® ot two ad¬ 
jacent hides being found, the hah of it wdl be the dihe¬ 
dral angle made by the oii'ei lace and the «url:tet* of tin* 
edge of each batten. The length of unit batten at the 
edge will hr* found in she same manner as the length of 
the hip line of a tool, and the breadth of a batten ut 
each end will be equal to the side of the polygon at tin* 
corn s) -Hiding end, 


* Soul ’.mei for want nf rant!' it may nut always la* cniainn-st 
lo me tlio culm; distance /<(;. (inures final Ilf, .iintMncealllli.it is 
required is to find fhr (in,;lr II H i td'tl.e vertical bos*: thcictuie lo 
the Case o*' ijj .re looni living cquirert, niaiv hum any convenient 
point i in tin* elevnlion i m |ivq,i articular to K X" meeting K ft in «i, 
told draw i n p**r|*endicului‘ to V, K Hireling U I) m ». |)rau- ,< i, 
perpendicular to if 11, anil make n a equal to i m. Join Ha, then ]j .> 
ami D i ijre in the same rigid line ; lienee A 1{« and A H i iiiuku tha 
saute angle. Draw «» perp-iiiliii lar to H i meeting JJj in «, hc.iI 
ill If II make >i / equal to a*. Dr.nv n c pcrpcudicub,, to II H inert 
ing If C in <*, and J an l r. Then thu angle* n i Cand tile are 
equal. 
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Carpentry. The battens being all properly diminished, and the 
surfaces of the faces and edges made to form t he angle 
required, the parts' when joined together will be the 
frustum of a pyramid, which will be easily converted into 
that of a right cone by reducing the angles and thereby 
leaving a regular curved surface in place of them. 

Hence the shaft of a column may easily be con¬ 
structed upon this principle ; first, by making it in the 
form of the frustum of » pyramid, and then by rounding 
off the angles.' 

Tiie following observations on the application of the 
principles to practice will be found of signal use to the 
young architect, builder, or workman. * 

A working drawing is a representation of the whole 
or of some part of a building on a plane surface, and 
may either l>e a plan or elevation, a section or a deve- 
lopeinent of the parts required to be put in execution. 
The constructive lines in C'aipcntry arc generally de- 
velopements of certain difficult parts of an object or 
building. A dcvclopemeut, though drawn upon the 
siune plane, consists of one or mote sections of the 
object in different planes, these sections being supposed 
to be ruised to the proper angles which they make in 


the object itself upon certain lines which are in the Carpentry, 
plane upon which the drawing is made. ■ „ _ > 

Having fully explained the theory and practice of 
Carpentry and Joinery, the reader will now lie prepared 
to apply the principles of this theory to real buildings. 

In conclusion, it may be useful to give a short con¬ 
nected abstract of the whole principles before enumerated, 
and to point out their applications to practice. 

• Developable surfaces of cylinders ami cones are not 
only applied to the formation of arched solids in the 
apertures of doors and windows, but aho to the cover¬ 
ings of circular .roofs and domes. Vliable moulds 
made with such sm faces are used in Joinery for the 
construction of hand rails, and in masonry to form the 
conical beds of the stones of a dome, and the intrudes of 
tile stones of an oblique arch. 

Tiie sections of solids are applied in constructing the 
angle ribs, brackets of roots, groins, and of coved 
ceilings. 

The trchedral is applied in roofing to'find the angles 
at the junctions of tiie timbers ami the backings of the 
hip rafters, as also in masonry to form the beds of the 
stones of oblique arches. 
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Fortiflca. Fortification, in the strictest acceptance of the term, 
tion. j s usua |iy limited to the Art of constructing such works 
' “TyT* - ^ of-defence, as may enable a body of men to maintain 
the possession of a city, or of any military post or line 
lir Kcienck of country, against the assaults of a superior numerical 
ofFoirrm- force. But in a more enlarged sense, Fortification 
cation. embraces also the .Science of attacking and defending 
the constructions which it creates; and iii this view, 
therefore, its uses involve a very principal pari of the 
whole business of warfare. The Art of fortifying has 
often been eulogized, by its professors at least, as that 
exercise of maitiul skill which merits the unqualified 
applause of humanity : by reason of its being employed 
for the protection of the feeble against the oppression of 
the strong. The severer judgment of History will de¬ 
tract from much of this boast. Fortification, at the most 
favourable estimate, must only share the praise or re¬ 
proach which justly attaches to the military Art in ge¬ 
neral, according as it is honoured or disgraced by the 
purposes to which it is devoted. Defensive structures 
were, doubtless, originally the resource of the weak : but 
they have been full as often erected to rivet the yoke of 


conquest and servitude, as to cement the proud security Fortifica- 
of a free people ; nor, in the confusion ami frequency of ,10 “- 
international wars, would it he easy to measure the "V™-' 
moral benefits of an Art which, obeying the shifting vi¬ 
cissitudes of human events, is used alternately to resist 
invasion and to consolidate tyranny. 

Such considerations may be safely abandoned to the 
idleness of professional enthusiasts: they tend to no prac¬ 
tical result, and suggest no lessons of improvement. 

As a preliminary to any attempt to give an acquaintance Proposed 
with the general principles of Fortification in its present ^ 

stale, it is far more interesting and useful to trace the 
progress—or. as a lively foreign writer has termed it, 
the Natural History—of the Art through its connection 
with the military and political fortunes of Umpires; 
and before, therefore, we enter into some analysis of the 
existing principles of warlike constructions and the esta¬ 
blished rules of Science by which they are assailed and 
defended, vve shall endeavour to prepare the reader for 
a clearer comprehension of the subject, by tv rapid sketch 
of the changes which the method of fortifying has under¬ 
gone in different Ages of the World. 


PART I. 

HISTORY OF THE ART OR SCIENCE. 


CHAPTER I. ' 

Fortifications cf the Ancients. 

Obvious In this retrospect to the earliest known inodes of de» 
origin of fence, we shall not imitate those Writers who have ima- 
tion C1 " K' llc d it necessary to elucidate with oracular wisdom the 
W origin of Fortification itself. Unquestionably vve shall 

not deny, and still less shall vve proceed to prflw, the 
grave and palpable truism which such profound reasoners 
have laboriously enunciated :—that the Art of fortifying 
owed its primitive necessity and its rise to the violence 
ami the wickedness of mankind. Wc may be content 
with the assurance, that the saine want of individual 
security against the oppression and rapine of the 
stronger, which in the rudest stages of Society kept 
men united in families and communities, would dictate 
First expo- *’ rsl expedients for collective defence; that the same 
clients for Art which reared the first hovels for human habitation, 
defence. would prompt the idea of encircling the congregated 
dwellings of the Tribe for the public security with a 
wall or a fence of similar materials and structure. The 
nightly depredations of wild beasts, the incursions of 
human enemies hardly less ferocious, would equally 
suggest to the most untutored Savages the necessity of 
such an enclosure for the protection of their (locks and 
herds, their women, their children, and themselves. In. 
a word, the impulse of self-preservation, which is im¬ 
planted by Nature in the human breast, would teach 
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men in their wildest state to oppose to the fierce inroads 
of brute force such obstructions, as might place their 
lives and property in security from sudden destruction, 
and compensate for disparity of numbers aud physical 
strength. Those obstructions, whatever might be their 
form or kind, were, in effect, Intrenchments; and the 
craft which disposed aud fashioned them already consti¬ 
tuted the Art of Fortification. That Art may therefore 
be said to have originated with Society itself; the first 
expedients for its improvement would he contemporary 
with the earliest efforts of human ingenuity and contriv¬ 
ance ; aud, it need not he added, that its principles of 
construction have always kept pace with the general 
progress of Civilization anil the discoveries of Mechanical 
Science. 

It would not, perhaps, he very important to determine Their mate- 
witli exuctitu le, even if vve possessed the means of so J!*'* n ' 111 
doing, the nature and form of the very earliest fortifi- orm ’ 
cations. But we shall probably collect a sufficient 
idea of their qualities, by the. analogy which may 
lie supposed to subsist between them and the rudest 
essays of flic Art, observable among the savage people 
of different quarters of the Globe in recent times. The 
materials of the most ancient and simple fortifications 
were, no doubt, those on which, indeed, the modern 
engineer, with all his science, is still obliged, in his 
field operations, chiefly to rely:—earth and wood. 

To clubs and stones, the first offensive weapons among 
Barbarians, a bank and ditch, or a single row of strong 
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Fortifies- stales, or trunks of trees, might offer a more than 
hon » sufficient resistance. But as soon as the assailant 
learned also to assist his animal strength with .even the 
simplest expedients of Art, additional solidity and inge¬ 
nuity became requisite for security in the construction of 
works of defence.* In New Zealand, Cook observed the 
hippaha, or village-forts of the natives, placed on heights 
ami in commanding situations, but consisting of only 
a single enclosure of trunks of trees strongly and closely 
get on end in the ground, with a slight inclination in¬ 
wards. This fence was lined at intervals by interior 
platforms or stages raised to within three or four feet 
of its summit, from which its defenders, themselves 
covered to the breast, could hurl their stones and javelins 
on the assailants below. At the outset of the conquest of 
Mexico, Cortes and his followers (a. o. 1519) fouYul 
the defences of Tobasco, a town of some size on the 
American Continent, yet more simple in construction than 
those which we have instanced among the Savages of New 
Zealand. That. luilian fortress was composed of only 
a circular enclosure or stockade of large trunks of trees set 
upright, with small apertures through which arrows might 
be discharged.t The ancient nitrcnehments of Kani 
Sigeth, and Temisfivar, in Hungary and Turkey, as they 
existed so late as a. i*. 17Q0, are said In have afforded 
a specimen of barbarian Art but a step more advanced. 
These consisted of a double line of strong piles, having 
the interval between them filled with the earth of the 
ditch which had been excavated in front; the outer row 
of piles being left highest, to serve as a sort of parapet 
or breastwork fin- the defenders on the terrace or ram- 
pint. A remarkable similarity to this construction was 
shown in the iiitrenehments of the Burmese during our 
late war in Ava. Their common breastworks .were 
formed of a double line of stakes or hurdle work, the 
intermediate space of which was tilled with earth ; and 
their stockades or palisaded redoubts from ten to twenty 
feet high, whose assault in an uncleared and difficult 
Country cost the lives of so many of our gallaut Country¬ 
men, were built much in the same manner as those 
ancient Hungarian works. 

Progress of Such examples may suffice to exhibit the natural in- 
thu Art. fancy of the Art in all Countries and Times. The 
next improvement in military defence would obviously 
be coeval with the first employ ment of masonry in Civil 
Walls sail Architecture. Against the assaults of an enemy unpro- 
tunrixuf vided with ponderous missiles, a simple wall of stone 
muwmy. 0f j, r i c k wou j,j f orm B i nore ] 0 gy and durable rampart' 
than] iiitrenehments of earth or wood ; its height would 
increase the difficulty of escalade; and the invention of 
battering engines for its demolition would only impose 
the necessity of an additional thickness ami strength in 
its construction. But the defence was still extremely 
defective, as long as the besieged, from behind the sum¬ 
mit of their wall, were altogether unable to see the 
assailants at its exterior base; and this inconvenience 
produced the ex|iedient of a flanking or side defence:— 
a condition that may be said to form the main principle 
Sw plat* ii. of the Art. To obtain a flanking defence for the wall. 

massive towers of masonry were built at alMts angles 


* As an ancient example of this first improvement in Fortifica¬ 
tion may be mentioned the strong-hold of the Unbans, a People who 
inhabited the shores of the Rtixine: this is described by Xenophon 
(jinaiatu, fib. iv.)' as surrounded by a ditch sad rampart, on yphich 
were palisades and wooden towers. 

t B.Diaxde Castillo, Hiet.de la Cenauietade la tfueva Etpagnn, 
e.34. . 

voi». n. 


mason? y. 


and on each side of its gates ; and these towers hesides Foriifica- 
being made to project for thnt purpose in front of the ti»u. 
wall, were constructed of superior height so us to com- s —v-» / 
mand or overlook every part of it. The use of towers, i 
indeed, in Fortification may be pronounced of imuic- mi-rml .vnti- 
morial antiquity : for there are innumerable notices of 'l u,t y «f 
their existence on the walls of fortresses in the earliest ’ 

records, sacred and profane: in the Historical books of ' U ' 
the OldXmtamnit, and in the Hind. In later Ages 
they were made sometimes square, hexagonal, and 
octangular: but the preference was generally given tu 
the circular over any of these forms, as best adapted to 
resist the shock of battering engines.* 

Another invention of uncertain but less remote date Machicules 
was employed to increase the power of the direct defence, 
and to enable the besieged to see down to the base of the 
lowers and walls. Along the summit of all the works, 
and overhanging the main mass, was constructed a nar¬ 
row gallery, supported by corbel» or stone brackets, 
through the pierced floor of which every kind of missile 
might be showered upon the heads of the assailant be¬ 
low, who should attempt either to scale or undermine 
the walls. These machicole*, or projecting galleries, • 
still presented to the country the parapet or battlement 
that always crowned the walls, with apertures for the 
discharge of arrows and javelins at the assailants in . 
front; and a lower gallery also often ran through the 
thickness itself of the wall near its top, pierced with 
loopholes for the same purpose, and arched and open 
towards the interior.t A wide and deep moat, cither tuidi moats, 
filled with water, or dry where the level of the Country 
denied that resource, swept round the whole circuit of 
the walls, and completed the defence. 

Such, whatever variety there might he in the details. For an idea 
and whatever gradual improvement in the process of of the gene- 
construction, continued the general character of fortresses ro1 tt ri ,e,ut * 
and the principles on which their defence was regulated, 
frern almost the earliest epochs of authentic History r m 'tresse*, 
even until after the invention of gunpowder. The walls see plate i. 
of Parstum,‘which are pronounced by the best Clussical fig-1. 
Antiquaries to belong to a period far more remote 
than the Age of Grecian civilisation, are surmounted at 
intervals with the circular tower; and these stupendous 
remains do not differ greatly as fortifications from the 
structures of much later times. This common agree¬ 
ment of the modes of defence, which seems tu have ob- 
tainedat a very distant Age throughout the Western 
parts or Asia, and the European and African shores of 
the Mediterranean, may justify the opinion that the first 
improvements in Fortification, as in other Arts, were 
derived from the East But whatever was the origin of 
the general system of fortifying among the 9 ivilizcd 
Nations of Antiquity, it was from the vigorous intel¬ 
ligence and warlike spirit of the Grecian and Roman 
mind, that it attained all the perfection of which it was 
susceptible, whether in attack or defence; and it is m 
the records of the achievements and knowledge of those 
People alone, that we can. gather the traces of the an¬ 
cient Science. 

It would, however, be to little purpose to fatigue the 


* Vitruvius, book i. c. 5. 

+ Such a passage still appears in the remains of Aurvfiftu’s walls 
at Rome. Newton on ITtruviui, lib. i. c. 5. 

A modern traveller describes n similar kind of gallery with ope*- 
tore* for the discharge of missiles in five ruins of the walls of 
Tirynthiu near Argos, * construction of great antiquity. Iiughes, 
'/hi veil in Greece, fye. 

2 O 
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Fortificn. general reader with minute details, even from Grecian 
turn. and Roman examples, of the ancient system of fortify- 
_ ing; and a very few further remarks on its conditions 
Fortificn* vv iU be a n wt . shall offer. In the tracing or ground- 

Qreeksftttd P ,an of ,hc works - il a PP car lhat any fixed . 

Humana. rales were followed, as in modern constructions. The 
Configure- configuration of the walls was • usually determined by 
tion, the accidents of the site; or if any general disposition 
was preferred, it seems to have been merely an irregular 
succession of salient (or projecting) and re-entering 
angles, flanked by towers. This arrangement, from its 
frequent adoption, must have been generally consklered 
most advantageous for an obstinate defence: though 
Vitruvius* recommends the outline which most resem¬ 
bles a circle, and proscribes very salient angles as easiest 
to attack and most difficult to defend. Under any cir¬ 
cumstances it was a natural rule that the towers should 
not be further apart than the range of the ordinary mis¬ 
siles of the infantry in order that every part of the in¬ 
tervening walls might be covered by their flanking dis¬ 
charged 

kdght, and The height of the walls seems never to have’ been 
determined by any general rule, and differed iu all sorts 
of examples and circumstances. Ilerodotust gives to 
the ramparts of Babylon the enormous elevation of 
three hundred and fifty feet. Xenophon § says ( the 

works of Larissa on the Tigris were one hundred'feet 
high, and those of the Median wall nciir Babylon of the 
same elevation.{| But, without multiplying citations, it 
may be sufficient to observe, that modern commentators 
have been ted lo consider about one hundred and twenty 
feet as the mean height of the ramparts of Antiquity; 
and it is only in Asiatic constructions, which seem 
usually to have been formed on more gigantic propor¬ 
tions than those of Europe, that many instances are 
thickness of recorded of a greater elevation. The thickness, like the 
their wall*, height, of walls was various: but to afford space for 
the passage of armed men on the summit behind the 
parapet or battlements, mid through the lower galleries, 
os well as to resist the assaults of the battering ram, it 
could scarcely iu any case be leas than eight or tert feet. 
But it was certainly.often far greater; nor for the 
placing and working of the defensive engines could that 
breadth have sufficed. It has been disputed, indeed, in 
what manner these engines were disposed, and doubted 
whether they were ever placed on the walls: but 
though such as threw stones might cast their missiles 
from interior terraces or mounds over the walls like the 
modem mortar, there were othem, for the discharge of 
darts and iron-pointed beams, which must assuredly 
have been used, with a horizontal or point-blank direc¬ 
tion, through apertures on the summits tu»d in (he thick¬ 
ness of the works.*! ' ~' 

" -V 

■ > - • Ubi tuprli. ... 

t This range probably did not, in general,' exceed one hundred 
fast; and for one example we find in affect that the distance 
between Cwearfe toweis in his lines before Alena (not at the sipge 
' of SoingeS ft* Newton has erroneously stated} was eighty feet. 

Bilk Qaltieo, fib. vil. The wooden towers' constructed to strengthen 
lb* iotrauchments dt armies were, however, frequently farther ' 
asunder; tboae raised by Philip pf Macedou at the siege of 
Thebe* in -Fli thiol is wets one hundred hum from each other. * 
“ 'ybiuS, lfl>.v. c,.$. ' 

Wh. f.& 98. 

• t .■ , 

1 Idem., lib.fi. ■> 

/ Among the' Homan* there wae aa express distinction even in 
terms between the tMtrotnra or mere openings in the battlements 


It was doubtless for the purpose of obtaining a more 
spacious rampart for the placing of these engines, as 
well us for increasing the bower of resistsuice to the bat¬ 
tering ram, that the expedient of raising an inner trail 
of masonry parallel to the outer, and filling tile interval 
with rammed earth and rubbish, was often adopted. 
Thus the walls of the Piraeus and of Byzantium were 
twenty feel broad; those, of Nineveh thirty feet; and 
those of Babylon, which are described by Historians as 
seventy feet in thickness, were probably built in this 
manner. The ramparts of Bourges were forty teet thick; 
and Caesar lias detailed their mode of construction, 
which he declares was common to almost all the Gaulish 
cities. They were built of trunks of trees laid in hori¬ 
zontal rows, two feet. asunder across the thickness, 
and of alternate courses of stones and well-trodden 
earth ; andthe outside of the rampart was clothed with 
a thick wall of masonry, in which the ends of the beams 
were imbedded. This mode of building was admirably 
adapted for a good defence; befiailse the timber resisted 
the efforts of the battering engines’, while il was secured 
from conflagration by its admixture with the earth and 
stone.* Vitruvius recommends the use of scorched 
olive piles for the same purpose; are that wood is un¬ 
affected by the weather, by rot, and by age. But in the 
most massive constructions, he advises the introduction 
of transverse walls to bind the external and interior 
faces of the rampart, disposed between them either per¬ 
pendicularly like the teeth of a ootnb, or obliquely iu the 
manner of those of a saw.f 

When a city happened not to be advantageously situ¬ 
ated for resistance, or when its wealth and importance 
suggested a more, elaborate provision for defence than 
a single circuit of towers and walls, a double or even 
triple envelope of works was constructed. Of these 
we have instances in Jerusalem and in Rhodes; while 
Ecbatnnn, the Capital of Media, was surrounded with no 
fewer than seven enclosures of rampart. } A citadel in 
the interior of a fortress, or formed on the least accessible 
part of its circuit, was as common a resource, for se¬ 
curing a last refuge to the garrison, or for overawing the 
citizens themselves if disaffected, as in modern times. 
And, not (infrequently, the several quarters and suburbs 
of a large city (brined so many distinct fortresses: whilo 
.sometimes a chain of detached works covered the heights 
which commanded the approaches to the place, or, in 
maritime situations, defended the entrance of ports, or 
the mouths of rivers. 

For a single example, exhibiting all these provisions 
of defence, we need only cite the fortifications of Syra¬ 
cuse, which Nature and Art hall conspired to render 
one of the strongest places of antiquity, and which de¬ 
serves particular notice in . Military History for its 
resistance in three memorable- sieges to the arms of the 
most warlike and scientific assailants pf the times—the 
Greeks, the Carthaginians, and the Romans, In all 
these sieges, of which the first and last (by the Athenians 

at the top of vails, and the port-hola, or aperture^ with which the 
successive stains of the tower* were pierced: fire former wore called 
arena:, the UiUnfenetirm. From Csesar we ftod positive evidence 
that, in tower* of attack) engine* were placed Which discharged 
thai* missiles through poit-holcs. In the tower raised at the siagd 
of Marseilles, it is «»UV/»erfrMgip judnu in bait vinm at, ad 
tornumla nittenda tlrnemb telhuenmt, Dt Bella Civ,a, Ufa. «. 

•JpMsar, Dt Belb QulHab, fib, vlL 
! r^arts of Constantine’s wills at Boms show the remains U 
saa transverse wells. Newton on ntrwriut.ubi mm, note 7. 

* Herodotus, a# tup, ' 
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Forfififa- under Nicies, and by the Romans under Marcellus) 
fern. must be familiar 16 every reader, the defence may be 
^v ** * 1 1 declared to have been successful f the' besieging arma¬ 
ment df tbe Carthaginians under Tmilcon, like that of 
the Athenians under Nietos, was repulsed and de¬ 
stroyed ;* and it was not until tbe genius of Archimedes 
had baffled the assaults of the Romans, mid long after 
they had been compelled to convert the siege into a 
blockade, that Marccilus carried the place by surprise. 
The main-land City of Syracuse was seated on the North- 
* era side of its fine port, at the entrance of which lay the 

Roe pL ii. Island of Ortygia, (a) separating it into two harbours;. 
fig. 3. the lesser, or that between the Island and the City, being 
thus divided from the rest of the hay. Ortygia consti¬ 
tuted the chief maritime defence of the City; it con¬ 
tained the citadel and arsenal, insured the command of 
the two ports, and was therefore altogether so much 
regarded as the key of the whole City, that Hie Romans, 
after obtaining possession of tins place, never suffered 
a Syracusan to inhabit it. Ret ween the first and second 
sieges, Diony sius the Elder built a dam from the main- 
shore to the Island across the inner entrance of the little 
harbour, by which it had communicated with the great 
port .; while the'passage from the sea was closed hy-a 
wall or pier, with gates which admitted only a single 
vessel at a time. The little port, which was capable 
of containing sixty of the largest War-galleys, was thus, 
in fact, completely embraced within the fortifications. 
The entrance of the great port from the sea w as likewise, 
at a later period, defended as well by a strong, fort (/) 
on the Southern main-land promontory of Pletmnyrium, 
as by thai end of the Island; while the castle of Olym- 
pinmm (g) at the bottom of the hay further commanded 
its iuierior shore. The main-land City of Syracuse itself" 
was composed of four distinct quarters, each fortified . 
separately, while the whole was enclosed by a common 
envelope of lofty walls and towers: Achrndinn (5) 
facing the sea to the East, and forming the whole 
lower breadth of the City; Neapolis (c) and Typhe (d) 
adjoining it, and presenting their exterior walls to the 
“ great port” and the North respectively; nnd Epipotin 
(e) crowning the Westward heights. The security of 
the last quarter, which was, almost encircled by nature 
with a chain of crags and precipices towards (he country, 
had been strangely neglected; so that the Athenians, in 
(he first siege, were suffered to establish themselves in 
it: but it also was fortified by Dionysius with such 
strength as to cover, the lower quarters of the City, and 
to render the heights themselves, and the whole place,- 
impregnable from that side. 

Ancient After this brief and general explanation of the ancigpt 
rowtci, of at- manner of fortifying, it is necessary to offer a similar 
tack. illustration of the mode in which the attack of places 
was conducted. In the undent, as. in the modern 
.Science of Fortification, the system of attack was na¬ 
turally regulated according to the method and form of 
defence which it was requisite to overcome. In the 
absence of any sufficient means of forcing a passage 
through a solid rampart too lofty for escalade, the 
first expedient,.perhaps, which might.present Itself, 
to an' assailant would be, to commence a mound or 
bank of earth before the place, to increase and carry 
forward thfi moss until IttoUcbefl the unfits, and 
raised to the level of their summit, and" thus. to pour 
his whole force o/ 'nhmbers owr ths defence* upon the 

Diodorus Siculus, lib. xhr.«. 61—78. 


bepieged. Such, accordingly, we find was the earliest' Fortifie*. 
inode of attack which is recorded in the authentic History tlou. 
of Mankind; and such, indeed, continued to be one of **■"v'**’’ 
the common expedients of assault, even in the most 
scientific Ages of Classical Antiquity, A passage in 
Holy Writ seems clearly to point to the existence of this 
mode of attack, even as early as the Age of Moses, 
fifteen centuries .before Christ, where the 1 sraelites arc 
commanded, in besieging a city, to cut down such trees 
only as arc hot fruit-hearing, and to “ build bulwark* 
against the city'’ until it be subdued ;* but y.-t more 
expressly the denunciation against Sennacherib. King 
of Assyria, that he “ should not shoot an arrow into 
Jerusalem, rior come before, it with a shield, nor cast a 
bank against t7;”t proves that, at least seven hundred 
years before Christ, this was the ordinary process of a 
siege in the Countries of the East. 

At what period the' next contrivance which might , B >' h “t- 
occur to a besieger was invented—that of machines tor 
effecting an entrance into the place “by heating down a gi UI; i. L 
part of the walls, or the use by both parties of great 
engines for hurling masses of stone and other missiles 
upon their adversaries, it Is difficult to determine. 

'These inventions were probably not known in the Age 
df Homer, since no mention of them is made in the 
Iliad, where their use would naturally have found a 
place in the vivid picturing and minute description of 
the combats before the walls of Troy. But in Rawed 
History we find them numbered, within four hundred 
years after the era of the siege of TVoy, among the 
means provided for the defence of Jerusalem by King 
t T zziab, (about b. c. 800,) who ” made in Jerusalem 
engines invented by cunning men, to be on the towers 
and upon the bulwarks, to shoot arrows and great stones 
w.ttml.”! It is, however, probable that such engines 
were not then for the first time constructed; and wc 
may therefore refer their invention to an intermediate 
period between the collection of the Homeric Poems 
and the reign of TJzziah in Palestine, that is, about a 
thousand years before the Christian Era. 

After these references to tbe obscure practice of remote Process of 
Antiquity, we’ pass at once to the mature state of the B . n ancient 
Science of offensive and defensive Fortification, as ex- hU ‘ RC ‘ 
hibited in Grecian and Roman warfare. It would for 
exceed our limits, and otherwise, indeed, it would not 
answer any useful purpose, to mark with chronological 
precision the fluctuations of the Science during what are 
commonly understood a9 the Ages of civilized Antiquity, 
from about the great Persian Invasion of Greece to the 
fell of the Western Empire of Rome ; and, therefore, in 
briefly describing the process of an ancient siege, we shall 
refer less to examples of any particular epoch, than.tc 
the general perfection whidh waft attained in the whole 
period. Iii commencing a forinal Siege on a great Lines of rip. 
scale, the first operation df the assailants,, or mode of ' ura ' ft11 . 1 ' 
investing ft tity. Wus to draw round it a doable line of ^“travuUi- 
earthen intrenchments or ramparts: the one facing the tlou. 
country, (bn other (lie {dace ; and the intermediate space 
forming the camp, and containing the troops, the 


* Deuteronomy ch. at. vor. 20, 

t pJCingt, eh. as. ver 32s So also an expression iu Jeremiah 
identifies me souse of thu two passages above quoted; “ New y* 
down frees and east a mittml betbre Jerusalem.” <b. n. eft. 8. 

13 Chron. dh.xxvi.vci. 15. tVeWfiovu that ajiassogem Etefur , 
isbout jtfco hundred years later, contain* the earliest oppress meu.uiu 
tynimo of the battering rain, that ieany wh«« to bo KwfM* 
sttk, eh. iv. ver, J, 
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engines, and the whole materiel tit stores of the be¬ 
siegers. The object of the outer circuit, or line of cir- 
cumvallation, being to prevent the introduction of.sup¬ 
plies to the garrison, or the relief of ttie place by an 
artny from without; that of the inner, or line of coutru- 
vallation, to confine the besieged to their walls, and 
secure the camp from their sallies. Against a place of 
great strength, or whenever the design was rather to 
reduce the besieged to the necessity of surrendering by 
the slow operation of famine, than to carry their de¬ 
fences by rapid assault, both the lines of circumvallu- 
tion and contravallation were built with flanking towers 
at intervals, like regular defensive fortifications; and 
this laborious and tedious process of permanent block¬ 
ade was, in fact, only the partial or entire enclosure of 
the fortress besieged within a second of similar const ruc¬ 
tion. The distance of the circumvallation from the 
place was usually from nine hundred to one thousand 
yards; and both Greeks and Romans seem in nil cases 
to have given great care and solidity to the formation 
of their intrcuchmcnts. At about six hundred yards 
from the place, a numerous guard was usually placed 
to repel sallies and protect the progress of tire attack.* 

Covered by these supports, the assailants, if an active 
siege were intended, began to carry forward their various 
hoi ks and engines of offence towards tile walls. These 
were the mounds or aggeres already noticed ; covered 
lines or galleries of approach and communication, being 
either excavated trenches or, more commonly, blinds of 
carpentry, hides, &c. the r ine.<e of the Romans; sub¬ 
terranean passages or mines; balistic and battering 
engines, the principal of which we shall enumerate; 
and, lastly, movable towers and other covered buildings, 
composed of strong timber, hides, haircloth, &c., on 
rollers and wheels. On the exact uaturc and form of 
several of these processes and constructions, modern 
opinions are much divided; and the laborious zeal of 
commentators has vainly endeavoured to illustrate satisfac¬ 
torily descriptions of the ancient Writers, which, in the 
absence of plates, are neeessaiily ohscure and uncertain, 
and which very few sculptured trophies or other monu¬ 
ments have survived to explain. In the last Century, 
particularly, the conflicting" judgment of the military 
world was curiously excited in a controversy, which was 
first produced by the theory of the celebrated Chevalier 
de Folard. That enthusiastic soldier and devoted an¬ 
tiquary, with some Classical learning, and much pro¬ 
fessional knowledge, but with still more Imagination, 
endeavoured, in bis Commentary on Polybius, not only 
to demonstrate the superiority of the Ancients in the 
whole Art of War, but to depreciate the efforts of modern 
strategical Science into a mere imitation of their prin¬ 
ciples and practice. In his theory, therefore, the ope¬ 
rations of a modern siege seemed but the copy of the 
ancient attack: the balistic engines were disposed by 
his fancy, like batteries of cannon and mortars ; the 
vineee were the parallels and approaches of our iwxlern 
trenches; the aggeres. cavaliers or raised intrench- 
merits ; and the mines similar in construction and pur¬ 
pose, to the appalling expedients of these gunpowder 
Ages. 

The theory of Folard was assailed after his death by 


• Ca-siu always observed this precaution. See his declaration, 
especially at the siege of Uourget. lib. vii. “ Inititulu Cretan! dure 
Pttnper kgiones pro ratlrn excubuhant,’’ 


Guischardt,* a Dutch Officer of equal learning and 
cooler judgment, who exposed the extravagance of many 
of his conclusions, and established a superior reputation 
for accuracy and success as a commentator on the Mili¬ 
tary Art of the Ancients. In the degree in which he 
strained many passages from the Classical Authorities 
to the eslabllshinent of a favourite theory, no one, we 
believe, now doubts that Folard was wrong: but Guis- 
cbnrdt, it can as little be denied, was led, in the usual 
eagerness of refutation, to the opposite extreme of error; 
atnl, in the conduct of sieges, tit least, there are many 
more traces of coincidence between the ancient and 
modern practice, notwithstanding tins vast change 
effected by the discovery of gunpowder, than he has 
always chosen to admit. In both, the object tnay be 
considered generally as (he same, to effect a breach in 
the walls of the place; the aid of engines for the dis¬ 
charge of missiles was employed by the Ancients, like 
batteries of cannon and mortars in the modern parallels, 
to cover the progress of the attack, to ruin the defences, 
and to drive the garrison from the ramparts; and there 
Was a close similarity in the object of the vinerr, whether 
galleries or trenches, with that of tfic parallels and ap¬ 
proaches by the sap, in our times, .'flic inferiority of 
the ancient means of attack to those of defence, is tt 
far more remarkable distinction from the state of the 
modern Science, than is contained in any ditfcrence as 
to the mere order and design of the siege. 

The nature and object of the ancient aggeres, or of- A-jtjern 
fensive mound®, we have already sufficiently explained. 

They‘were composed of earth, stone®, timber, and all 
kinds of rubbish which could be collected ; uttd con¬ 
structed of immense mass and height with a labour ami 
celerity—by the Roman legionaries especially—of which 
modern troops would probably be found altogether in¬ 
capable, The anger, for example, raised by Ca*snr's 
army at the siege of Ilourges, was three hundred and 
thirty feet long or broad,t and eighty high ; ami lie tells 
us that this huge work, notwithstanding the severity of 
the cold ami perpetual rains, was completed, and ad¬ 
vanced almost to touch the ramparts of the place, in 
twenty-five days. On the agger, the movable towers 
and balistic engines were placed, to overlook the walls 
and cast missiles upon the defenders; and the whole 
front of it was frequently screened with a strong blind of 
carpentry, covered with hides, hurdles, Sc., to protect 
the assailants from the missiles of the garrison. At the 
siege of Jntapata by Vespasian, no loss than one hun¬ 
dred and sixty engines were ranged along tho agger; 
and several towers of carpentry were in the sequel also 
placed on it.J Finally, it should be observed that in 
sdrne cases more than one agger was raised against the 
walls: as at Marseilles, where C’lEsar’s troops attacked 
two of the fronts of the place.§ 

Of the rinetr, however composed, we may be con- rmetr. 
tented to assert, that they were certainly the works of 
communication and approach which the Ancients em¬ 
ployed in their sieges. The manner in which the term 
is used by the Latin Authors is often vague and indefi¬ 
nite ; nor shall we stop to weigh the opposite arguments 


* Mrmmrrt Mililairn tur ks Greet el sue kt Rom rum. 2 vols. 
in 1, 4ti>. La Huye, 1758. 

f In it* [ciraJlul front to tfic wall*, of course. Ve Iklh Cut/iro, 
Ub. vii. 

Josejilm*, lib. ii. c. 1% 13, 

Os hello Civili, Ub. ii. 
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Fortifica. in the antiquarian school# of Folard and Guischardt on 
tim>. their nature. There can be no doubt that they were 
frequently mere raised galleries of carpentry, hurdles, 
hides, Ac., as above noticed; and that they were some¬ 
times movable sheds on rollers and wheels. But it is 
equally undeniable from several passages, that they 
were at least sometimes, as Folard has asserted them to 
have been usually, excavations like the modern trenches. 
Thus, for an example of either kind, it may, in the first 
plaee, be noticed that at the siege of Echinus in Thessaly 
by the last Philip, where the attack was made against 
two towers and the wall between them, the besiegers 
erected a tower of timber, covered by hurdles, opposite 
to each of those of the town, arid of the same height; 
and between them was a connecting gallery similarly 
formed. From the camp to eacli tower was also a 
covered gallery ; and all these galleries served to con¬ 
ceal the communications of the besiegers. A battering 
ram was placed on the ground-floor of each tower, and 
three batteries of batiste were placed in frout of the 
gallery between them.* But, on the other hand, we 
learn "that, at the siege of Lilybteum, during the first 
Punic War, when the Unmans invested liolh sides of the 
town, they competed their two camps by an intreneh- 
incut;+ and we find that, at Dyrrnchiinn, Cicsar carried 
forward his approaches against Pompcy’s lines, by 
wotwhich unquestionably corresponded to the. modern 
trendies I or excavations for cover. That lines com¬ 
posed of the vinca were often drawn opposite to the 
walls, where aggeres were not used, something in the 
manner of modern parallels of trenches, to contain 
troops tor checking the sallies of the garrison, and 
covering the circuit of communication, seems also most 
probable, though there is no evidence that such was, as 
in modern Science, the established and regular princi¬ 
ple of‘attach : but whether by such tinea: or covered 
lines, aud approaches, are iq every ease to tie under¬ 
stood either raised galleries of timber, Ac., or sunken 
trenches of earth, is a mere idle quarrel of words. 

Mines. Though at what time mines were first applied to the 

attach and defence of fortresses is uncertain, there is 
evidence of their familiar use by the Ancients as early 
as the Ago of Herodotus; and in the more advanced 
state of the Military Art we find them employed almost 
invariably in sieges. In the memorable defence of the 
little city of Plalaui, in the Peloponnesian War, (». c. 
4:2!)—7,)—the first siege, as Mitford has observed, of 
which any connected detail remains in the annals of 
mankind,—Thucydides relates! the attempt of the gar¬ 
rison to undermine the agger of the besiegers ; and, on 
the other hand, the story in I.ivy,] of the mode, in which 
the Romans effected their entrance into Veiae, (about 
n. c. 393,) after a ten years’ siege, by the mine, is iu 
the memory of every schoolboy. The capture of Gar.a 
by Alexander may suffice tor a later example^ of the 
successful use oftne same process ; and, in a subsequent 
Age, the walls of Pal tea, in Cephalonia, and of Thebes, 
in 1’litliiotis, when besieged by the last Philip of Mace- 
don, were undermined to the extent of two hundred 
paces in length.** . 

* l’olyli. liti. ix. 

f Ihnt. lib. i. c. 3. 

f Inlra Aim meJiorn latitudine fottem (edit militibtu Msii 
jiittii. Or Br/ln Ciriti, lib. iii. 

» I,il». it. c. "f>. 

|! Lib. v. r. 1U —21. 

1! Quintus Curtins, lib. iv. 

e * Polybius, lib. v. c. 1 tl 9 


Nor were the preparations of the besieged, either to Fortifica- 
arrest the subterranean approaches of the assailants, or *«'“• 
to employ the same expedients against them, always v—" 
deferred to the hour of danger. Vitruvius* mentions c,,,mU ‘ r 
the construction at Apollotiia of something like a system 
of defensive, or countermines, curried out to the distance 
of a bow-shot from the walls, to discover the subter¬ 
raneous approaches of the besiegers. In these galleries 
were suspended brazen vases, which resounded at the 
blows of the enemy’s iron tools in their vicinity, and 
showed in what part their miners were at work. These 
contrivances thus answered the same purposes as we shall 
find the listening galleries of the Modems, and directed 
the engineer of the garrison where to drive out his gal¬ 
leries to meet the enemy, and destroy his workmen from 
above with caldrons of boiling water, pitch, &e. The 
introduction of torrents of water and barrels of burned 
feathers, and other suffocating mixtures, into the mines 
of an opponent, was also a common expedient of de¬ 
struction. Finally, it may be observed, that at Gamala 
in Judtpa, during the war of Vespasian agai list tile Jews, 

Josephnst appears, by iris narrative, to have prepared* 
while in tile service of his Countrymen, a regular system 
of countermines lor (lie defence of that fortress, which 
were used with considerable effect against the approaches 
of the Homans. 

The use of mines seems to have originated in the Objects and 
extreme difficulty and labour which were experienced by uses of bath, 
besiegers, cither in battering down the massive walls of 
a fortress, or in raising their aggeres lo a level with the 
towering batUemeilts. It was by stratagem that the 
assailants first hoped for success, therefore, when they 
frequently commenced tiieir subterraneous galleries at a 
prodigious distance in the country, and, passing under 
the foundations of the rampart, issued unexpectedly to 
the surlace in the heart of the place. But the besieged, 
as wc have seen, soon learned the art oflistcniug to the 
approach of the enemy’s miners, and of defeating his 
object. They closely watched the point at which lie 
was about to make his narrow issue, and anticipated Iris 
assault by throwing iu a' siiower of stones, or oilier 
missiles, and combustible preparations, which at once 
filled up his gallery, while it repulsed or suffocated his 
miners and troops. But mining was also more actively 
employed in the defence, and appears to have been ren¬ 
dered altogether available tea greater degree against the 
besiegers, than by them in assisting the progress of their 
attack. By driving out subterraneous gullcries or 
countermines from the walls, the garrison not only 
ascertained the direction in which the enemy’s miners 
were approaching, and intercepted their advance, but 
were enabled to diverge to those points above which the 
aggeres, battering rams, anil towers of the besiegers, were 
pluced, and to effect their destruction. Such was tiie 
twofold object in the example to which we have referred, 
of the system of countermines constructed in preparation 
for the defence of (Jumala by Josephus. When the 
garrison of a place attacked had driven their galleries 
under the besiegers’ works, they excavated large cham¬ 
bers supported by timbers, filled them with other com¬ 
bustible matter, and set the whole on fire. The effect 
of the coutingration, by causing the superincumbent mass 
of earth to fall iu, seldom failed both to sink the mov¬ 
able towers aud aggeres, and to consume all the com- 

* I.ih. x. c. 22. 

f He licit* M- Jib. iv. c. ). 
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FoHiflca* bustible material* of the various machines and construe- 
fio °- J tions of the assailants: while detachments of the gar- 
rison, in readiness for the event, sallied from the gates, 
and availed themselves of the confusion of the besiegers 
to assist and complete the work of destruction. But 
sometimes the design of both parlies was mutually 
anticipated and prevented by the meeting of their arti¬ 
ficers in thesemiotemftean labours; as happened at the 
siege of SyrinX, in Hyrcnnin, by Antiochns, where the 
opposing miners encountered each other under ground, 
and fought with great, fury.* 

Of tile engines and machines of attack and defence 
employed in the ancient sieges, the number and variety 
are too great for detailed description within our limits; 
and we have already made some mention of them under 
the head Ahtii-i-ery in our Misedlqncow Division: 
but it will answer every general purpose to mention in 
this place a few of those most important in their opera- 
, tion, and most common in their use. Nor, as wc have 
already hinted, in our ignorance of many particulars in 
their form and construction,can more be safely attempted 
in any modern Treatise, than to notice their purposes and' 
recorded effects. Of projectile engines, the principal 
Qiinpuftie were the oatapullee and balhlat :—terms which have 
and halista been confused in (he application, not less by the ancient 
Writers themselves than their modem commcntators.t 
Upon the whole, it is most probable that the two words 
were applied with little fastidiousness, and almost in¬ 
differently, for the projectile engines of either kind. But, 
in any case, the question of names is of little moment; 
since it is certain that, of the two engines, one was used 
for the projection hpth of large stones or masses of 
work, and of darts or even sharpened beams, and the 
other of the latter missiles only. The one, worked by ‘a 
cord, being composed in general of one or more wooden 
limbs, which on release flora tension struck with prodi¬ 
gious violence against a capsill, und threw the projectile 
by the blow; the other, though often of immense size 
and power, acting upon the cdmtnon principle'of the 
arbalest or crosB-how. The twisted cords used in both 
i kinds of eftgine Were frequently composed both of the 

sinews of animals and of woman's hair; and this dry 


* Polybius, lib. ix. 

+ Volant, who baa devoted a chapter (veil. ii. p, 312—323.). to 
this subject, anil insists that the entnpwltu wag the machine for 
throwing stones, is probably, in the strict Acceptation, right. Km 
opinion is supnorteil in general by the text of Oa-sar, Vegetal*, Anil 
Amttiminis JMarcelliniu, ami by the fair inference of etymological 
derivation ; while the only great imciwit authority against him is 
Vitruvius, n.n authority still fur inferior to CiesAr. In the Cum- 
t/imtarirtfOe Hello Ctvifi, lib. ii. At the opening) it is said, that 
tlie Mamcillois shot upear-pointtsl beam* twelve f.-ut long from their 
largest ba/Uttr—inaximit batulia mini ; amt, further on, more ex- 
preality, that stones were thrown from the cdlegmltm.—-aaxti ex btiltv 
puMt tvleriimm dhcttterent. Vegetam (lib', hr c. 21.) distinguishes 
the bnlisla M throwing darts,, and the onager, m wiki Ass, (a name 
which appear* to have superseded that of .catupultn for the name 
engine,) As casting stones. Va/istd npimUa emit tit/ onnye.r dirigit 
fo poles. She Greek derivation of both it mis should seem to settle 
tfce. question. Batista, from. jucutor, certainly describe* the 

poiut-bla«fk *hot of the dart or jaculum i entnpui/n from «*«i, circb, 
et WAS m, v ibro, the swinging hurt of the stone. ‘ The former might' 
discharge If* missile through ah cndirasure, like the modern can¬ 
non; the flitter could be nsed Only with a vertical range over a 
parapet, like our mortars. Yet, on the other hand, Vitruvius (lib.x.) 

■ poijitodly reverses the terms of the two engines; arid it must tie 
cun fits eojithat Hirtius, the eontimiator of Cnawr, ( Oe fifth llispan.) 
distinctly calls an engine, which destroyed a tower by the discharge 
- of a mass of. rock, a hutitla. This, end'the vagiie disagreement of 
ancient Write**, may. beget a strong suspicion that the words were 
often usod indifferently for either prqjvetue engine. 


detail of mechanism will recall to the mind or the Cias- Fortifica- 
sical reader the interesting circumstance of the sacrifice tion, 
of their tresses, which the heroines of Carthage made to 
the public defence in the last struggle of their ill-fated 
Conimonwcalh. Some of the engines invented by Archi¬ 
medes for the defence of Syracuse, which deserve notice 
in this place, varied from these ordinary projectile ma¬ 
chines, and consisted in revolving cranes placed on the 
walls, from whose projecting'arms heavy masses of stone 
and lead were let fall on the galleys of the enemy. 

Another contrivance of the same master-mind was to 
employ long levers, having at their outer extremities 
chains and grappling irons; which, being swung out, 
caught hold of the men, or even of tlie vessels themselves; 
and the latter being drawn partly out of the water by 
depressing the opposite end of the lever, were suddenly 
let fall, and either upset or sunk.* 

The enormous weight and effect Of the masses of Power uf 
rock thrown by the larger engines, and the immense thesu ma- 
number of these projectile machines which were em- c b* nes - 
ployed in sieges of importance, are features in the ancient 
attack and defence of places, to excite our surprise and 
curiosity’. Archimedes, if the relation of the siege of 
Syracuse may be credited, made them capable of throw¬ 
ing weights of ten talents, or eight hundred pounds, f 
At Ategua,} a shot from a balista used by Caesar’s 
troops, threw down a tower, with five of the garrison 
and u boy, or slave, who served as a sentinel to give 
notice of the distending of the machine. Josephus 
makes repeated mention of a similar power of. destruc¬ 
tion in the larger engines which were employed in Ves¬ 
pasian’s sieges in Jiulaia. At tlie siege of Cremona^ 
the garrison from their ramparts upset a machine itself 
upon the assailants below: it crushed every thing be¬ 
neath it by its-vast weight aUd size, but dragged a part 
of the wall after it in its fall, and formed a breach for 
the besiegers. The confined range, however. Of these 
mighty projectile engines, when placed in competition ■ 
with that of our ordnance, will be heard with a smile by 
the modern artillerist. Tlie largest used by Titus before 
Jerusalem could cast a mass of rock only two stadia, or 
about two hundred yards: || though Alhenseus speaks 
of smaller ones which would carry an arrow half a mile. 

Of the immense number of these engines which were j inmpnsa 
provided in every strong place, there are perpetual u ' umtjl .‘ r 
proofs. At Marseilles, Ciesar speaks of the tanta mnl- vac J. 
titvdo tormenlornm, with which <bc arsenal of that city 
was stored. At the siege of Jotapata, Vespasian had 
an artillery of one hundred and sixty engines ;^T at that ’ 
of Jerusalem, Titus employed three hundred balisUs 
and forty ca/ajiullep, the smailest,of which could throw a 
stone of eighty pounds.** ■ When Spipio captured Now 
Carthage,ft he found in the place one hundred and twenty 
cntaptUa of the largest size, and two hundred and 
cighty-on.: lesser; twenty-three great balislee, and fifty- 
*. two smnliand an immense quantity of scorpions, or 
simple crosi.-how engines, for tlie discharge of arrows: 
and when the Carthaginians before, the last Punic War 
surrendered their arms to the mercy of the Homans, i * 
abpve two 'thousand. engines of all kinds for casting' 

■* Polybius, lib. vili. 

! Ideal, ibid, ■ , ..... 

Of. Bella tU*p. 

Taciius, llitt. lib. tit. 

Josephus, lib,, v.'e. 18.' •., 

' Idem, lib. i'il.-c. 7. , , 

** Jtlt'fh, lib. i, c, G. 
ff Livy, lib. xXvLc. 43t, 
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stones and darts, were delivered op f^ow (he arsenals of 
the city. 

The common purpose of all these engines in attack 
was to destroy the tops of the parapets, to kill and 
wound the men behind them, and generally to ruin the 
defences of the placo, and by rendering them untenable 
to drive from the ramparts the troops of the garrison, 
whose missiles would otherwise annoy the workmen, 
and impede the progress of the approaches. To form 
a breach in the body of the rampart, through which the 
assailants might enter by storm, was left to the operation 
of another well-known engine of prodigious powerthe 
aries, or battering-ram. This was a huge beam, pointed 
horizontally, with a head .of brass or iron: sometimes 
shaped like that of the animal from whose manner of 
striking it derived its name. Iu tbd rudest form of the 
invention,* it was probably only a transverse beam, 
balanced from a mast which was set up before the ram¬ 
parts, and swung against them with its point forward 
by a number of men, until its repeated blows shook and 
brought down the wall. But, at least as early as the 
Age immediately preceding that of Alexander,t con¬ 
trivances were adopted for enclosing the.rain in a mov- 
nble shed, and thus advancing it to the walls under 
cover. The whole engine so composed acquired the 
name of the ram-torlvise, which Vegetius derives from 
its resemblance. “ to a tortoise with its head poked out 
of its shell.” The shed was usually constructed, like all 
the. movable galleries and towers of attack, of timber 
covered with the hides of bullocks and other animals: 
it moved upou wheels or trucks, • and had often upper 
stories for missile machines. In this shed, the ram itself 
was sometimes worked to and fro, upon a number of trucks 
in a groove, to give its hlows; but it was more frequently 
suspended by ropes or chains from the roof, and its head 
thus violently .swung against the wall with repented 
concussions, until it beat down the mass of the rampart. 

Of the great movable towers, or helepole*, in com¬ 
mon use at sieges from the Age of Alexander, the 
accounts transmitted to us are, unlike those of many • 
other machines, perfectly intelligible. But the stupen¬ 
dous height which was given to them, the immense • 
lubour and quantity of materials required for their con¬ 
struction, and the difficulty of moving forward such 
towering ami unwieldy masses, are among the most ex¬ 
traordinary circumstances of ancient warfare, and would 
be absolutely incredible, if their constant use arid pro¬ 
portions were not too well authenticated for doubt. They 
were generally of ten stories or more, and above a 
hundred feet nigh; and Vitruvius,} on the authority of 
Diadcs, a famous engineer in Alexander's wars, recom¬ 
mends that the breadth of their base should be from 
seventeen to twenty-three cubits, and their height from 
sixty to one hundred and twenty cubits, and that every . 
tower should be gradually narrowed at the top to four- 
fifths of its base. The hdepolit moved upon four, six, 
or eight broud oaken trucks, and it was composed of 
timber,§ covered with raw hides, as we have.already ob¬ 
served, to protect it from fire. The uses of those towers 
. . ■ .— - ... - »■ —— - — 

'* Vitruvius, lib.x,c. 19, 

f /Jem. 

t. Ubi tupr&. ' 

t .Cawsr'i tower of brick at the stage of Marseilles » a famous 
example of fcaolber kind, But though constructed under the range 
of the .miseilM of the gsmeoi^.it was rather a lofty redoubt for 
defence against Millies $su ».tower 1 of attack, and was, of course, 
not movable. ' 


were obvious: whether'placed on the natural plain or on 
the agger, to gain the advantage of height, Ld over 
took the walls; to drive the enemy from their deduces 
by showers of missiles from the machines ip the different W ’^ 
stages and on the summit; and, finally, when the tower 
had been rolled close to the rampart, either to enable 
the ram to work against it from live lowest floor, or to 
afford a passage for the assailants to the wall from the 
top, by means of a drawbridge, prepared for that pur¬ 
pose, and let down upon the battlements of the place. 

Of l)ie smaller movable sheds of attack, since they Various 
were constructed much on the saute principle, we have smaller 
neither space nor occasion to give any lengthened dc- en iJ i «°e* 
scription. Such were the ylultua, the mmculns, the 
lestudo of approach, all covered buildings of carpentry, 
hides, hurdles, &c. pushed forward on trucks, for level¬ 
ling the ground in front of the heavier kdcpole* and 
ram-tortoises, for covering the various works of approach, 
for filling up the moat of the place, and for undermining 
the walls. Neither is it uecessury to load our pages 
with an account of the various machines for escalade, 
cranes for raising the assailants to the battlements, 
(especially from the galleys in maritime sieges,) and the 
thousand other expedients which the martial ingenuity 
of the Aucients dictated under as many varying circum¬ 
stances ; and which are to be found in all the old pro¬ 
fessional Treatises. 

From the particulars into which we have already General 
entered respecting the machines and constructions cm- CuUrs « of 
ployed in the Grecian and Roman practice, the general at,ac ' c > 
reader will already have acquired a sufficient insight into 
the scientific process of an ancient siege. lie will have 
observed thut the primary object of the besieger was to 
approach the walls of the placo under cover, and with 
the least possible sacrifice of life to his troops. With 
this view were employed either: 1st, subterranean gal¬ 
leries to arrive at the foundations of the ramparts ; 2dly, 
covered galleries mul communications of approach, such 
as vinctv whether raised blinds or trenches, and mov¬ 
able sheds, and towers ; 3dly, aggeres, or mounds rising 
to the height of the battlements, and pushed to the edge 
of the ditch, or even filling it; ltliiy, missile engines of 
all kinds to ruin the defences, to overpower the discharges 
of the garrison, and to drive them from the ramparts. 

This primary object of touching the walls having been 
effected, the ultimate process was cither to bring down 
the rampart, and form a breach for passing into the 
place, by the mine or by tho strokes of the battering ram; 
or else to pass over it by drawbridges from the htlepolet 
and aggtres, and pour columns of troops into the place. 

On the other hand, it was the object of the besieged and of 
to impede the progress of thu enemy by destroying defence, 
or rendering useless their works, and overpowering 
their workmen with missiles. For this end, they em¬ 
ployed thu greatest possible number of projectile erginea 
on their towers and walls, and kept up an incessant 
discharge upon the approaches; they hurled down- 
all kinds of heavy masses from the waits to crush 
the ahoils of the assailants below; they attempted fre¬ 
quent sallies to fire the towers, sheds, vinea, engines, 
and aggerei, for which the combustible nature of tho 
timber and faggots, and other materials which were! 
necessarily used, both in the wooden buildings and ac¬ 
cumulated mounds of the besiegers, gave great facility; 
and the labourof weeks and mouths was thu* frequently 
destroyed in as many hours. On their walls, the gar¬ 
rison protected themselves from the missiles ot the 
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Fnrtifteti- assailant, by the same contrivances of wooden blinds, 
turn. hurdles, hides, &c., which he used. To the successful 
employment of countermines for sinking aggeros and 
overturning the hitepoles we have already adverted: but 
there were sometimes even simpler modes of arresting 
the approach of those unwieldy masses of timber, of 
which a single example, related by Vitruvius,* may 
suffice. At the siege of Rhodes, Demetrius, one of the 
most able of the martial successors of Alexander, who 
had acquired the surname of l’oliorectes, (besieger of 
cities,) from the number and success of his enterprises, 
constructed an enormous hchpolin, one hundred and 
twenty-five feet high and sixty broad, and so secured 
with "hair-cloth and raw hides, that it could stand the 
blow of a stone weighing three hundred and sixty 
pounds fioin an engine, aiul was probably indestructible 
by fire. This huge tower itself is said to have weighed 
tliice hundred and sixty thousand pounds; and its ap¬ 
proach threatened imminent peril to the besieged. Yet 
merely by inundating in the night the soil over which it 
was to pass with quantities of water, nun!, and filth, the 
citizens produced such a quagmire, that the dreaded 
machine stuck fast and sank bv its own weight, so thut 
it could be moved neither forward nor back waul; and De¬ 
metrius was compelled there to abandon it, and to raise 
the siege ! The most formidable engine, when its advance 
to the walls was mice effected, seems to have been the 


and children. In our ordinary modern warfare, in which-a Fortifies- 
garrison may safely resist behind their last intrenchinent tiou. 
vvitli the eertain'powcr of an honourable capitulation, it ' 

is impossible for us to conceive the agony of patriotism 
and despemfiou, by which the defenders of an ancient 
city were wrought to superhuman endurance. The 
whole siege was in truth a death-struggle of ferocity and 
terror, not a mere effort of martial emulation. Even 
the horrors of a modern assault in their rare and un¬ 
mitigated excess, fall more cruelly upon the often neutral 
and passive inhabitants of u city than upon the troops of 
the garrison, to whom quarter is seldom denied. The 
modern soldier resists or surrenders, with equal indif¬ 
ference to the lot of a population to whom lie is bound 
by no ties of affection : but the ancient, warrior beheld 
all that was dearer Ilian life involved in his own ruin ; 
and in anticipation of the sanguinary and brutal triumph 
of the victor, might well shudder, not at the death which 
lie probably welcomed, but for the. slaughter, the viola¬ 
tion, and file servitude, which his own fall would pre 
pare for his miserable kindred. 

CHAPTER IT. * 

Fortifications of the Middle. Ages. 


ram : yet the besieged were not without the expedient of 
strengthening their rampart against its shocks, to an im¬ 
mense mass and thickness at the points most exposed to 
utinck ; and sometimes mattresses of wool and hair cloths 
were hung over the walls to deaden the blows of this bat¬ 
tering machine. Another frequent contrivance was to 
noose the rain by a chain or cord dropped from a crane 
upon the rampart, and by this means to raise the head 
of the beam in the air, while tire, the great auxiliary 
of the defence, was showered iu every form upon the 
tower or shed. 

Superiority Altogether, therefore, as will be concluded, the Art of 
eLut Art of ^‘ !,unce * n Ancient Fortification had an infinite advan- 
Detlnce to tngc over that of Attack; and it was only by immense 
that of At- numerical superiority and mechanical means, by tin-* 
tack. wearied labour, ami indefatigable patience and activity, 
that the. assailant, advancing on his feeble lines and 
heads of attack, could approach the defences, and effect 
a passage through the ramparts of a well-fortified place. 
For once in the History of mankind the Art of fortifying 
had nearly perfected its professed object; and apart from 
the ravages of famine and pestilence, ami the bane of 
domestic treason and dissension, every strong place, if 
well-garrisoned, and defended with as much skill and 
courage as it was assailed, may almost be pronounced 
Aided by to have been impregnable. Tv’or were there wanting, in 
ofttnilSi** k’ roc ' ous principles of ancient warfare, strong motives ' 
sieged. * of human passion to increase the moral energies of a 
besieged population. While, from behind their lofty and 
solid ramparts, with plenteous stores of provision aud a 
well-filled arsenal, a brave and united people might 
securely defy the assaults of 'a besieger, tiie dreadful 
,, consequences of surrenderor defeat were far more up-, 
palling than the ordinary privations of a siege. For the 
best fate they might expect from the mercy of the con- 
(luaJwes of queror was slavery in its bitterest forms: the sure coiw' 
d° r requences of capture by assault were death by the sword 
, a w ’ fo themselves, and worse than that death to their women 

* Lib.x. c. 22. 


We have abundant evidence from the Histories of flip Lung ron- 
Sieges which have taken place in Europe and Asia, that t' 1 "" 1 "™ l,f 
(lie nature of the military engines used in the attack ami ]- L ' nt 
defence of fortresses underwent nomuteiial change, fioin 
the days of Ftesur till the discovery of gunpowder; aud 
it is known that the ancient hat Liter, catapulted, &c. con¬ 
tinued to be employed in conjunction with cannon for a 
considerable time after the latter were mounted on ram¬ 
parts or brought into the field. We may, therefore, 
reasonably conclude that, during all this long peiiod, 
the manner of fortifying towns aud military positions re¬ 
mained the same us that described in the Works of Vitru¬ 
vius, who is believed to have lived in the time either of 
Augustus or of Vespasian : hut the employment of the 
modern artillery, small indeed at first, and far less im¬ 
portant in its effects than that which is used at 'the pre¬ 
sent day,'at length rendered it necessary to exchange the 
lolly stone walls of the Ancients for ramparts of earth, 
which were soon found more efficacious in resisting the 
shock of this powerful arm. 

It may, at first bight, seem remarkable that such Earthen 
ramparts were not frequently constructed even while oimpaiU, 
the ancient engines were in use: since it is evident 
that the material which is best capable of resisting the pVoycvl. 
momentum of an iron bail, must also have been best 
capable of resisting that of a battering-ram ; and it would 
seem to have been impossible, supposing the parapet 
formed as at present, with its exterior face at an angle 
of forty-five degrees with the horizon, to bring such 
machines as tile hchrpohs near enough to permit the 
assailants to pass into the fortress by a bridge, thrown 
upon the parapet from the top of Ibe machine. Rum- 
. part« constructed merely of earth ere certainly men- 
. Honed by the Ancient Writers as the fortifications of 
(owns and military posts: but, except where they served 
j.aa lines to protect a country from the-inroads of Barba- 
•' rlaiiB,—like the walls of Hadrian and Antoninus in 
Britain, and the chain of redoubts constructed along the 
Illyrian frontier in the latter Ages of the Roman Em¬ 
pire,—-such appear to have existed only among rude 
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Fortifies* nations and In situations of small importance. That 
tion. elevations of earth were sometimes formed for the pro- 
v— tection of the ordinary brick or stone ramparts is, how- 
ever, rendered probable by the fact, that there remained, 
in the XVIth Century, in the ditches of some ancient 
fortresses, a bank of earth parallel to the sides of the 
fosse, but separated from both, and covering the inner 
wall of the excavation as far up as about three-quarters 
of its height. It is asserted by Maggi,* that such banks 
in his time existed in front of the old circuit of wall at 
• Calais, and at another place in Flanders; and be adds, 

that at Pisa, banks of the same nature were placed close 
against the walls of the curtains for the purpose, he 
supposes, of resisting the engines brought against them 
by the besiegers. 

Facilities But in ancient warfare the practice of engaging in 
afforded by com bat hand to hand was so general, and personal 
such works p rowes9 on( j self-devotion were held iu such estimation, 
o esca .vi e. „[ lea an attach by storm was possible?, it was 
always preferred to a slower but more secure process: 
the sacrifice of life entailed by an open assault being 
then less regarded, than that of the time which would 
be jueurreil by firming a regular siege. It being such 
assaults, therefore, that the defenders would chiefly ap¬ 
prehend, it may be conceived that, ramparts similar to 
those of modern construct ion would be thought to oiler 
too many facilities to an escalade; and this, together 
with the opinion that they would be more easily under¬ 
mined, mayaccmmt for the preference given to ramparts 
of stone or brick. While, therefore, the penetration of 
the rampart at ita foot was to be feared, thick stone 
walls remained necessary: in order that a sufficient 
resistance might be opposed to the. enemy’s miners. 
And, while the walls were liable to be passed by esca¬ 
lade. it was essential that they should lie lofty, iu order 
to augment the dilficully of the assault. In fact, the 
heights of the walls and of the opposing turrets of the. 
besiegers seem, in emulation of each other,'to have 
gone on increasing during all the lime that the old 
system of attack and defence continued: but a great 
thickness of wall was only required near the fool; and 
this was accomplished by raising a mass of earth there, 
either on the interior or exterior. I n the parts of the 
wall above the. place where the ram might come in con¬ 
tact with it, it was sufficient to have the thickness ade¬ 
quate to resist the stones or other missiles thrown from 
the machines: consequently, the loop-holed galleries 
therein made, to serve for communications and as sta¬ 
tions for the archers, became admissible, and did not 
diminish too much the strength of the rampart. 

I',cut’s of To mention only a few circumstances in support of 

tliiMiiiv.nied wh.it has been asserted concerning the unvaried eharac- 
rhni.u-tci »f ter of the Art of Fortification during the period ubbve- 
ForiUica'.’ mentioned, we may observe that, in the lid Century of 
u.m in the our Era, the City of Byzantium, which was then eonsi- 
Cluv-icnl dered impregnable, and which, during three years, 
ami Middle resisted all. the power of Sevcrus, and all the means 
J h' ,,s - employed in the ancient mode of. attack, was fortified, 
os were oil other Cities of the preceding Ages, with walls 
a. n, and towers of masonry.f hi the same style also, after 
323. their subsequent destruction, those walls were rebuilt; and 
when besieged by Constantine, the attack and defence 
are described as being conducted In the accustomed 
manucr. The assailants raised an agger or mound, of 


* Dtl/a Forlificali/mo rteUc Cilia , tib. ii. c. 21. 
f l)ioa Cassius, fib. Ixxr, 

V01<. VI. * 


equal height with the walls of the place; surmounted FoHlCcv 
this huge elevation with lofty htlepole* and projectile tion. 

engines; and finally breached the walls by the ram.* v-w 

So also, when the City became the seat of the Eastern 
Empire, the new fortifications were of the same kind 
as the former: the extent of the walls and the number 
only of towers being augmented.! of i] le latter, it is 
said, that, in the reign of Theodosius, fifty-eight were 
overthrown by an earthquake, and subsequently re¬ 
stored. I 

We may collect from the Works of Procopius % that Evidence of 
tile military architecture of the YIth Century dilfm-il iu frucupiu*, 
no respect from that of preceding Ages: for, in de¬ 
scribing the fortifications constructed about Darn in 
Mesopotamia, during the reign of-Justinian, that Writer 
states that the City was surrounded, at the distance of 
fifty paces from each other, by two walls, which were 
strengthened by towers : that the inner wall was sixty 
feet high, and the towers one hundred feet; and that 
besides the platforms at the top of the walls anti towers, 
on which the defenders were to be stationed, there were 
galleries funned iu the thickness of the fiirmor. lie 
observes that the exterior wall was less lofty ; and that 
against the back of the towers were raised large eleva¬ 
tions of earth to serve as places of arms lor the defeuders 
at the time of an assault. The whole was surrounded 
by a double ditch; and the entrance was protected by 
an outwork of a semicircular form.j| 

If \ve pass over the dark interval between the lXth State of the 
and Xllth Centuries, we shall find that, at the latter ^,0 {xth^** 
epoch, the fortifications of Cities had been maintained in un(1 xllth 
all their former strength ; but that no improvement had Centuries, 
been made in the uature or dispositions of the works, 
nor in the modes of attack mid defence. Oil the con¬ 
trary, it may be gathered, from the relation of the sieges 
undertaken in the First Crusade, that the state of martial 
Science, in this as iu all its other brandies, bail retro¬ 
graded since the Ages of Classical Antiquity. Thus, s'nges in 
as we have seen, in another portion of^our VVoiU,H die 1st Cni- 
Nice, when invested by the Crusaders, was surrounded s a»le. 
by double walls of stupendous height and thickness, A - D - 
provided with a deep ditch, and flanked at intervals by 1097. 
no fewer than 370 towers. The attack of the City was 
carried on by means of lofty wooden towers, the helt- 
polcs of the Ancients, now termed brlfredi, or bdj’roh;** 
by coveted galleries ami movable sheds, the -phiteu 
musculits, &c. of old, now called ’indifferently foxes and 
eals, or chtil-ekakUs when surmounted by a tower ; by 
battering rams contained within all these structures; 
and, lastly, by all the bulistie engines of earlier Ages. 

But the whole of the towers and galleries of attack were 
burned by the. Greek fire of the besieged ; and it was 
not until after mu eh mismanagement and loss, that the 
Crusaders, by the aid of an Italian engineer, succeeded 
in attaching a chat ■chateil to the walls of the City. Fnun 
* that machine, undermining the foundations of a lower, 
which had been injured in a former siege and leaned 
forward from its base, while they supported the super¬ 
incumbent mass on strong wooden props, they finally, by 
. firiug these timbers, brought down the whole structure 


* Zosinms, Kb. ii, p. 97,98. . 
f Codinus, Anhi/uilulci Comlanl. p. 12. 
t Qu Cange, Constant. Jib. i. c. It), 11. 

} Dc Ethf/viis, lib. ii. iii. 

Procopius, De HJifiiiis, lib. ii. c. 1—3. ftc. 

|1 Viile Our Ilislortraf Division, eb. Ixxii. p. 599 
** Pu Cange, r. hc/Jicdus. 
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Fortific.v at “ single crash,and displayed a yawning breach. Two 
tiuii. years afterwards, Jerusalem was besieged and defended 
'-'■v - **-' in a similar manner : after the destruction of Various 
a. n. other engines of assault by fire, the besiegers oould ad- 
1009. vance only one movable tower to the walls at a point 
at which the fortifications were low aud the ditch deep. 
The latter was filled up; a barbacan or outwork was 
beaten down; the tower was rolled up to the inner wall; 
its drawbridge was letdown upon the rampart; and the 
. troops rushing over th'e battlements obtained possession - 

of the City.* 

Kxamples The Histories of the wars in Italy, and particularly 
°j the .T' the relations which have been transmitted to us of the 
sUtflVtho s i e Sf es of Como, Tortoua, ami Cremona, show that the 
Art in the towns in that part of Europe, during the Xllth anil 
Italian wsits XIIItlv Centuries, were fortified and attacked in the 
“fthi’XIPlj aru .j 0 „| manner. The first of these places seems, to 
Centuries have been strengthened by castles in the nature of ad¬ 
vanced works: for the M ilutiese, wlto besieged it, are 
. baid to have, passed them without attack ; and encamp¬ 
ing under the walls of the city, they caused to lie erected 
four great towers covered with hides, which were wheeled 
up to the walls. From these the cross-bow men, sta¬ 
tioned on their tops, annoyed the defenders ; and be¬ 
tween them were placed wit at arc called galli, or cats : a 
sort of battering ram having at the end an iron hook to 
tear out the stones which.were loosened by the shock. 
Bali sift: also wefe used tor throwing pieces of rock 
• against the walls.t In a manner precisely similar wore 
the two other places above mentioned attacked by Fro* 
deric Unrbarossa; nor do we find any other difference, 
except inch as arose from local circumstances, in (he 
Ami in the nature of tile attack on Constantinople when it was taken 
si.g.i «f by the Latins in the IVih Crusade. It is stated that the 
l.imstaiiti- [ fnvcis 0 f the,City on the laud side were raised above 
their ordinary height by several stages of wooden tur- 
I ats, in order to command the machines of the enemy; 

and that the Venetians having disposed their fleet along 
the wall, on ttye side next to the port, swept that wall 


single or even doable circuit of wells. The rural fort- Fortifies* 
resses which, as we are informed by Procopius, were tion * 
plentifully provided in the frontier Provinces of the East¬ 
ern Empire under the reign of Justinian, afford an earlier 
example of the same kind of works: sinoe they consisted 
of a stone or brick tower, in the midst of an area sur¬ 
rounded by a wall and ditch, to which the neighbouring 
peasantry might retire with their cattle, for protection 
against the inroads of the Barbarians. But the castles 
of the Feudal Nobility throughout the Dark Ages were 
continually enlarged in extent and increased in strength, 
until they were made capable of containing powerful 
garrisons, and rendered almost impregnable.against-the 
ordinary inodes of assault. 

Although the liccuxeof private war was more severely Description 
restrained in England than in the Continental States of of a Feudal 
Europe, a very complete idea may be formed, of the Cast to. 
castles erected by the Feudal Nobility from the existing re¬ 
mains of such structures in our own Country. These show 
that the. residence of the proprietor was a large building, 
generally rectangular, of great height, and strengthened 
at the angles by turrets, in one or more, of which were 
the winding steps leading to the several floors, of which 
there were sometimes four or five, and UAthc upper plat¬ 
form of the edifice. Underneath were dungeons in which 
the captives taken in the field, and' often the victims of 
lawless power, were confined ; and frequently subter¬ 
ranean galleries, commencing under this building, were 
carried far beyond the outer walls, to facilitate escape in 
the event of the castle being taken. Near this edifice were 
commonly situated the chapel, stables, and the domestic 
offices; the whole were surrounded by embattled walls 
which were sometimes double ; and the name of the 
inner and outer ballium was given to the areas which 
those \yalls respectively enclosed. The periphery of the 
walls was generally irregular anil adapted to the liuturc 
of the ground; at intervals were placed towers of a 
square or circular form as in other ancient fortifications; 
and these, though used for the purposes of defence. 


with arrows. and stones discharged by men stationed 
on the masts of the ships. This division of the army 
on landing is said to have taken as many as twenty- 
five towers 'a proof of their vicinity to each other, 
and that they did not exceed the usual size of such 
works, 

Influence of The rise ofthe Feudal System, however, during the Dark 
(lie Feudal Ages had produced a description of fortress in the West- 
apon tho crn Kingdoms of Europe, which, while constructed with 
construction embattled Wajlsand towers according to Ihfe ancient system, 
urioitressej. exhibited several new and peculiar features. These were 
suggested by the nature of the site, and the purposes which 
distinguished such strong-holds from large anil populous 
cities. The anarchical state of Society, and the frequency 
of private wars among the Feudal Nobility, bestowed a 
license and imposed a necessity upon every Chieftain to 
fortify his house. While the dwelling itself of the lord, 
and his family was strongly constructed in the form of 
a tower, uiid rendered capable of defence by a small body 
of domestic retainers, against any sudden attack, a larger 
space, sufficient for the refuge of his numerous .vassals 
with their effects, nndforjhe endurance of a regular siege, 
was obtained by surrounding die main building with a 

■ * ’ ' ■ ,fi . 

• * Vide onr ffittfricai Division, ch. Ixxif. p. 610. 

f, JPe Balio Q>mtnti, opud Mumtori Script. flat. vol. v. p. 452, 
Sc. .- 

' t VitleharilOuin, c. 9X pt 25. 1 


served also as magazines, or dwelling-houses for the 
principal officers belonging to the castle. 

When the walls crowned the summit, of a rock, no 
ditch was necessary, but when the surrounding ground 
permitted the works to be -accessible, the whole was 
surrounded by a broad and deep fosse. The grand 
entrance was flanked by embattled towers, closed by 
massive gules, and protected by machicolations and a 
portcullis or close grating of iron, which was drawn up 
■ and let down by grooves prepared in the sfone work. 
The ditch was crossed by a drawbridge, which, in time 
of danger, was raised, to prevent any one from entering 
within the walls ; and the bridge was frequently covered 
by an exterior work, called a barbacan. consisting gene* 

; rally of a stone wall built in the form, of a portion of 
a circle, or polygon, strengthened at intervals by towers 
■rand protected by its own ditch aud drawbridge. Within 
the outer wall there has been frequently observed a: 
mound of earth, and Ibis is supposed to have been a sort- 
of cavalier (as such raised batteries are called in modern 
fortification), on which engines were placed to oppose 
those of the enemy. The central building generally 
served as a keep, or citadel, which might hold out for 
some time after the walls of the castle were taken; but 
when some great elevation of the ground rendered the 
spot difficult .of access, the keep whs. formed on the pe¬ 
riphery of the. inner or outer wall. The ascent to 
it from tho ballium was by narrow steps; and' deeo 
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Foriificii- wells were dug within to supply the garrison with 
tion. water.* 

"■v—In the siege of such fortresses, since the range of the 
Modi'of war iike machines then in use was not great, the assail- 
Kui-h fort- anls sometimes ^ e K an their operations with the attack 
rosso#. of the outer wall, which frequently consisted only of a 
row of strong palisades, and was then denominated the 
lifts. Many fealB of Chivalry were here performed by 
the Knights and men at arms, who considered the assault 
of that work as particularly belonging to them ; the 
weight oftheir armour preventing them from scaling the 
walls. The'besiegers having carried the lists, brought 
up their machines, and established themselves on the 
outer edge of the ditch, which, under cover oftheir tor¬ 
toises, they began to fill with fascines or laggofs: over 
this surface were impelled the movable towers, from 
which the cross-bowmen annoyed the defenders; darts 
and stones were thrown from the engines; and the walls 
were either battered by the ram or mulcriniued. The 
smallness of the range of missiles from the ancient en¬ 
gines rendered it no disadvantage to the works to be 
commanded at the distance of tour or live hundred 
yards ; and such was actually the case with the Castle of 
Dover, which vfus once considered os the key of tile 
Kingdom.t Fortifications of the kind which we have 
been describing yet remain in different parts of the Con¬ 
tinent of Europe, situated on rugged and often inac¬ 
cessible rocks, showing their ruined battlements and 
towers from a great distance; and recalling to the mind 
of the traveller those tales of chivalric exploits, of which 
tlic relation has so often charmed his youth, 
invention It must have been in the wars which devastated the 
of gunpuw- North of Italy ill the beginning of the XI Vth Century, 
l,l ' r ’ and probably between the death of the Emperor 

Henry VII. and the election of Louis of Havana, tlmt 
the invention of gunpowder, which was subsequently to 
produce so great a change in military operations, took 
place. But whatever may be the precise date of its 
discovery, it appears to have been first used in the field 
by the Venetians, in a. n. 1330. Before the Xlth 
Century the Italians, from their frequent intestine wars, 
had made themselves skilful in the art of attacking and 
defending places; and Pisun and Genoese engineers 
seem to hnvo had the direction of nil the sieges carried • 
oh by the Crusaders against the cities of the East. YVe 
find.them also employed in the erection of fortresses in, 
Flanders so late as the time of Charles V. It is not, 
therefore, wonderful that a people thus exercised in 
muiliul science and practice should have been the first 
to adopt an invention, which promised to render victory 
an attendant on every movement of their ai-mies,* But 
slow pm- the discovery of gunpowder does not seem to have ’pro- 
chin-Mi < * ucvf * ilt once c bange that might have been expected 
wlm'hit 1 * 1C construction of fortresses; nor to have, given com- 
pnxluml plcle success on every occasion of its employment in the 
in Hip Sci- attack of those already existing. In fact, however, the 
t'i'ticiitioa ° r " ^ ret 8 ntls ' except in a few cases, were so little superior 
' t: ' Moa, iu effect to the rams and balistds of the Ancients, that 
the latter were long used in conjunction with them fur 
every military purpose to which either was, applicable. 
Example in The most remarkable instance of such an admixture 
the last occurs in that fatally memorable siege which, in X. u. 
rumtanti- ft' 8 *® die last City of the Romans to the power of 

nuple. 8 Turkish Sultau. The fortifications on the "land side 
*• »• 

1453. * Grose, mu. An*, wl. ti.p. 335,337, Ac. 

♦ Gnus, 


of Constantinople consisted of a double wall, with a 
ditch In front one hundred feet deep, and extending to 
the length of four miles. Against this wall and ii s 
towers, were raised fourteen batteries of gun-., among 
which were three pieces said to be capable of throwing 
stones weighing from six'hundred to twelve hundred 
pounds. But, with these, we read that there were engines 
for throwing darts, and rams’lor battering the walls: 
as if the effect produced by the guns was not mi(R- 
cicutly great; or us if the breaches which they made 
were too steep to be ascended. The ditch being at length 
filled, a movable turret was advanced ‘ on rollers up to 
the wall, where, however, it was destroyed by the fires 
of the besieged. Tiic guns of the Greeks are said to 
have been of small calibre, the weakness or want of 
breadth of the ramparts not permitting a heavy artillery 
to be used upon them.* 

This, however, is not the earliest instance in which 
the ancient and -modern artillery were combined •• for 
when, in a. d. 1383, the Bishop of Norwich besieged 
Ypres, the garrison is said, by YViilsingliam, to have 
defended itself so well with stones, arrows, lances, Greek 
fire, aud guns, that they obliged the English to raise 
the siege, and leave behind them all Ibeir artillery.t 


CHAPTER III. 

Rise of the Bastion System. . 

In almost every Science and Art the progress of im- The traa-i- 
provement has been so gradual, that the difference be- tion to ,i 
tween two consecutive states has, ior the most part, been ‘uuvsly'e «t 
too small, to admit precise observation of the epoch at • 

which any particular Improvement took place. It ought jHii-ccptiLI,- 
not, therefore, to be a matter of surprise that, in Milituiy 
History, no trace should be found of the transition from 
the ancient walls and towers, to that form and disposi¬ 
tion of the works which the use of artillery rendered 
necessary. But the absence of all notice-of any novelty 
in Fortification between tbe Greek or Homan style and 
tliat which is known to have been followed in the With 
Century, nmy, perhaps, be considered iii itself as a proof 
that the works of that Age were those which immediately 
succeeded the constructions belonging to the Ancient 
School. It is more than probable, indeed, that, for many 
years after the invention of gunpowder, no entirely new- 
fortifications were erected, but that, on the accessible 
fronts of towns, the thickness of tlic ancient ramparts 
was increased, in order that they might be (letter able to 
resist the shock of a more powerful artillery. At the 
same time the great height of the walls, which until then 
had constituted their principal advantage, became a 
serious defect: for being thus exposed to the view of the 
euemy, they were breached after a few hours* firing from 
guns planted even at' a considerable distance from the 
works. It was, therefore, soon found necessary to lower 
the walls and cover them by parapets of earth constructed 
in front; and in order to secure them against the 
attempts of the enemy to carry them by escalade, the depth 
of the ditch was proportionally augmented: hut with 

* See Gihbou, tie dint and Fa//, %'■. e. lxviii: who iu tliat spiv.. 
did narration of the capture of Constantinople by the Turks, has not 
failed, with hi» usual acuteness, to remark the admixture of' the 
ancient and modem artillery "Ud expedients of attack aa*n dMrn- 
guishing feature in that memorable siege, 
f YValsitighau p. 303, 304. 
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Fortifica- these exceptions, the 6ther parts of the same fortress re- 
tiuii. muined unchanged. From the description given of the 
siege of Metz, in a. d. 1552, it appears, that the fortifi¬ 
cations of that city then consisted of a single wall with 
square and round towers; and that to put it in a state 
of detcnce, the Due de Guise, who commanded, raised 
cavaliers, or mounds of earth on the exterior for cannon, 


eleven balvardi, by Giulio Savorgnano. He admits, more- Fortifica 
over, that this method of breaking the curtain was not 
new, but the invention of a'preceding Age, and asserts that, 
in the year 1550, he saw such a curtain in the fortifica¬ 
tions of Padua. It is, also, worthy of remark, that 
Maggi, in describing the advantages of the broken cur¬ 
tain, States that' when the enemy would attempt to 


with parapets formed of large gabions: lie also thick- ' breach it by a direct fire, he must present an end of his 

__ ..1 iL . It., _..II.. 1... iUa ...mm ...AMnn n,1 n/llhirt Uotlnnir In Ann nf ihn nUlinHA liniio nf tlln niivlnin • fenm 


flanking 

towers. 


cncd the walls inwardly by the same means, and within 
tlicir periphery he formed retrenchments of earth strong 
enough to resist the guns of the enemy, who had breached 
■ - the exterior wall in several places. 

Construe. The destruction of the machicolated parapets by the 
tion of aa- guns of the besiegers at an early period of the siege, by 
gular and depriving the defenders of the cover behind which they 
used to annoy the enemy when he was at the foot of the 
wall, evidently rendered it necessary that the faces of the 
towers should be ' scon and defended by fires directed 
from some other part of the works; and, for this purpose, 
the engineers of the day replaced the old round towers 
by others with plane faces, presenting an angle to the 
front. It is alleged, indeed, that a construction of this 
kind lnul been occasionally employed by the Ancients ; 
and that some <of the towers of Jerusalem, as well as 
many of those about the castles of the Nobility of a 
former Age, were of an octangular form on the plan,* 
But, let this have been as it may, the necessity for such 
Banking towers now became evident; and from within 
half a Century, probably, after the first introduction of 
cannon in the field, we may dale the general practice of 
constructing such works nl the angles of the polygonal 
wall surrounding a fortified place. A tower consisting 
frequently of two faces fo/ming a salient angle, and 
of two flunks, but sometimes having a greater number 
of faces, and situated as we have described,' but of 
dimensions hardly exceeding those of the Unman times, 
was called balvardo; a name, derived by Maggit 
or balvnrili. from IMunguardo, signifying that which constitutes 
the strength or maintenance of battle. It is observed 
also by the same Writer that, froYn the acute angle 
formed by the two faces, the tqwers had the name of 
puntoni, (probably from their resemblance to the 
pointed head of a speur or other weapon,) and he 
adds, from the information of Marco Manini, whom 
- he qualifies with the character of a diligent observer of 
the things of his time, that they had been so called 
for seventy years before; which, as his Work was writ¬ 
ten in a. o. 1531, carries the inventing) of this species of 
tower .so far back, at least, as the commencement of the 
XV Ith Century. { 

Provisions The same writer alleges, that the curtain or connect- 
for their de- ing line of wall between the lowers, was at first made, 
fence from straight, and served for the defence of the balvardi or pun¬ 
toni, in which, he observes, consists the safelyof the city: 
but he goes on to say that, since nothing can be made by 
Art which by Art may not be destroyed, the shoulders of. 
the fortress,’ as he calls those works, were ruined by 


the curtain' 
or connect¬ 
ing line of 
wall. 


battery to one of the oblique lines of the curtain; from 
which that buttery may consequently be enfiladed. In 
the plans of fortresses proposed by this Writer, the faces 
of the balvardi are equal to about one-seventh only of 
the distance between two of those works ; the IcYigths 
of the flanks are little more than one-twentieth of that 
distance: and half the flank is taken up with an orillon ,* 
evidently intended to cover that part of the work from 
the view of the enemy: two tiers of guns are placed 
on the flanks, to fire either over the rampart, or through 
it from casemates, for the defence of the ditch. 

Tartaglia of Brescia, and San Micheli of Verona, who Probable 
lived only a few years earlier, and were even for some .Authors 
time contemporaries of Maggi, ore mentioned ns cu- of • 

gineers distinguished for the improvements which they prevemeuta. 
introduced in the Military Art. 'to the former is 1 
ascribed the first' formation of the orto, or covert-way, 
surrounding the fortress on the exterior of the ditch, a 
work the importance of which has been ever since acknow¬ 
ledged ; and to the latter, the invention of the balvardo 
itself*.- This opinion is, however, founded only on a pas¬ 
sage in the Vitm excellentium Architvctorum of Vasari, 
which was published at Florence in a. d. 1597, where 
it is said thut, before the time of San Micheli, the bal¬ 
vardi were made circular; and Maffei, who, in his Ve¬ 
rona illustrata, advances that opinion, observes that 
there are still among the works surrounding that city 
some towers on which arc inscribed the dates a, n. 1523 
and 1529, at which times San Micheli is known to 
have been employed by the Venetian Government in the 
construction or repair of scverul fortifications in Italy 
nml tile Greek Islands.f But'this only shows the pro¬ 
bability that such works were then constructed by- San 
Micheli, not that he was the first to construct them. 

Tartaglia makes mention o (balvardi, in his Quesiti ed In 
ventionn diverse, published at Venice a. d. 154C, as a now 
invention of great importance. Brantoinc audMontluc 
attribute the invention to Antonio Colonna, who was 
killed at the siege of the castle of Milan. The honour 
of the invention is even assigned to the Ottoman Com¬ 
mander, Aclunet Bassa; who, it is alleged, raised such 
at Qjranto when, a. d. 1480, he made himself master of 
that City, But it has never been the character of the 
Turks to make discoveries in Art; aud it is more pro¬ 
bable that Achmet only caused .his engineers to copy 
the forms of works which might then have been recently 
introduced. 

In fact, idler the taking of Constantinople, while the Numerous 


wars in Italy rendered additional works necessary in fortresses 
the besiegers, aud .then the curtain was exposed. To . that Country, the apprehension that the Turkish power 

uld might still further extend into Europe, induced the Ve- tmn/in'tha 
netians to. rebuild and increase the number of their tort- XVth nml 

XVIth 


remedy this evil, he recommends that the latter should 
be broken in two parts, forming with each other a re¬ 
entering angle; and in this way, he observes, the (Sty 
of Nicosia in Cyprus was, in his time, fortified with 


- ;• It may also In chuerved that some of the ancient towers of 
Girishrooke Castle have the appearance of square buildings placed 
diagonally,with respect to the walla between them. 

f Maggi e Castriotto, Della Fortif, Jelte Cttlu, lib. 1, cap. 9, 

X Ibi d, Cap. 10. 


* An orillon, or oritlion, (Itnlier ortechio «c,) so called from its Centuries, 
resemblance to an tar, is a prolongation of the face of a baivanlo or 
bastion in, a semicircular or rectangular shape, beyond the flank, 
which it thus covers in a retired position from the view of the 
iaemy. 

. f The bastion Delle MadJalpne at Verona, which, though 
■mall, exactly resembles one of those constructed by Vaubau, bears 
date a. d. 1257 -' 
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resscs in Corfli, Candla, and Cyprus. A time of great 
political excitement, like that of which we are speaking, 
by calling into action the powera.of the human.mind, is 
favourable for the introduction of novelties; and, to the 
improvements which then took place in the Sciences 
and Literature, must he added those made in the Art of . 
Defence, which the new constructions would afford an 
opportunity to put into execution. To the engineers 
whom we have above mentioned as living about the time 
of the great change in the construction of fortifications,' 
we may add.Cataneo, Son Marino, and Albert Durer, who 
were nearly contemporary with each other. No particular 
systems of works indeed are ascribed to them : but'they 
wrote on the principles of the Art as it existed in their 
day ; and we seem to be indebted to them for the first 
application of almost every work raised for the defence 
of a modern fortress. Since those days the most dis¬ 
tinguished engineers have been Errard de Bar le Drte, 
(a. d. 159.4,) Marchi, (a. d. 1599,) Dc Villa, (a. n. 
1639,) Pagan; (a. 0.1645;) and in later times,Vauban, 
Coehorn, anil Cormontainguc. 

The necessity of covering the curtains of masonry' 
which joined (he ancient towers, to prevent them from 
being destroyed \>y artillery, suggested, soqn after the 
invention of the balvardo, the construction of works in 
earth in front of those curtains. These, which were 
made like the former, with two faces forming a salient 
angle, and sometimes with flanks, were well known in 
the time of Errard* and De Villc; and the invention 
of them is by the latter ascribed to the Itiilians.t Hut 
it appears that they were first used in that situation 
subsequently to the time of Castriotto and Maggi, or 
between the years 1584 and 1594: since the last of 
these. Authors makes no other mention of them lhanthat 
the bastion of Gatti at Padua, vvhicfi he designates as a 
rivclliiio, or ravelin, was a work of that nalurc.t If 
should seem that, at first, all works of earth, whether 
constituting part of the fortifications gf a town, or of the 
retrenchments made during the siege, were, in the time 
of Maggi, denominated bastioni; (great buildings;§) 
and probably it was not till some time after the system 
of the Italian engineers was adopted by those of France, 
that tile name of bastion was restricted to the work which 
had been made to replace the balvardo at the angles of 
the polygon surrounding the place fortified. ' It may be 
observed, that Maggi never uses the term bastioni ex¬ 
cept when speaking of-works made with earth ; and 
that these were sometimes constructed without due Care, 
is proved by a passage in his third book, where it is 
said that Lucca Martini had built one at Pisa which, fur 
want of bond timbers, gave way on one side from tho 
effects of rain; and that a like accident befell a work 
constructed with earth at Corfu, by San Micheli. . The 
rivclliiio , or ravelin, whose name is apparently derived 
from vclletta, or vedetla , n watchman or sentinel, was at 
first constructed beyond the. circuit of the walls; and 
Errard, in some places, uses indifferently the word bas¬ 
tion and ravelin to designate a work so situated. 

The advantage of having capacious works may be 
said to have been felt almost ns soon as the new method 
of fortifying was introduced; since Maggi complains 
that the fortresses of his day could not be defended alter 

' 1 ■ ' V ■ 

* Ln Fortification riduito til Art, Hv. iii. ch. v. ,, 

+ VJnginitur parfitit. Avant-propot, ch. li. 
t Delta Purification* dtUi CUla, lib. iii. c. 25. 

: $ bid. c. 2®. - ' - , » - 


a breach had been made in the walls; and assigns as a Fortifica- 
reason the smallness of the places, which would permit don. 
no retrenchments to be made in them. lie observes, v —"v—* 
also, that it would be better to lay out money in making 0,,M ' r "® w 
the halvardi large, the walls high, and the ditches deep, tkmiunhe 
rather than in multiplying the number of the bal- same cyoch. 
vardi: for if these are too near each other, the defenders 
are liable, to receive injury when the artillery on the 
walls is fired against the works of the enemy. To Vlatlbrmi. 
increase the defence of fortresses, he says, engineers had 
invented platforms, cavaliers* and casemates. The first 
he describes ns^of two kinds: either small works,, 
resembling the modern bastions, but projecting from the 
middle of the curtain, and containing bn their llauks 
artillery to defend the faces of the halvardi when these 
were not very distant; or retired spaces in the curtain 
resembling tho second flanks, as they ore now called, 
in Vauban’s Third System, and on which, also, artillery 
was placed for the same purpose. The cavaliers were Cavaliers, 
’elevations of earth either on the middle of the curtain or 
at the kick of the balvardi; and on these, also, artillery . 
was placed, under cover of gabions, or cylindrical baskets 
of earth, for the purpose of keeping the enemy at a dis-* 
tance by the superiority of their command. 

. Lastly, the casemates were recesses in the flanks of the CaaemnUs. 
balvardi ; and, according to Castriotto,* they were some¬ 
times made, in the form of vaulted galleries, across the 
ditch; but lie recommends that they should be built 
behind the outer edge of the ditch opposite the faces of 
the balvardo, and ou each sidc'of its salient angle, their 
use being*, as at present, to defend the ditch when the 
enemy had entered it. The Italian ■ eugineer admits 
that, if caunou were fired from them, they might become 
unserviceable ou account of the smoke; but he proposes 
to employ in them only cross-bows and engines for 
stones; and be alleges that they may lie useful for gal¬ 
leries of countermines. The balvardi of that day were 
always made with very short tlankjj, which were divided 
into upper and lower stages, each containing only one , 
or two guns, and. protected by arecc/iioni or Orillons, OriUona.. 
which were generally of a circular form, at the shoal- ’ 
ders of the balvardi. The guns ou the lower flunk 
stood on au open plutform, protected by a parapet Of 
masonry with,embrasures; behind them was a semicircu¬ 
lar wall, having its concavity outwards, which supported 
the "earth constituting the upper'flank; and over this 
wall the guns on the platform of the balvardi fired cn 
barbette, or over the parapet. Behind this circular wall 
were sometimes situated casemates, containing guns; 
which then formed a third battery between the levels of 
tiie other two. The -walk supporting the ramparts of 
the place were occasionally strengthened by vertical or 
horizontal counter-arches. Maggi relates that such Cotinto> 
works were, in bis day, to be seen in several of the “ n< j 
cities of Tuscany; and that there was at Padua a strong S* 1 * 1 ™"* 
one, which had been built in a. o'. 1550, from a design 
given by San. Mieheli of Verona. Under the gorge or 
back of the balvardo was a Vaulted gallery, the roof of 
which was supported on pillars, and by which a commu¬ 
nication was made from One flank to the other. He ob¬ 
serves that this gallery may also serw as a countermine; 
for, on abandoning the balvardo, he would have powder 
deppsited in pits n\ade on purpose under the piers : and 
these being blown up, there would be led a ditch 
between, the enemy and the town. ’ , 

* Delta Fortficationc etetle Cilia, lib.». c. 10. 
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Furtiiica- Afiel* speaking of the banks of earth which have been 
tiou, observed in some of the old ditches of fortresses, Cus* 
triotto proposes, in order to increase, the strength of such 
•wards *' places, to connect the banks together by a large balvurtlo 
built round each of the towers at the angles of the an¬ 
cient circuit of wall. In the plan which he has given of 
a place thus fortified,* these works have a great re¬ 
semblance to the connterguards in Vauban's Second and 
Third Systems; and the idea may be considered as the 
first slop to the formation of large bastions in such situa¬ 
tions. In the covert-way surrounding the ditch, the 
same engineer proposes to place circular redoubts, with 
loop-hub*"* in the walls, as stations*for a guard; and 
places of such redoubts seem to have been the originals of the 
arma, place*, of arms, aubijMptcilUy formed at the re-entering 

and salient angles of that' part of the fortifications. 
Having given the dimensions'of (he great ditch and 
glacis from the writings of (,'alaneo and Tarlaglia, he 
points out the advantages which would arise from con¬ 
tinuing the glacis at its foot below the level of die 
ground, to form what may be called mi advanced ditch ; 
observing that it would impede the progress of the 
enemy in making the, assault,, and would prevent his 
ami fauss*- retreat if repulsed. Castriotto observes that there then 
braye. existed in France many places surrounded by what he, 
calls a f<u&a bran. (famsr-braye,) or outer circuit; and 
from tin* view w liich he has given, it appears to have 
been simply a wall detached from the foot of the main 
rampart. 

Rapid sulop. The inventions of the Italian engineers in the Art of 
tionof th« Foriifiealiou must have been very early adopted in the 
llasii. North of Europe: for we find, that in the time of 

tJm>u .-hout Carles ' r -* Emanuel of Savoy, the General of that Ein- 
Kunijie, peror, built Ifcsdin near Amiens with spacious bastions, 
whoso distances Horn each other seem to, have been re¬ 
gulated by the range of muskets. And the citadel of 
Antwerp, which is thought to have been the first regular 
fortification constructed in that manner, was built in the 
reign of Philip IT. bf Spain. In the lime of Errard, 
(is ih ve- however, who wrote in a. n. 1591, we find that large bas- 
h.’iemcut l>y tions, or boulmtrd*, as he sometimes designates them, 
i'i-vr'le u„ *' IK * * ,e, - n generally introduced either us outworks in front 
theVaUicr tif l ^ c rollnc * towers of ancient fortresses, or to supersede 
thii uiixlrru the latter entirely ; and, in the designs which that en- 
Art of For- giaeer has given ns then new, they always form part 
elicit .ju iii D f i| 1( * circuit, and are constructed, at the angles of 
rauee. t| lc jmlygun as in modern fortifications. But their 
flanks, which are double or triple, arc short, and arc 
protected by circular or rectangular orillons.. Erraid 
sptitkst »f ravelins and bastions as of detached works, 
added in front of the curtains betweep two small 
towers; and when the curtain is long, he proposes to 
have two such works, either separated from each other, 
or connected by a curtain, anil he denominates the 
’ . . whole a lenadle, expressly stating it to be of use in 
affording room for the defenders, which was wanting 
in the ancient circuit. It is remarkable, however, that 
he has shown ravelins of the modern kind in only one 
of his own designs; and in that they appear to be with- ‘ 
out ditches, and to resemble merely re-entering places of 
arms; We may add to this brief account of the works of 
one who may W considered as the father of French 
, military engineering, that he has given} an example of 


a front of fortification, in which counlergunrds arc Fortifica- 
traced in such a tnanper as to cover the faces of a large tlml * 
bastion : he docs not, however, recommend thein,-al- ' 

leging the expense of their construction, and the proba¬ 
bility that the enemy might place artillery upon them for 
the purpose of breaching the inner wall. On the other 
hand, lie proposes, in order to prolong the. defence, that 
good retrenchments should be made in the interior of a 
bastion, or at its gorge, by a rninpavt formed either in a 
straight lint* or in the manner of a tenaille. Kavelins 
or bastions, connected by curtains, so as to form one or 
more fronts of fortification, as they are now called, and 
therefore resembling modem lioru or crown works, are 
also recommended by Errard,* to serve as defences for 
a bridge, or to cover the subiub of u lawn. 

The Italian system, which, nearly as soon ns it can Remarkable 
be said to have been formed, was, as we have seen, in- exHi»iiIei>r 
traduced into Flanders ami France, appears to have !*i 0 '’‘timi in 
been about the same time received in England ; and, England, 
among; the small number of military constructions which 
our Country can boast, it happens that one belongs to 
the first Age of modern Fortification. The example we 
allude to is exhibited in the works about Carisbrookc CarUhrooko 
Castle in the Isle of Wight. ‘That •interesting fortress Castle, 
may pass for one of the most ancient in the Country, 

(even though we should not assent to the. opinion of 
])r. Stukcly, that it was originally built- by the Emperor 
Carausius,) sinre mention is made of it in the Saxon 
Annuls. It is supposed to have been enlarged soon 
after the Conquest ; and the grand entrance, on the 
Western side, was built during the reign of Edward TV. 

The old wall of the Castle is of a pentagonal 
form ; it has a lofty keep on the North-East side ; and 
besides the small towers at the angles, which arc 
disposed with a salient angle to the front, there is, oil 
the middle of each of the walla connecting them, a red 
angular projection having one side parallel to the length 
of the wall, probably for the purpose of defending the 
faces of the collateral towers. In the time of Elizabeth 
the Castle was surrounded by fortifications, enclosing 
an area considerably greater than that within the an¬ 
cient walls, and having the parapet on a much lower 
level than the summit of those walls. These fortifica¬ 
tions arc constructed on an irregular pentagon, with 
bastions at the angles ; and on two of the fronts the 
flanks are simple and rectilinear, but on the others they 
are protected by rectangular orillons. The rampart is 
revetted with a stone wall; and in each of the retired 
flanks, which are perpendicular to the curtain, are two 
apertures, intended as embrasures fur small pieces ot 
artillery. On two of the fronts of fortification there is, 
between the flunks, a hank of earth in the form of a 
modern tenaille; and beyond fhe ditch, in what may 
haye be«*n a sort of re-entering place of arms, there still 
rcmaiiis a small elevation of earth, of a semicircular 
form, apparently intended as a ravelin, or, as this kind 
of work was sometimes called, a half-moon. In the 
area between these fortifications and the Norman walls, 
arc elevations of earth which appear to have served as 
traverses! and as cavaliers to give the defenders, in the 
manner of the works of that Age, a command over the 
neighbouring heights- On one of the bastions is in¬ 
scribed the year 1568, and the works arc saidf to- have 
been executed4)y an Italian engineer named Gencbella, 


* Ltctta Fortifitatione deUe Citla, lib. ii. c. fit; 
f La Fortification reduift.tn Art, Uf. iii. ch. V. 
( Ibid. liv. li. ch. x. 


* - La Fortification riduitc en Art,, lit. iii. ch. hr. 
f # Vidc Beauties of England and (Valet, vol. vL 
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Fortifies- who was brought from Flanders fbr the purpose. Their trious Queen, may, with what has heen before said, bo Forfifica* 

tion. great resemblance to the fronts of fortification in the considered as a proof, that in her days the new method tioo. 

System of Errard, who was contemporary with our illus- of fortifying places was practised nearly all over Europe. ' 


PART II. 

MODERN SYSTEMS OF FORTIFICATION. 


Olf AFTER-1. 

General Description of a Modern Front of Fortification. 

Foi the go- Having briefly traced the History of the Art of For* 
mat np- tilyingfrom the earliest Ages to the period at. which the 
pujr.uice oi jr C j)oral adoption throughout Europe of the Hastion 
fui limes -% s(em may lie said to have introduced and established 
vide pinte i. all the most essential principles in the Modern Science 
lit-, a. of Defence; we mny next proceed to give some account 
of the various forms of construction for fortresses which 
have been since practised or proposed. Before, how¬ 
ever, we enter on this description, it will be proper, in 
order to render it more intelligible to the general reader, 
Form of ilia to explain the form of a rampart mul parapet, and the 
iliiTiriut nature of the works which constitute what is called a 

wnrliV* haul of fortification. Fig. I, plate it. represents the 
1 plan of a front with its outworks; and fig. 4 is a profile 
or section taken on that purt of the plan which is tie* 
b ” ‘ 'signaled by the dotted line A B. t A horizontal piano 
Rampart, passing through this line in fig. 4, represents the plane 
of site or level of the country ; and a beet is the mass 
of earth forming the rampart and parapet: the earth is 
procured by excavating the ground in front; and this 
excavation constitutes the main ditch, the profile of which 
is vest. The line a ft is the interior slope of the ram¬ 
part ; and this is made gentle enough to permit the 
defenders to ascend or descend it on oreasion with to¬ 
lerable futility. The Hue ft n is the terreplein of the ram¬ 
part, or level space on which the troops ami cannon arc 
placed for the defence; and its breadth is from thirty-six 
to forty-two feet, to allow of a free circulation in rear of 
the guns when in battery. Its part cn is the ban* 
rpielie or step, on which the soldiers stand to Are over the 
Parapet, parapet; and it has a slope m c towards the rear, the 
base of which is equal to twice its height. Again, rf e, the 
height of the parapet, is so regulated as to procure suffi¬ 
cient cover for the men and guns upon the terreplein. . 
When the fortifications are constructed upon a level 
plain, seven, feet and a half suffice for this purpose. 
The superior slope ef of the parapet is directed as 
nearly as possible to the edge t of the opposite side of 
the ditch, in order that a man, when firing over the 
parapet, may without difficulty see the enemy there. The 
line/i is the exterior slope of the parapet, which being 
made of earth stands upon a base', equal to its height, 
for the sake of stability. The thickness of a parapet at 
its upper surface is generally about eighteen feet, tliab 
the work may not be pierced by shot from the heaviest 
Revetment, artillery. The' reeetmrnt, or well of masonry (i rp) 
m sustain- supporting the rampart; is made of such solidity, that 
gw ■ its resistance may be more than-equal to the pressure of 
the earth above and behind it; and oy is the buttress or 


counterfort pieced behind the revetment, to increase the 
strength of the latter. The buttresses are placed at Buttresses, 
distances from each other of fifteen or eighteen feet , l,r 
reckouing from ■centre to centre, ns is shown in fig. 5, 
which represents a portion of the ground plan of the K " 
masonry'on both sides of the ditch. The height of the 
Wall i r should be so great as to render escalade very diffi¬ 
cult or impossible; and for this purpose thirty or thirty- 
five feet may suffice. Nevertheless, tits- top i is- not 
allowed lo rise above the level l k of Ihc crest of the 
parapet of the coivert-way: the reason for which is, that 
no part of the masoury should he discernible from the 
enemy’s distant batteries, lest being breached from them, 
the parapet should fall, aud thus expose the terreplein 
of the rampart. 

, From what 1ms been said, it-must be evident to the Ditch, 
reader, that the depth of the ditch is almost a fixed 
quantity: since it must depend upon the necessary height 
of the escarp, which is the name given to tho outer lace 
of tho rampart. This-is particularly the ease when the 
ditch is a dry one: but there is no such absolute neces¬ 
sity when the latter contains a depth - of water equal to 
six feet, which is deemed sufficient to prevent the enemy , . 
from wading through it to the -assault,, or to surprise the * 

place. The breadth of the ditch must, in a great mea¬ 
sure, depend upon the nature of the soil. If dry, tho 
least breadth it ought properly to have should lie equal 
to once and a half the height of the rampart: in order 
that the rubbish of the breach may not extend across it, 
aud fqrnish the enemy’s sappers wherewith to commence 
their passage, alter they have pierced through the wall 
t s, which terminates the ditch on the side next to the 
Country. It may be added, that a dry ditch, if very 
narrow and deep, opposes an almost insurmountable 
obstacle, to the enemy when he wopld destroy the escarp: 
since it renders him unable, from the crest of the glacis, 
to see the Wall sufficiently near the foot to-alluw a prac-, 
ticahle breach lo tie made; or obliges him to,form his ■ 
batteries on the terreplein of. the covert-way, in which 
situation they must he roofed, in order to secure his 
gunners against the hand-grenades which the defenders 
may shower on him from the parapet. In these circum¬ 
stances the besieger would probably resort to mines, os 
the only means of effecting his purpose: but here again 
he; might be opposed by expedients of a similar nature, 
of which we shall give a description in its proper place. 

If, however, the’ditch be a wet one, and that the enemy 
cannot possibly drain it, the. wider it can be made the 
better; no the difficulty of forming a faseinc passage 
across-it will augment in proportion - to its width. 

The opposite side of the ditch is called the counter. Covert-way, 
scoty, to distinguish it from the escarp. This ought 
always to,..bo supported by a masonry revetment l f , of 


f 
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FortiGea- more complicated: in order to screen at least a small which otherwise was in some polygons intercepted by Fortifica¬ 
tion. , portion of the artillery of fortresses from the sweeping the re-entering angle of the. counterscarp. He aug- h ml - _ 

y -*"’v ricochet fire, which his own practice had introduced ; mented considerably tlie size of the ravelin ; making its 

and to' prolong the defence after a breach should lie faces about equal in length to those of the bastions, and 

formed in the face of a bastion. directing them'to points taken on the bastions at teu 

His First The method which he seems generally to have fol- yards from the shoulder-angles in order to cover, in 
System. Jewed in his constructions up to die year 1688. and some measure, those shoulders from the fire of the 

, which writers have denominated his First System, differs enemy’s counter-batteries at the salients of the ravelin.- 

in many points of detail from that of Pagan, lie He made the re-entering places of arms.more spacious 
makes the distance between the salient angles of the than they were before ; gave ten yards to the breadth of 
Sec fig. 11. nearest bastions equul to three hundred and sixty yards; tlm Covert-way; and placed traverses across the latter, 
and, in assigning this length to the side of the exterior at certain intervals, to increase , its means of defence, 
polygon, he was influenced by the consideration that and protect the men there from tlie effect of the ricochet, 
the rouge of the wall pieces, by which the defenders of Notwithstanding all these improvements m the System H is Second 
the flanks were to oppose the construction of the'enemy’s of fortifying, many ameliorations were yet requisite to System, 
counter-battery on the crest of the opposite glacis, was keep pace with the ascendant which the attack was 
* equal to about three hundred yards. For, thence taking rapidly gaining over the defence. The numberless 
off forty yards for the supposed breadth of the main instances ot capitulations being made aR soon us a 
ditch and the covert way, thera would remain two hun- breach was practicable in the body of the place, owing 
dred and sixty yards for what is tailed the length of the to the unwillingness of Governors to risk tlie conse- 
iine of defence; and to this adding one hundred yards .-quences of an assault, convinced. Vaubau that some 
for tlie face adjoining to the flank, on which the de- contrivance must be resorted to, which would obviate 
fenders were stationed, the front of fortification will be the evils of dependence on a precarious retrenchment 
found of the length above-mentioned. Vuuban’s reason made during the siege. With a vied to this object, 
for making the &<*k of the bastions equal to about one when instructed to fortify Landau, he separated tho 
hundred yards iu length, was that, in the inferior poly- bastions from the body ot the place hy a ditch about 
gons, there would then be snlficient breadth at the forty feet wide, in order that, after the breaching and 
gorge to allow a free communication between tlie bas- capture of the bastions, the besieger might be compelled 
thin and the interior of the place. He.theti (weed the to recommence operations against the enceinte. The 
flanks in directions forming angles of about eighty-one angles of the latter were fortified by small pentagonal 
degrees with the lines of defence, in order that the fires towers of masonry, called tower bastions: underneath See fig. lit. 
from thence might take in reverse the assailants when in which he contrived casemates for two guns in each 
tlie act of storming the breach made in the face of a col- flank, and bomb-proof barracks for the troops along the 


lateral bastion. The length of the flanks must evidently 
depend on tlie angle at, which the lines of defence inter¬ 
sect each other; and this was determined by letting fall 
from file middle of tlie side of the polygon, towards tlie 
interior, a perpendicular to that side, and making, its 
length equal to one-sixth of the length of that side-in 
all polygons greater than the pentagon. The extent of 
the flank thus became somewhat greater than that of 
the battery which the enemy could construct to dismount 
its guns: while the flanked angle of the bastion con¬ 
tinually increasing with the number of sides in the poly¬ 
gon, the interior of that work became proportionally 
more capacious, and its faces less liable to tlie action of 
the ricochet. The above rules of construction also 
render the curtain joining the flanks of two bastions 
long enough to permit the defenders of those flanks to 
sec the whole of the ditch between them; and it is there¬ 
fore evident that no attempt of the enemy to surprise 
Uic enceinte can succeed. 

The earlier modern engineers had, with a view of 
' increasing the defence of the enceinte, surrounded it. 
With a jausse braie, or attached parapet on a lower level 
than the principal one: but this work being subject to 
several defects, particularly to a plunging fire from the . 
enemy’s lodgements on the glacis, was superseded by tlie 
tenaille, an invention of Vauban, who constructed it, 
for the first time, when ordered to repair the citadel of 
. Lille, For the purpose of covering the postern in the 
' Curtain, and defending the main ditch and the terreplein 
- of the ravelin. He also directed the counterscarp 
towards the angle of the shoulder of die opposite bastion 
instead of drawing it paralle’ to the faces, as in Pagan’s 
outline ; by-which he gained the advantage of laying 
open the whole of the ditch to the fire of the flank. 


faces, besides powdcr-magaziucs in the centre. This 
mode of fortifying is distinguished by the name of 
Vauban's Second System: but Befort is the only fort¬ 
ress besides Landau, where it has been executed. The 
System, although in some respects stronger than tho 
preceding one, left nevertheless muchtoom for improve¬ 
ment, of which Vauban seems to have been aware: for 
in fortifyiug Neu Brisack, he increased the size of the 
ravelin, and gave it a redoubt The tower bastions His Third 
were likewise made larger; and the curtain which united System, 
them was broken inwards: so us to form two small Sec fig. 13. 
flanks, underneath which casemates for cannon were 
constructed, to cooperate with those of the tower bas¬ 
tions in the defence of the ditch. This assemblage of 
works constitutes what is commonly, but perhaps im¬ 
properly, called Vaubctn’s 'Third System: for that 
great engineer did not himself write op the fortifica¬ 
tion of places; nor does it appear that .he ever professed 
to follow any exclusive method in his constructions; 
but rather that he always adapted, the nature and dis¬ 
position of bis works to the circumstances of the sur¬ 
rounding ground. Both 1 these latter Slystems, although 
calculated to prolong the defence, were of much too 
expensive a nature to admit of being frequently put in 
practice in any state. An opinion moreover has very 
generally prevailed, that the smoke from the priming 
would tender it impossible to remain in the casemates 
during the firing of the guns, owing to the want of 
ventilation. To ascertain whether or not this, prejudice 
was well founded, the French Convention, in the year 
• 1798 , ordered an experiment to be tried in them by 
General the Citizen Desnoycrs. This was done in the 
presence of the Governor aud ail the Garrison Stall’of 
Ncu Brisack. The result proved that the caseinates 
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His First 
System. 


Sec fig. 14. 
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under the flanks of the tower bastions were perfectly 
serviceable, however briskly the fire might be kept up 
' in them; and that the small ones under the curtain 
flanks were equally so, provided the gunners were re¬ 
lieved every quarter of an hour. In bdth cases, how¬ 
ever, it appeared that loose powder ought to be substi¬ 
tuted for tubes as priming; and that, for firing, slow 
match should be used in lieu of. port-fire, the smell and 
smoke from the former being less offensive. 

For the Bake of chronological exactness, we shall 
next notice CoChorn’a Systems, although their exclusive 
appropriateness to marshy soils' might fully justify our 
speaking of them separately, without interrupting the 
present sketch of the progress of improvement in the 
Art of Fortification. (Joehorit was the Vaubau of the 
United Provinces; and like his great contemporary, lie 
excelled in the Science of Fortifying, and of attacking 
and defending places. His talents and achievements 
accordingly raised him to the highest posts in the service 
of his Country; and the works which he has executed 
justly entitle him to the admiration of the Military 
World. ■ His ideas were adopted, with such, modifica¬ 
tions as localities rendered necessary, at Niutegucn, 
Breda, Mauheiifi, Namur, and' Bergcn-op-Zoom. In 
a. d. 1685 he published his three methods lor construct¬ 
ing the fortifications of places: the First, which he 
formed on a hexagon, was intended to be raised on a 
soil, underneath the surface of which water is supposed 
to be found at a depth of four feet; Ills Second System 
is formed on a heptagon, and is adapted to a soil three 
feet above water; uud his Third is on an octagon traced 
on ground five feet above water. The principal aim 
which he had in view was hoth to cover ai|d flank his 
works more effectually than had until his time been 
done ; to deprive the enemy of the space necessary for 
his batteries, and of soil for his approaches in the, dry 
ditches ; and moreover to surround him with cross fires 
whenever, by dint of perseverance, he injglit have pene¬ 
trated into the works. 

. From the brief view which we are to give of (he 
means employed to arrive at these ends, it will be evi¬ 
dent to the reader that the reason why CoShorn exclu¬ 
sively chose marshy soils -for the sites of his Systems, 
must have been that he hud the interests of bis native 
land alone in view ; and that lie would have succeeded 
equally well in appropriating defences to localities of 
any kind, is manifest from the merit displayed in the 
eonstrnetion of Fort William at Namur. In his First 
System lie lias a capital or interior bastion, the revet¬ 
ment of which is hidden from the enemy’s first batteries 
by .the unTevetted thee of an exterior bastion. This 
unrevetted or low face has between it and that of the 
capital bastion a dry ditch, the surface of Which is but 
six inches above, the natural level, of the water, by 
which means it is rendered impossible for the enemy to 
establish himself in this ditch without undergoing the 
laborious process of bringing soil with him from the 
rear for the purpose of cover. This dry ditch is de¬ 
fended l>y six guns in a casemate under the stone tower 
placed at each shoulder of the exterior bpstioti; and 
the tower being nncqmiected with’the flank of the capi¬ 
tal bastion, covers it completely without taking up any 
portion of its length. A vaulted and loop-holed gallery 
extends along the interior of the low exterior face under¬ 
neath the banquette, and communicates with tjie case¬ 
mate in the, tower; there ore numerous doots.made 
in this gallery to facilitate the flgtps# end ingress 
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of sorties; and it is moreover partitioned off at every 
eighteen feet by strong doors, that it may be defended 
foot hy foot. Another considerable advantage which it 
possesses, is that of serving us a gallery of mines, from 
whence any lodgement which the enemy might attempt 
upon the low unrevetted face may bo destroyed. Besides 
these defences, the dry ditch has a palisade provided 
with numerous barrier gates, extending along the front 
of the escarp of the capital bastion ; aiid the space thus 
enclosed is swept by two guns placed at each extremity, 
or near the shoulders of that baslipu. A vaulted, loop- 
holed, half-buried communication passes alnng’the capi¬ 
tal of the dry ditch, from a gallery of mines at the. back 
of the escarp of the capital bastion, to the gallery under 
the exterior face. .This communication, or covered ca- 
ponnitre, being partly sunk under ground, is necessarily 
made cistern-like, owing to its being beneath the natural 
level of the water, which, when the defenders are obliged 
to abandon it, may be let ill by means of a sluice to 
prevent its being of any service to the enemy. The 
stone tower before mentioned is separated from the dry 
ditch by a small vvet one, twelve yards wide, defended 
by three guns placed behind a wall at its interior ex¬ 
tremity. The communication over this ditch is by two 
bridges: one conducts to the space'without,.and the 
other to that within the palisades above mentioned. 
Another small wet ditch situated in front of the orillon, 
or stone toiver, ancl of the flank which connects the 
latter with the curtnin of the enceinte, serve* as a har¬ 
bour: it communicates-with the main ditch by a covered 
passage for boats, rails; &c. The dry ditch between the 
flanks of the capital and exterior bastion, is defended'by 
four pieces of cannon placed in a casemate, which is 
formed in the part of the curtain joining those flunks: 
through this there is a postern communicating with all 
the lower works. 1 

The muiu ditch is defended by three flanks: that of 
the capital bastion; that of the inferior bastion; and that 
of the teniullc, or, as it may be called, the lower cur¬ 
tain. The latter flank is kept lower than the curtain 
■and face with which it is connected, in order to allow the 
tires from the works in its rear to pass over it; and tlie 
curtain and face have, a greater relief given to. them, the 
first that.it may the better cover the principal curtain, and 
the secoud that it may more effectually screen the low 
flank. A communication is made <into the spuec be¬ 
tween the two curtains, by means of a postern in the 
middle of the enceinte. Tne capital ravelin is revetted; 
and in front of it is a dry ditch, which is covered by the 
unrevetted rampart of the exterior ravelin. This dry 
ditch is defended by the fates of the capital anil, lower 
bastion, by the upper part of the tower, and by the 
double fire from the coffin of splinter.proofs, which are 
formed across its extremities, war the main ditch. It 
moreover derives a defence from a covered csponnicre 
joining the salient angles of the exterior and interior 
ravelins, similar to that already described, in- the dry 
ditch of the bastion; and from a row of palisades ex¬ 
tending along the foot of (lie-escarp of the exterior 
ravelin. THe two splinter,proofs are sheened from an 
attack by storm, by a small wet ditch, which is defended 
by'; a loop-liolcd gallery under the face of the lower 
ravelin. ‘ This loop-holed gallery serves as a connnunica 
■lion into the dry ditch'd 1 the ravelin, for which purpose 
'floors are made at its extremities; uud a postern placed 
voder the face of the capital ravelin completes the com¬ 
munication to the interior of the latter. The passage 
8 q 2 


Fortifies- 

thm. 



288 


FORTIFICATION. 


Fniiifica* ft'om behind Ihe splinter proof to the space enclosed lxs- 
4mn. tween the palisades and the escarp, is by a small bridge. 
—■“Y"'"'' There is likewise a postern passing- under the Capital of 
the revetted or interior ravelin into the caponni&re, . The 
three flanks which defend the main ditch can only be 
counter-haltered from the earthen countergnards which 
Cover the bastions: but as these consist only of a parapet 
. and a double banquette, tile enemy ubuld he. unable, 
from waiitof room, to establish a battery on'theni.. The 
covert-way is of a great breadth, (seventy-two feet,) and 
it slopes gradually inwards to the water's edge. The 
faces of the re-entering places of arms are provided with 
loop-holed-coffers nr' splinter proofh, for the defence of 
’ the glacis by a double and mazing fire. A loop-holed 
wall serves as a redonbt to the place of amis; and pali¬ 
sades placed along the branches, faces, traverses, and in 
front of the above-mentioned redonbt, complete the de¬ 
fensive dispositions of the covert-way. 

We shall not attempt any detail of the advantages and 
defects of the System just described; nor the mode of 
attacking or defending it: for the curious reader may 
find them in the Author’s own Work. Hut it is allowed - 
by the ablest engineers, that notwithstanding some little ’ 
imperfections, (and the whole invention it must be -re* 
'membemi was prior to that of jricochel firing,) this 
System is capable of the most obstinate resistance, by the 
numberless expedients which it enables the besieged to 
oppose to the assailants. It may be added, that it 
would also require to 1* very judiciously and most 
vigorously attacked; and that the siege could only be 
abridged by the simultaneous employment of a very ' 
numerous artillery, and by the developeinent of new 
means. One of these would probably consist in firing 
shells into the earthen masses of the counterguards, with 
a view of producing explosions therein, similar to those 
of small mines ; for cannon'-has been found to produce 
too slow and too imperfect an effect. 

His Second Coiihorn’s Second System, which he applies, as was 
System. said above, to a heptagon, consists of a capital re- 
bm g. la. yetted bastion,‘the upper and middle flanks of which 
arc covered by the projection of the orillon. A wide 
dry ditch extends round this capital bastion, having 
its surface nearly on a level with the water. This ditch 
is covered by an unrevetted rampart, uuderneath which 
is a gallery, with loop-holes looking into it, in order to 
aflbrii a reverse fir6 upon the enemy when he may have 
penetrated so far. The ravelin with retired flanks is 
connected with un unrevetted rampart surrounding the 
enceinte; and a low curtain, or in other words, a tcnaillc 
with flanks, in front of which is a small wet ditch, covers 
the curtain. By this disposition, the whole, of the en¬ 
ceinte may be defended with still greater advantage than 
in the First System, by strong sorties of cavalry as well- 
as infantry. A row of palisades extending along the 
dry ditch in front of the capital face, covers the retreat . 
of the troops. An uninterrupted counterguard, placed / 
beyond a broad wet ditch, forms a third enceinte or en¬ 
velope; each branch of .which is divided and flanked 
by a traverse; and • a ditch and covert-wav, similar to 
those of the First System, surround this tlfird enceinte! 
The advautages of this System consist in a greater 
' •- facility of communicating with the second .enceinte, 
and of- defending it by numerous bodies of troops'.of 
all -arms, owing to the uninterrupted continuity of. 

. . the'broad dry ditch; and in the economy of its con- 
' stmetioh, it being much less expensive than the First 
System. >, 


Coe horn’s Third System is that which he himself most Fortifka- 
esteemed; but as no one agrees with him on the sub- . ^ 10 11 • 
ject, bud as it has never received the honour of execution, ^ ,^'T^ 
and is moreover the most expensive of the three, we ‘ 

shall not, in-' the limited space allowed us, enter into 
a minute detail of its construction dr uses. The reader 
is by this time sufficiently familiarized with the subject 
to be enabled, by an inspection of the figure, to form See fig. 10. 
ji competent idea of the defensive dispositions coutaiued 
jn it. - 


CHAPTER III. 

Improvements subsequent to the Age of Vauban and 
Co'ehorn. 

In returning to the fortifications which are appli¬ 
cable as well to dry as to wet soils, we shall pass over 
in silence the throng of Writers, contemporaries or im¬ 
mediate ' successors of Cofiborn and Vauban, such as 
Borgsdorf, Sturm, IJerlire, Olasser, &e.; and proceed 
immediately to Cormontaingue, whose valuable improve¬ 
ments on the ideas of Vauban, give him a claim to the 
honourable distinction of being the principal disciple of 
that illustrious engineer. From the general merit of 
its defensive properties, joined to economy in materials, 
the Method of Cormontaingne may, perhaps, be con¬ 
sidered os that which is most likely to be adopted as a 
basis of construction’when circumstances shall require 
the formation of new, or the restoration of any existing 
fortresses. 

Cormontaingne places the points of his bastions at the Cm-mon. 
same distance as that prescribed by Vauban in his famitne’s 
First and Third Systems < that is, three hundred and • 

sixty yards. . The magistral line of his front of fortifi- l| '" 
cation is traced in nearly the same manner as in the 
Systems of Pnghfi and Vauban; that is, the positions of 
tho lines of defence, or the produced faces of the bas¬ 
tions, are determined by the length of a perpendicular, 
let fell from the middle of the side of the exterior polygon. 

The faces are made one hundred and twenty yards iong ; 
and the flanks are at right angles with the faces-of the 
opposite bastions, in order that the fires from thence may 
effectually graze those faces. In making 'the face of 
his bastion longer than Vauban did in his original 
method, he certainly shortens the flank, but he brings 
the latter closer to the object which it has to defend. 

The augmentation of size in the bastion, renders it ca¬ 
pable of containing such interior retrenchments, as may 
enable the body of the place to. sustain many assaults 
ere it he forced to capitulate. Of the nature of these 
works in reserve, mention will be mode under the head of 
Interior,Retrenchments. The crest .of the counterscarp 
of the main ditch is drawn towards what is called the 
interior shoulder angle of the collateral bastion: that.is, 
towards the point on. the plan which represents the 
meeting of tbe crest of the parapet on the face and flank; 
by which titans the direct- fire of a man stationed at the 
shoulder will graze „ tljo exterior side of the ditch. In 
order to correct the principal defect ofVauban’s ravelin, 
which does not sufficiently cover the central part of the 
enceinte, Cormontaingne has constructed his upon a 
larger base. Having also made it without flanks, he 
lias reserved the latter for the redoubt in its interior, 
front which ihc besieged will be enabled to huve a. 
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Fortified- reverse (ire upon the breaches of the collateral bastions; 

so that the assoult on "the latter becomes impracticable, 
L in-,-ML* until after the entire capttirc of both the ravelin anti Us 
redoubts. It is only by giving greater saliency or pro¬ 
jection to some of the works, that a simultaneous attack 
upon the whole of the defences may be. prevented; as 
otherwise the enemy being: able to embrace the whole at 
once, would not be compelled to attack in detail 'what 
might be carried' by a single operation. Cormontaingne, 
therefore, makes his favelins project considerably be¬ 
yond a line joining the salients of the collateral bas¬ 
tions ; and thus the enemy becomes unable to attack 
ihc latter until he has gained possession of the lormer, 
on account of the reverse fires which might from thence 
be directed upon his reproaches. The taking ot the bas¬ 
tions is therefore retarded by the time which must be 
spent in working up -their glacis after the ravelins have 
fallen. 

These were not the sole improvements now effected in 
the ravelin.. Cormontaingne observed, that in those 
works at Neu Brisack, Vauban had given such a 
breadth to them, that not only could the enemy there 
find room to establish batteries lor breaching the re¬ 
doubt, but the flatter was by this same reason dimi¬ 
nished to an almost insignificant size. He therefore 
reduced the ravelin to the smallest breadth possible,. 
consistently with the necessity of placing guns on it for 
the defence; and he augmented the size of the redoubt 
so as to render it even capable of being retrenched, and 
of covering from the fire of the enemy’s lodgement at the 
salient angle of the ravelin, the covpurrs, or traverses, 
which might be placed near the lower extremities of the 
faces of that work in order to prolong its defence. 

Cormontaingne also proposed to trade the demigorges 
of the ravci’in and its redoubt, in the directions of lines 
drawn from the flanked angles of the collateral bastions, 
through the interior extremities of the parapets of the for¬ 
mer works: by this construction there is free space afforded 
lor the fire of artillery in casemates formed in the flanks of 
the redoubt, into the breach made iu the face of a collate¬ 
ral bastion; and the passage from the coponniere into the 
main ditch is concealed from the view of the enemy when 
he has crowned the opposite crest of the glacis. To pfford 
to the covert-way, and particularly to the long brandies 
of it in front of the ravelin, a powerful support, which 
might enable it to oppose an obstinate resistance, and 
allow of sallies being made to destroy the enemy’s lodge¬ 
ments even after they were effected, he constructed ’re¬ 
doubts or retrenchments in the re-entering places of . 
^ arms, with revetted escarps and counterscarps, and for ■ 
. * this purpose he considerably increased the size of those 
places of arms. 

In any System of Fortification witii small ravelins,the. 
besieger has it in his power to breach, -at the same time, 
two bastions and the intermediate, ravelin: whereas iu 
the Method of Cormonjtaingne, it becomes indispensable, 
when it is desired to attack two bastions, to take three 
- ravelins; and the attack of one sole bastion entails that 
of the ravelins on each side of it; unless the place be 
surrounded by a polygou of a very tew sides.; Whenever 
the besiegers are able to breach aiid assail two bastions at 
once, .it is evident that the attention of the garrison must 
be divided and consequently weakened; and in this respect 
the System of Cormontaingne has a.dccided advantage 
over that of Vauban: for when the attack can embrace 
mi mote than a single baatiori and two ravelins, the en¬ 
ceinte being breached in one place only, the- defenders 


nave it m their power to concentrate all their forces at Fortified- 
that place, in order to oppose the last assault. But - ti«n., 
from the octagon upwards, tl, e necessity of attackin'- Wy-w 
severat ravelins can with great difficulty be eluded l,y 
this besieger; and this necessity increases in polygons .if 
a greater number of sides,' in proportion to the min-ni- 
iudo of their angles. Hence it follows, that when two 
or more contiguous fronts are developed upon the same 
straight litie, this property arrives at its maximum ; and 
that it becomes impossible to conduct the attack be¬ 
tween two ravelins against the covert-wny of a bastion 
by the . ordinary process. The property also which the 
ravelius .possess cf seeing, reciprocally, in reverse the 
enemy’s lodgement on each other’s .covert-way, increases 
also in intensity with the size of the polygou, and like¬ 
wise attaius its maximum on the straight line. The 
covert-way, with the exception of th$ places of arms and 
redoubts already mentioned, remains nearly the same as 
in Vaubati’s constructions. ' 

The figure of which we have made use on Plate ii. lo Modem 
‘ explain the names and uses of the different parts which 
constitute what is called a front of fortification, is con- 
strutted upon the Modern System, or iu other words, 
Connonttungne’s Method, with such- improvements os 
modern engineers have thought it ex}icdient to add. 

The ravelin is made to cover the shoulders of the has- . 
tions more effectually, and as great a projection is given 
to it as possible, consistently with the necessity of keep¬ 
ing its salient angle within the limit of sixty degrees. 

Each .of its faces is retrenched by the coupure» or cuts 
through the rampart ut pp, which prevent the enemy 
from taking the redoubt of the re-entering place of arms 
in the covert-way iu reverse, without first possessing 
himself of the redoubt in the ravelin: when the ubove 
retrenchments of course fall of themselves. The direc¬ 
tion given to the faces of the redoubts oo in the re¬ 
entering places of anus more effectually prevents the 
enemy from enfilading them, ibat is, ■ sweeping the 
whole of their length from batteries erected on the crest 
of the covert-way. The place of arms itself is here 
made circular, with the same view of avoiding the eufi- 
lude fire. . 

The chief of all these‘improvements is the increased jfs advui. 
projeetion and size of the ravelins; but the credit of tages. 
this cannot be justly claimed by modern engineers: it 
being \ve!l known that it was designed by Cortnon- 
taingne for his work of’BcIcroixabMetz; and thathe was 
only restrained by the French ministry of that day from 
putting ft into execution. Cormontaingne, likewise, had 
it in contemplation to make a difference in'the depth of 
the main ditch and that of the ravelin; from whence 
would have resulted three important advantages: 

I. The,ditch of the ravelin being, several feet less 
deep than the main ditch, the sudden declivity, which is 
supported by a wall, would prevent the enemy from 
turning the ravelin Vvlieu he shall have got into its' ditch ; 
and would, moreover, compel him to blow down the 
Wall, in order to make a descent into that of the enceinte, 

S. Under cover of the sudden declivity, the troops of 
•the garrison can circulate through the main ditch in per¬ 
fect, security until the enemy is established on the covert- 
way pf the bastion. , . 

' Si The’fire of artillery from the bastion’s face along 
the ditch of the raveliu is rendered somewhat more 
grazing, and consequently capable of producing a greater 
effect against the enemy when he gains on entrance into 
that ditch. 
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l'uriificn The revetments ere likewise proposed by modern 
engineers to be made vertical, as shown in the profile, 
%• 4, experience having proved that perpendicnlnr 
" escarps have some advantages over those to which a 
slope is given: ns on the latter (even on many of Van- 
ban’s construction, which have a slope equal only to one- 
fifth their height) weeds are found to grow,‘which. 
assist materially in their dilapidation. Many of the 
escarps above alluded to, in the French fortresses Which 
were built in the reign of Louis XIV., are already, from 
this cause, falling into ruin: whereas many vertical walls 
standing near them, and which arc of an earlier date, 
are still in good condition, exhibiting no signs of vege¬ 
tation .on them. It must not from this be concluded 
that Vauban was unacquainted with the fittest profile 
for a revetment. In fact, walls whose exterior faces arc 
formed with a small slope, better resist the shock of 
breaching artillery, than those whose fiiees are. vertical; 
and it may be added that the construction of the former 
is more economical than that of the latter, since, with a 
profde smaller in area, they present an equal resistance 
to the pressure erected ngainst them by the earth com¬ 
posing the rampart and parapet. It is probable, there¬ 
fore, that what are called vertical revetments can, with 
propriety, be only applied at the counterscarps of ditches 
which are," from their situation, but little exposed to the 
artillery of the enemy. Revetment walls are now occa¬ 
sionally strengthened by vertical or horizontal counter- 
arches. The former of these are portions of cylinders 
standing on their bases and connecting the tails of the 
counterforts; and their convexities are turned towards 
the.mass of the rampart, that they may l»e better able to 
resist its pressure outwards: the hitter are disposed in ■ 
tiers, one above another, mid rise from the sides of the 
counterforts: the arches stud countci forts are but slightly 
connected with the front wall, that when the latter is 
destroyed by breaching, it may hot bring down the 
others in its fall. 

General oh- What lias been hitherto said of the Systems of differ- 
jeetion* to cut engineers, relates exclusively to those in which the 
the Hastiua bastion outline has been adopted : but, although that 
. jswni. method, with trifling variations, hiis alone been reduced 
to practice, it is here proper to notice some objections 
which have been raised against it. Foremost among 
the opponents of the Bastion System stands the French 
General Moutalemhert. He was, however, not the first: 
for Werthmuller, a. d. 1685, and after him Lundsbcrgcn, 
Augustus ri. Flector of Saxony ami King of Poland, 
IJollershcim, and Herbert, had written upon the supe¬ 
rior advantages of a line of rampart which should pre¬ 
scut a succession of salient and re-entering angles. Into 
the value of the reasonings which have been ofFered in 
favour of such a disposition of the rampart, both on the 
ground of economy of construction and powers of de¬ 
fence, it is not here our province to enter. But though it 
may be easily proved that the Bastion System is not 
without many delects, yet, when the infrequency of 
, opportunities for the erection of entirely new fortresses 
is considered, it need not excite our wonder, while we 
avo^ to prejudge the question of comparative merit, 
that the proposed outline has never, in any instance, 
been practically tried to supersede those methods of 
fortifying which have so long been in use. 

Suggestions j t n ,ust, however, be confessed by men of all opi- 
JeinK-rtfor nions > t1,at n0 Author on the Art of Fortification has 
its altera- exhibited greater ingenuity, than did General Montalem- 
tion. bert ip bis numerous, and varied combinations of the 
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casematcd System of alternate salient and re-entering Fortifica- 
angles ; or in other words, the casematcd lenailtc Sys- ti ° 0, 
tem, which he -published a. d. 1776. Several enceintes 
situated within the main ditch; a formidable artillery See 8e ’ 
placed in bomb-proof casemates; and these serving 
likewise as a cover for the garrison, for stores of every 
kind, and even for the inhabitants : stich is the system 
which the author proposes to substitute for that of Vau¬ 
ban, the defects of which, he observes, are acknow¬ 
ledged by the best engineers. Vauban dearly showed 
that his Art of Attack was much superior to liis Art of 
Defence; and he left to posterity the task of remedying 
the imperfections of the method which he had followed : 
in attempting which it is evident that two conditions 
must be adhered to; first, that the new method shall not 
be more expensive; and secondly, that it shall not 
require a stronger garrison than the old one. To 
increase the means of defence under these limitations, is 
the problem which Moutalemhert proposes to solve. We 
-shall not undertake to analyze the systems contained in 
the whole of his eleven quarto volumes, composed, it is 
said, after he was sixty years of age : but shall confine 
ourselves to a cursory view of one or two of his prin¬ 
cipal -contrivances, referring the curious reader for the 
rest to the Work itself. 

After pointing out the defects of the Bastion System, 
as executed in most fortresses, Mont'alembert proposes 
suppressing the tenaille ami curtain, and producing tire 
faces of the bastions inwards to their junction with the 
flanks of the redoubt in the ravelin, likewise produced 
inwardly. A hundred tomes of rampart would by this 
means be saved; the flanks would be better covered 
than.they ore at present; and their fire would be more 
certain, because the line, of defence would be so much 
shorter. But if it be desired to preserve the same length 
of line of defence, by producing the faces outwards an 
exterior side of three hundred and six toises would be 
obtained for the side of a heptagon, inscribed in the 
same circle as a dodeciigon whose sides are one hundred 
and eighty toises long in the Systems of Vauban: 
whence would result- for a defence equal, as he asserts, 
to the latter in other reajiects, a saving of one thousand 
thrce.hundred and thirty-six toises* of rampart in the 
body of the place. By adding to this the suppression of 
five ravelins and as many redoubts, there would be 
economized eighteen thousand nine hundred and twenty 
cubic toises of masonry. 11 is true that such a" fortress 
would have hut one enceinte like most others in actual 
existence, which being once perforated would leave the 
garrison without resource; and for this reason the • 
author proposes «» a second System, said to be <!• t 
ailerons, to form a triple enceinte within' the mo In ditch, 
by producing the curtain to'the capitals' of the bastions. 

This enceinte he.defends by a easetnatc placed behind 
the redoubt of the ravelin ; to the faces of which redoubt 
he adds flanks defending the ditch. The retrenchments 
‘of the bastions constitute the second enceinte, which is 
defended by the wings annexed to the redoubt; and he 
places a en ameled traverse across each face of. Ids rave¬ 
lin. All the communications between the different 
works are well covered 4 and all objection to dead angles 
is done away with by an appropriate arrangement of 
casemates. The small-space On the rampart of the 
ravelin, and on that which is substituted for the bastions* 

• faces, will scarcely allow of artillery being placed on 

* The torse to equal to 6.3945’Sngfiih feet. 
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FortiSea- them by, the besieger, with a view of opening the worlts 
tion - within: he would besides, in such a situation; be bat- 
v **'^*”' tcred in front and in flank within pistol range. Works 
arranged in this manner, although less expensive and 
easier to defend ‘properly, tire nevertheless greatly ex¬ 
posed to ricochet and shells; and Montalembert, de¬ 
sirous of procuring cover in old- existing fortresses from 
the destructive effects of the latter, proposes making in 
thorn the following alterations. ' 

.F'ff- 19 lie would separate from their rampart the revetment 
ajul 20. W a!ls of the escarp both of the bastions and ravelins, 
which may bo supposed, as represented in fig. 19, to bie 
those of a front of fortification constructed according to 
Vauban; and proposes to make the exterior slope of the 
ramparts of earth. lie would lower the escarp walls, 
(as shown fig. 20,) lengthen the buttresses or counter¬ 
forts, and make use of them as piers to the vaults- 
which are to cover the batteries; by this he would 
obtain casemates open in rear and uriinconvcnienced by 
smoke. The tenaille is to lie suppressed; and the cur¬ 
tain, as well os the retrenchments of the bastions, is like- 
. wise to be casemated for both cannon and musketry. 
A wail of masonry, traverses, and loop-holed guard- 
rooms, add to the? interior defence, of the bastions and 
ravelins. Another species of retrenchment which ho 
proposes, is a casemated tower in tho gorge of the bas¬ 
tion, by which the defence tnay even be continued after 
the capture of the place. Either one or the other of the 
above dispositions would, he conceives, oppose almost 
insurmountable obstacles to the construction of breach¬ 
ing and couuter-hatteries against them under such a 
powerful and covered tire, of cannon and musketry. 

After giving his attention to tho means of improving 
already existing fortresses constructed upon the old plan, 
Mcmtaletnbert allows full scope to his genius. lie adopts, 
what he calls the tenait.i.e system; and considering 
the defence of places to depend upon the greatest number 
of covered .fires that con be opposed to the attack, he 
places casemates in all the re-entering angles of his 
S«e fig, 21. wet, and also at the angles of his dry ditches. The faces 
of the tenailles are formed of a double case muted 
wall, behind which extends an earthen counterguard, 
whose interior slope falls into a wet ditch. A dry ditch 
encircles this counterguard and wet ditch, and passes 
along the foot of the capital rampart, the gorge of which 
Is retrenched hy a loop-holed wall, and by a case mated , 
tower with an angular base. A general eountergqard, 
or earthen rampart, surrounds the main ditch ; and in 
its re-entering, angles there are caseinates, covered by 
lunettes with casemated flanks placed upon the conn-,, 
terscarp of the outer ditch. The communication from 
the. body of .the place to the outworks, through, the . 
wet ditches is by a cistern-like caponniere, the cover 
of which serves moreover as a bridge. .This double ‘ 
communication may easily be rendered useless to. the 
enemy by cutting away or demolishing a portion of the 
bridge, and inundating the caponti&re by means of sluice¬ 
gates at its junction with the place. 

The advantages which the .Author, claims for this 
system are as fofiowB: - • 

1. The' enemy will have to penetrate through fonr 

enceintes, of which, the (hree principal ones are within 
the grand ditch, and under the fire of a numerous artil¬ 
lery unseen, and, consequently, indestructible, bythc 
enemy's batteries in the covert-way. „ 

2. The covered fire of artillery which it opposes to the 
. construction of breaching or connter-batteries, is superior 
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to that which tins enemy can bring, both in number and Fortifier 
in the advantages of cover: so that the execution of t*°n- 
those batteries will be a matter of extreme difficulty, if ' m m m v*^ ,/ 
not altogether impossible. 

3. Its communications with the outworks are safe; 
and thus the operations of tho troops are greatly facili¬ 
tated. 

4. The tower and loop-holed wail at the gorges of the 
tenailles, serve os a last retrenchment, when even the 
enceinte has been carried. 

5. The troops and stores arc amply and safely covered; 
and have nothing to apprehend from conflagrations, 
which too often prove destructive to the defence. 

The celebrated Carnot was a zealous admirer of Mon- Carnot’s 
talembert’a talents, and publicly espoused his cause System, 
against the enemies of all innovations ot improvements fi t5- 22, 
in the Art of Fortifying. The construction which he 
proposes is a System of casemated tenailles covering the 
body of the place, as in fig. 22 . lie places at the salient 
angle of the interior rampart a casemate containing one 
gun, tp batter tile saps which may he directed along the 
capital, and also two pieces of cannon upon each face 
and flank. The’ object of these last is to take in reverse. 
any batteries opened against the faces of (he collateral 
salients: two-splinter proof batteries accompany the 
above casemate with the same object. The second en¬ 
ceinte consists bf a counterguard merely broad enough 
for a parapet and banquette, so that the enemy cannot • 
place cannon upon it. Its relief is so regulated that it 
may cover the casemate at the salient without masking 
its reverse tires ; tho covert-way is reduced to the breadth 
of two banquettes; and a single traverse protects its 
blanches. The ditch of the body of the place is defended 
by a casemate; the under story of which. A, (see fig. 23,) Fig. 21 
receives air by means of a ditch, B : this casemate, ex¬ 
tends beyond the alignement of tile ditch, (see the plau, 
fig. 22 ,) in order to see the breach in reverse, and be 
itself unseen. The upper story alone is continued (on 
a level with the country) as far as the alignement of the 
covert-way, in order to defend the ditch of the counter¬ 
guard: which ditch is terminated by a gradual slope 
towards the re-entering angle; and here the counter- 
guard is but u mere parapet sufficiently elevated to cover 
the revetment of the body of the place.. An opening is 
made in this parapet for the egress of sorties, which may 
also be made through posterns contrived udder the 
shoulders of (he counterguard*. By this arrangement 
tho besieged have the advantage of being able to make 
sorties both of infantry and cavalry with great facility, 

Who issue from file ditches by the slope or ramp, which 
terminates, as already-mentioned, at the re-entering 
angle; and even in the event of a repulse they would 
derive great protection from the salients. Cavaliers are . 
placed at the gorges of the tenailles; if necessary; and 
these gorges are closed by defensive barracks and by 
loop-holed walls, calculated to stand an assault advan- 
. tageously, or at least to compel the enemy togrant ho¬ 
nourable terms of capitulation. 

Carnot subsequently recommended a system of works 
which very nearly resembles that proposed by Corraon- 
taingne. Its principal bastions, whose salient angles are 
distant from each,other tour hundred and eighty yards, are, 
however, detached from the body of the place, and cover a 
„ range of casemated batteries at the gorge of each. The 
bastions are.themselves covered by narrow counterguard*; 
and a vast ravelin, having in f ts interior a Jo/ly redoubt or 
cavalier, covers the intermediate space. These works are • 
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•IVtificj- of earth: but one detached loop-holed wall surrounds the looprholed wall before mentioned, which from its height 

t tlU11, . bo«iy of the place; and another is placed before the faces will be not only difficult to escalade, but more difficult 
n «d flanks of each detached bastion. This distinguished to descend on the interior side; while, being covered .by 
Mathematician and Engineer here dispenses with the the exterior works, it was supposed to be secure against 
coveVt-way; and he has made the exterior sides of the ditch any attempt of the enemy to breach' it. To this may be 
to surround the fortress in the form of a glacis, sloping added, the benefit arising from the counterslo'ping 
downwards from the level of the natural ground. glacis: which is not only convenlent from the facility it 

The principal means of defence proposed by Carnot would afford to the defenders in making sorties; but 
consist in a scries of engagements with the enemy by because it would.expose the trehches formed in it by 
powerful'sorties ; and an abundance of vertical fires, of the besiegers to a plunging fire from the ravelin and 
stones or small balls, made from thirteen-inch mortars couuterguards. It ought to.be observed, however, that 
placed at the salient angles of the works, aud in the the former of these advantages are compensated, by a 
casemates in rear of the bastions: by all which the corresponding facility afforded tp ihe enemy when de¬ 
enemy, who is supposed to he collected in great numbers scentling into the ditch to surprise-the works; aud since 
between the third parallel and the place, will be com- the principal ramparts are without revetments of nia- 
pelled to cover his lodgements with blindages, or roofs sonry, it is evideut that, after the detuehed wall is 
made of fascines ami earth. A fire of musketry made breached, which some experiments purposely made at 
at an angle of forty-five degrees with the horizon up- Woolwich have proved possible, the enemy’s troops, 
wards is also recommended ibr the purpose of annoying entering by the breach, may extend themselves along 
the assailants behind their trenches. Among the pro- the front of the interior work, and mount in line over its 
posed advantages of this system may be ranked the ol>- parapet, 
stacle which the.enemy must experience in passing the 


PART III. 

ON TnE MEANS OF INCREASING THE STRENGTH OF FORTRESSES. 

CHAPTER I. 5thly. Detached pieces : or works placed so as to com* 

Nature of these Means. TOa,,d lh „ e accci3 to tl,c l J,ace > ftlu, °y lhe eiKm y will ‘ 

J reverse fires. 

Aiumcution Wiixt has been Hitherto said relates only to the con- Gthly. Inundations : which drown the enemy’s works 
of ix]vwU- situation of different works immediately enveloping the at the commencement of the siege, and ultimately carry 
cuts for in- spots fortified ; or in other words, to that of the body of ’ away his fascine passage across the ditch at the moment 
creasing the t j ie place, with its simple appurtenances of tenuities and of his meditated assault. 

fortresses” ravelins. We shall now show the different expedients 7th!y. Defensive mines, or countermines: which force 

by which the strength of this envelope may be increased, the enemy to have recourse to the slower and more 
But it should first be observed, that many places owe to minute proceedings of subterraneous warfare to make 
the nature of their situation such advantages, as it would sure his footing upon the surface, 

be difficult to procure by any contrivance of Art. We Sthly, and lastly. Casemates may likewise be in- 

have a strong exemplification of this in the rock of Gib- eluded in this enumeration : notwithstanding the objee- 

rallar; and in a part of the country surrounding the tions which many authors have urged against them, 

fortifications of Luxembourg: at the latter place, a bare . All these, may either be employed separately, or corn- 
rock extending over the accessible ground would, on bined in different manners. We may nevertheless ob- 

account of the total impracticability of sapping in such server; that with the exception of inuudations and miues, 

a surface, oblige., the besiegers to brin£ with them front which can be applied to all kinds of places, according as 
a great distance their means of cover. the soil is best adapted to one or to the other, the use of 

Art possesses,nevertheless, many resources independent the rest must depend upon the magnitude of the fort- 

of those derived from Nature, and contributing to the ress. For instance, interior retrenchments, as they 

tiAciul same end. It may augment the duration of the're- diminish, the total space within the works, are but ill 

means for si stance of a fortress by someone or more among the suited to small fortresses. Great exterior works, on the 

tliis pur- following means: ' • contrary, become such places peculiarly, owing to the 

T oie ’ 1st. Interior retrenchments: behind which the garri- .. increased area which they afford for military cstablish- 

son, trhen beaten from, the principal works, may renew m'ents. Hie case is far different with counterguards and 
tbo defence. advanced covert-ways ; which, requiring mi augmeuta- 

2djy<^ Counterguards: winch must not ohly be taken, lion of defensive means, without furnishing additional 
but evdn destroyed, before the works which they cover room to contain them, would only tend to multiply the 
cad be'touched confusion and insufficiency of the interior resources; and 

* • 8dly. Great exterior works: which, as they cover one such works are therefore only properfor large fortresses, 
or more frpats, force the enemy to a preliminary siege r On the other hand, a fortress, which.from its size might 
before he can arrive at those points. ^be accounted of loo great an extent, should in preference 

4tldy., An advanced covert-way: which must be carried i bo reinforced by interior retrenchments, 
before the interior one can be attacked,' 
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CHAPTER IT . 

Interior Retrenchments and Counlerguards. 

Interior retrenchments are works either constructed at 
Interior re* the same time as the fortress itself, and constituting a 
trench- part of its system or else thrown up hastily during the 
incuts. siege to prolong tire resistance, by cutting oil', the part 
of the rumpart breached, and permitting the defence to 
• be commenced anew behind a-fresh obstacle. The in¬ 
sufficiency of such works when hastily constructed of 
loose soil; and the superior advantages vvhiclt might be 
expected to result from their being carefully made before¬ 
hand, and revetted with masonry both at the escarp and 
counterscarp; were the reasons which induced Vauban 
to deviate from his usual mode of construction when or¬ 
dered to fortify I.,andaii. He accordingly separated the 
bastions from the-enceinte, thereby converting the latter 
into one great interior retrenchment. Where such 
means of safe retreat exist, the garrison may with secu¬ 
rity stand the assault of the body of the place: they 
arc therefore a most essential means of adding- to (he 
defence, and by them alone can the besieger be com¬ 
pelled to epaule himself across the ditch, and to make 
Ins lodgement iifmn the summit of the broach ; which of 
all the operations of the siege are the most difficult and 
dangerous. The case is still worse if the retrenchment 
be of subli solidity as to compel (lie enemy to use can¬ 
non, or the nline, in order to breach it. The difficulty 
of transporting heavy guns across the ditch amt up the 
breach under the fire of the opposite flank, would 
naturally induce the besieger to preler resorting to the 
latter expedient. But this being of much slower exe¬ 
cution, the troops in his works on the crest of the 
covert-way, or occupied in the passage of the ditch, or in 
the lodgement on the breach, must all the while lie ex¬ 
posed to great loss, under so close a fire of ttie garrison. 
Sometimes These were undoubtedly the considerations wliich in- 
cninpowdor duced Corinonuingne to make in the bastions most 
f-iintof for- cx i M,su< l to attack, good permanent retrenchments with 
Plication, revetted escarps and counterscarps : and according to 
the shape of the bastions lie regulated that of the re¬ 
trenchments. When the obtuseness of the bastion left 
a considerable space between its shoulders, the form 
which he gave to the retrenchment was that of a small 
front of fortification: extending between two points 
taken on the faces at twenty or thirty yards from either 
shoulder, in order to preserve the whole length of the 
flanks for the purpose of defending by their fire the 
ditches and covert-ways of the collateral bastions. A 
retrenchment of this sort, with a ditch twelve yurds wide, 
and surrounded by a covert-way, having a re-entering 
place of arms in its centre, would certninly be of great 
advantage in the defence : particularly if care were taken 
to give it a command of two or three feet over the faces 
of the bastions. It would enable the breach in the 
bastion to be defended with the greatest obstinacy, by 
the assurance with which it must inspire the troops of 
a safe retreat, if ultimately overcome. .Besides, as the 
Bpace included by -the faces of the bastion diminishes in 
width the nearer it is to the flanked angle, it follows 
that, the retrenchment occupying the greatest apace, the 
besieger is always out-flanked and .combated by a 
superior force, during his approaches from the top of 
■ the breach towards the counterscarp .of the retrench¬ 
ment: the very reverse- of the superiority which the 
besieger has enjoyed during the whole of the prev ious 
operations of the siege. The nature of tltjs retrench* 
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ment also entails upon the assailant the necessity n f Fertifica- 
repeating the operations of crowning the covert-way, 
pussing the ditch, and brent-lung the work, since we ’ 

have supposed that both escarp and counterscarp are 
revetted. Such arc the difficulties which he must 
overcome if he should attempt to breach by cannon. 

If lie choose the mine, he may meet with still greater 
obstructions from the defensive mines which the be¬ 
sieged may have prepared under the point of his bastion. 

So that,-upon the whole, it does not appear that any 
exterior defence can be preferred to this species of re¬ 
trenchment, which upon a fair valuation may be con¬ 
sidered capable of adding twelve days to the defence ; 
exclusively of the benefit which might accrue from the 
existence of mines underneath tile bastion. 

When, by (he acuteness of the flanked angle, the Rcficudtcd 
interior space did not suffice for constructing t lie re- cavaliers. 
Irenclnueiit in the form of a small front of tbit ideation, 
with proper dimensions and relief, Cormoutuingne gave 
it tlie shape of a cavalier. The faces and ditch of the 
cavalier were defended by coujrures cn retirade, or 
chequered retrenchments ; the foremost of which cut 
tlie face of the bastion near the shoulder, and the o.ther 
was sufficiently thrown back to prevent any part of the. 
cavalier from being dead or deprived of fire. Tlie. 

Cavalier bad a command of eight feet over the bastion : 
but the coupures were on a level with the latter. This 
suit of retrenchment, although much better calculated 
to second the ellbrts of the bastion during the early 
part of the attack, is much less so when it becouus 
necessary to defend tlie space between it and the bas¬ 
tion. (l therefore merits much consideration as a cava¬ 
lier, and but little as a retrenchment. As the want of 
space between tile cavalier and the bastion makes it 
impossible to have a covert-way, the defenders of the 
breach will not have sufficient room*and their retreat is 
not made good. Tlie defence will therefore be neither 
obstinate nor animated. Besides, the narrow space be¬ 
tween the counterscarp and the breach maybe laid open 
by tile enemy’s mines : which will project the rubbish 
into the ditch of the cavalier, enabling the bitter to be 
breached by the same batteries tiiat breached the bastion, 
and thereby spare the besieger both trouble and time. 

It may therefore be repeated that, although this sort of 
retrenchment has the property of increasing the be¬ 
sieger's loss during the early part of the attack, the first 
has tlie more essential one of augmenting the duration 
of tlie siege, anil making its cud more disastrous to the 
assailant. The cavalier affords, nevertheless, the means 
of constructing under the mass of its terreplein good 
bomb-proof establishments; and this may ill some cases 
cause a well-founded preference to be given to it over 
the other sort of retrenchment, which moreover cannot 
well be applied to bastions of a small size, owing to the 
narrow space between the shoulders. . Two journals are 
given by Bousmard of the attack ofu cavalier: the first 
case supposed being that in which there is sufficient 
space in front of the work for’ placing breaching bat¬ 
teries ; and the second that wherein, from want of room 
for such batteries, the enemy would be compelled to 
have recourse to mining, in order to effect a gap for the 
purpose of breaching through it with .the smiie^ battery 
which opened the bastion itself’. In the former instance 
the work is deemed capable of a resistance of only six 
days, and in the latter of eight: being two days in favour 
of the smallest space between the cavalier and bastion. 

A retrenchment en tenuilie is made by uniting the 
2 a 
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Twtifica- two shoulders of the bastion,—or. rather two points 
tiuii. taken on the faces at a few yards from the shoulders,— 
by two lines forming an obtuse re-entering angle, The 
uu'liiTen* ^* lc ^ °* retrenchment is made ten yards wide, and 
tmaille, rl escarp and counterscarp, which are of masonry, have 
a height of eighteen feet. The parapet is on a level with 
that of the bastion, The communication made in the 
re-entering part is covered by a traverse, and provided 
with strong barriers, which is considered a better con¬ 
trivance than a postern and stairs. But a tambour, or 
species of redan made with strong beams, may be con¬ 
structed during the siege, as a t&te, or immediate cover 
to the little bridge of communication. This retrench¬ 
ment, infinitely more simple and less expensive than 
those already described, answers the object just as well, 
for it suffices to arrest the enemy’s progress, and induce 
him to grant a capitulation; at the same time that it 
affords the besieged more space for an actiyc resistance : 
that is, by sallying in greater numbers and attacking 
him in his lodgements, instead of remaining passively 
behind the parapets. 

Rectilinear Another retrenchment still remains to be noticed; 
Munich- ail( j th a t is the rectilinear retrenchment across thegorge 
tiic ircriw tire bastion. Dufotir (a modern author and en- 
1 h ‘ girieer) thinks highly of it, and appears inclined to give 
it a decided preference. In the first place, it is econo¬ 
mical ; and being inure distant from the breaches, it 
defends them better, and is itself less exposed to a sudden 
attack. Secondly, it leaves the interior of the bastion 
unincumbered. Thirdly, it may possibly be made to 
receive a defence from the two collateral bastions; if 
the besieged take care to demolish a portion of the 
parapets of the flanks at the moment the assault is to 
be given. • This lust advantage will suffice to retard the 
taking of the place two days: for when the defenders 
of the breach are compelled to retreat, the enemy’s 
lodgement on its crest will receive a triple battery, two 
from the collateral flanks and one from the retrenchment 
itself. This, it is just to suppose, will force him to 
adopt measures of circumspection of a more than ordi¬ 
nary nature, to avoid being taken in flank when sapping 
up to the retrenchment. The besieged may therefore 
securely wait the moment of the enemy’s establishing 
his cannon, to demand a capitulation. An oblique 
passage may be made at each end, directed upon the 
angle of the shoulder, thereby avoiding the enfilade from 
.the lodgement on the breach. Each of these passages is 
covered by a palanque, or tambour, to ensure the re¬ 
treat. The retrenchment at the gorge has the evil of 
diminishing by one-haif the length of the flank: but 
this is obviated by leaving, entire and full, all that part of 
the proposed ditch nearest the flank, with the intention, 
nevertheless, of removing the mass in a moment of need, 
and of applying it to the formation of those portions of 
parapet, which, (hr-the above reasons, have also been teA 
incomplete. This will entail but a very trifling increase 
of labour, as it need only be done :u the bastion or 
bastions attacked ; and the trouble will be still less con¬ 
siderable, if the engineer, in constructing the place, has 
taken care to produce, as far as the flank, the masonry 
of the escarp and counterscarp of the retrenchment. The 
only part therefore which will be in permanent existence, 
is that comprised between the two passages. The two 
extremities may, until needed, be kept level with the 
tenreplein of tile bastion. The defence of a retrench¬ 
ment thrt3 situated will be more powerful, if the work 
be constructed, in the form of a front of fortification •, 


and, that the flanks of the retrenched bastion .may be 
left entire, it will be only necessary to place the work in 
rear of the gorge, terminating its two faces in points 
taken on the curtain at twenty or thirty yards from the 
angles of the flanks. By this construction also the re¬ 
trenchment remaiiia unturned, if a breach should be 
made in the curtain by firing between the tenaifle and 
the flank of the bastion. 

Counterguards are works solely destined to cover Counter- 
others of a more important nature: in such a manner guards, 
that, without obstructing their Are, they shall preserve 
them from being breached until the counterguards 
themselves have fallen. The besieger will likewise be 
compelled to erect batteries on them, or else partially to 
destroy them by mines, in order to breach the principal 
works through the gaps produced from the explosions. 

The counterguard must, therefore, in the first place, 
completely cover the principal work, or at least all that 
part which may be exposed to breaching. It must be 
lower than the work which it covers, but'must, neverthe¬ 
less, screen its revetment. Aud, lastly, it must be made 
sufficiently narrow to prevent the enemy from finding 
room on it to place his batteries. As for the first condition, 
that of covering completely tlie principaP works, it must 
be observed that the eouuterguards of’ the bastions, 
being terminated at the counterscarps of the collateral 
ravelins, always expose tbe.baauons in rear to be breached 
through the trovee or opening of the ditthes of those 
ravelins: unless, with a view of obviating this evil, 
counlerguards be likewise applied to the ravelins; but 
then these terminating also at the counterscarps of the 
counterguards of the bastions, leave un opening through 
which the ravelins may be breached. It may therefore 
be considered a radical defect, inherent in such works, 
that access is always given to the enemy’s breaching 
batteries against one or another of the principal works 
which they are destined to cover. It is true that the 
spots where such breaches are-practicable, would lie but 
difficultly reached by the enemy, and therefore the evil 
may perhaps be disregarded : except when it aflects the 
body of the place, in which any kind of breach being 
productive of serious apprehension, is always dangerous, 
and seldom fails to serve as a pretence for capitulating. 

Besides the condition of covering the revetmeut of the 
principal works, without nevertheless obstructing their, 
action upon the approaches, the counterguard must have 
all its interior commanded by the fire of that work. 
Whence it is evident, that the greater or less degree of 
command of a work over its couuterguard must depend 
. upon the breadth of the ditch which separates them. A 
work only fourteen yards broad between its escarp 
and counterscarp will not allow an enemy to construct 
any battery upon it, if its face be seen from any other 
which projects beyond it: because he must cut away 
the parapet of that which he occupies to obtain materials, 
for the epaulemcut of his battery, and to make room for 
bis guns: and this will evidently expose him to a reverse 
fire from -ae.h collateral work. 


CHAPTER III. 

Exterior, Advanced , and Detached Works. 

Great exterior works owe their origin to the desire of Great «• 
occupying some important space in the immediate vici- toit, rwurka. 
niiy of a fortress: as for instance, a neighbouring 
freight; the opposite banks of a river; or, in short, any 
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Fortifica. portion of ground, the possession t>f which might procure 
tion. some advantage, or remedy some defect. Such defences 
s— *"v'""-'' have since been constructed, however, under circum¬ 
stances which seem to .indicate a mistaken notion that, 
by multiplying the number of works about a place with¬ 
out judgment or discrimination, its strength is propor¬ 
tionally iucreased. Marolais complained bitterly of the 
abuse made of these means, and not without reason : 
since no less than three hornworks were crowded upon 
one sole front of the small fortress of Juliers, (a. n. 1611,) 
when the place was threatened with a siege. Besides 
the immoderate use made of hornworks and crovvnworks 
at the period of their invention, the manner of placing 
them was highly defecti ve. For, their branches‘being 
directed upon .the body of the place, and their ditches 
opening into the main ditch, it followed that the enemy, 
when once established upon the crest of tlie covert-way 
of the horn or crown work, could see and breach the 
wall of the enceinte through the opening of the ditches 
of the branches. To obviate this defect, Vauban pro¬ 
posed placing them with their branches and ditches 
directed upon the ravelins, which, however, only pal¬ 
liated the evil by transferring it from the enceinte to the 
outworks, Gre;y. exterior works, nevertheless, were so 
placed by his directions, for the first time, at Dunkirk, 
at Fort Nieulai, at Retort, and at Huningeu. The 
best position that can be given to these works, when 
their construction cannot be avoided, is beyond the 
main glacis ; having their own glacis blended with the 
latter, and their gorges well secured'against surprise. 
By this arrangement, the evil of their affording an 
opening through which any revetment can be breached 
is avoided; and the enemy will, moreover, after he is in 
possession of the work, be compelled to repeat the 
most perilous operation of the attack, that of crown¬ 
ing the covert-way. 

Hornworks, When these works arc composed of two half bastions 
and a curtain, they are called hornworks. When their 
head, composed of a bastion and two half bustions, 
forms two fronts of fortification, they receive the name 
Crown- crownworks. When composed of two bastions and 

works, two demi-bastions, the name of double crownworks is 
given to them : it is evident that the addition of another 
bastiou would produce a triple crownwork. But when 
these works, instead of being terminated by long 
m.inches, are connected with the place by their extreme 
fronts, which not only defend themselves but are de* 
amt Cou- fended by the works of the place, the name of conronnde 
ronnci'K. is given to them. Such are the couronmfe of Landau, 
anil that of Yutz at Thionville. The horn work, if its 
ditches open into the main ditch, and its branches rest 
upon the body of the place, unless there be some circum¬ 
stances of peculiar advantage in its situation, would 
rather weaken than add to the defence. If its ditches 
open upon those of the ravelin or other outworks, it 
may add six or seven days to the siege. It will add 
twice as many if the work be placed beyond the glacis, 
as above mentioned. The crownwork, although it has 
two fronts, adds nothing to the resistance of the part 
which itcovers, if its ditches expose the walls of the latter. 
If placed upon outworks it may prolong (he defence 
about eight days; and twice as long, if placed beyond 
the glacis. The double crownwork, as it consists of three 
fronts upon a straight line, or on a line nearly straight, 
is capable of a much better defence, and will even add 
to the resistance of the place, although its ditches should 
open into that of the latter. This increased resistance 


may be fairly estimated at eight days, when the ditches Fortifier 
open into those of the outworks; and at twice as many tion. 
when they only open upon the glacis. The couronnee, v — 
indeed, as it may be Considered in the ligiit of a portion 
or segment of a fortress, may possibly be stronger than 
the plate itself: this, however, will depend upon the 
manner in which it is applied. If its ditch is made to 
open into the main ditch, it will be defective : but this 
junction is generally so contrived that the trouees or 
gaps may not enable the enemy to breach through them. 

In the former case, the only delay will be that required 
for erecting breaching batteries in spots where they may 
act through those gaps, and this will but amount to five 
or six days, which will be doubled if the couronnee rests 
or is directed upon outworks. In short, the full influ¬ 
ence of the couronnee, in adding to the resistance of the 
works which it covers, will only be felt when it is placed 
beyond the glacis. The above estimate of the value of 
the different great exterior works, is that giveu by Boua- 
mard, in his Emai General de Fortification. 

If, in consequence of a rivulet passing along the foot Advanced 
of the glacis,. the making of sorties from those fronts covt 'd- 
should become a difficult operation, it is usual to con- wa f s- 
struct, on the other side of the stream, another covert- 
way performing the same office as the original one. In 
it are placed the advanced posts to watch the enemy’s 
movements; troops destined to act upon the offensive 
are assembled there to make their preparations for the 
attack-; and they retreat-into this advanced covert-way 
as into a place of refuge in the event of discomfiture. 

If the advanced covert-way is ’ situated before a portion 
of the eiiceinte, the fronts of which are nearly on a 
straight fine, and if its salients are supported by ad¬ 
vanced lunettes, ‘it will give the enemy as much trouble 
to take it as the original covert-way itself. The place 
will therefore experience by this addition to its works a 
sensible advantage : since the besieger, after capturing 
the advanced covert-way and lunettes, must renew 
operations upon the inner glacis against the ravelins 
and their covert-ways. The advanced covert-way, be¬ 
sides affording the lunettes security against a surprise 
and their salients an immediate defence, renders them 
more efficient works, and capable of a more protracted 
resistance than if not so enveloped ; and these proper¬ 
ties in the advanced covcrt-way have caused jt to be 
employed as a means of increasing the strength of a 
place, even in cases where no such necessity existed 
fur occupying ground beyond a rivulet. Rut these 
advantages only exist under the particular circum¬ 
stance of the fronts being developed upon a straight or 
nearly straight line, with their extremities resting upon 
natural obstacles. For without these conditions, the 
advanced 'covert-way which might surround a fortress' 
altogether, as it would have a developement much 
greater than the ordinary covert-way, would likewise 
have branches longer aitd more liable to .the ricochet. 

To this disadvantage may be joined that of being only 
defended by ute lunettes ; as the fire of the place must 
cease as long as the advanced covert-way is occupied. 

The great distance between the salients, which should 
afford each other a reciprocal defence, may also be 
mentioned as a serious defect. A work of this kind 
may, therefore, without much difficulty, be carried by 
storm, and would require the besieger to make but 
two parallels, and to break ground at a small distance 
; from tile salients. From which it appears that the 
construction of a general advanced covert-way round 
2r 2 
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Fortifies- a place, at least when fortified on an inferior polygon, 
tam. would be productive of no real benefit to the besieged; 
and the expense would nevertheless be greatly in¬ 
creased. We may therefore (says Utifimr) establish as 
a principle, that an advanced covert-way can only he 
made before a portion of the enceinte not likely to give 
it an excess of dcvelopenicnt, and that even (hen care 
must be taken when constructing it: 1st, That the 

• narrowest space enclosed between the two covert-ways 
shall not be less than sixty yards wide. 2dly, That 
every part of its counterscarp shall be revetted; and 
that this revetment shall be of a nature to force the 
enemy to make a descent into the ditch, and shall put it 
out of his power to surprise and storm the lunettes at 
their gorges. 3dly,That the places of arms be provided 
with small redoubts in which the defenders of the sa¬ 
lients may find a safe retreat. -Ithly, That the advanced 
coveil-way be not as high as that which it surrounds, in 
order that the enemy, when he has reached the crest of 
the former, may be unable to see into the latter. 5thly, 
That the faces of the lunettes he always flanked by the 
salient parts of the ravelins or bastions. It is no easy 
matter to adhere to all these conditions on a level 
country; and it can only be done by giving to the 
covert-way of the place a more than ordinary degree of 
relief, and by producing its glacis beneath the natural 
level of the soil, as far as the counterscarp of the ad¬ 
vanced covert-way, thereby enabling the latter to have 
a greater height. The glacis of .the advanced co- 
vett-way may in a great measure be formed of the 
earth so excavated. Recourse may be had to this 
method of lowering the ground by producing the 
glacis, for the purpose of establishing JuncUos of which 
the gorges shall have' sufficient height to prevent esca- 
ladc, without elevating their crests too much above the 
level of the country. 

Lunettes. The lunettes above alluded to are a species of ravelin 
usually placed upon the salients of the covert-way to 
flank the approaches. Where there is an advanced 
ditch, the lunettes are placed upon its borders, but 
where no such ditch exists, they are situated at the foot 
of the glacis. The lunettes themselves have a ditch 
twelve or fifteen yards wide, surrounded with a covert¬ 
way, to screen their revetment from the enemy’s distant 
batteries? and prevent them from being stormed at the 
gorge. A series of good lunettes judiciously disposed, 
should afford an excellent defence. It is calculated that 
such works, on polygons of ordinary size, may add ten 
or twelve days to the defence, and considerably more 
when the angle of the polygon is very obtuse. Their 
advantages are chiefly these: they compel the enemy 
to break ground at a much greater distance from the 
place; and as a preliminary siege must be gone through 
to take them, ere that of the place itself can be said to 
have commenced, the defence is prolonged by all the 
time consumed in their attack. These works are, nevor- 

• the less only adapted to large fortresses \ us (hey need 
an employment of troops and artillery beyond the 
limits of the enceinte, which a numerous garrison 
alone could afford. . If the lunettes are surrounded 
with a dry ditch, it is absolutely necessary to revet 
them with mnsonry: otherwise a few rounds of. the 
enemy’s, cannon would soon lay waste the (raises or 
inclined palisudeS, and they might be assaulted without 
further trouble., Rut, where a wet ditch surrounds 
them, the expense may be spared, as no such danger 
need be apprehended. 


A smaller and much less important work than the FortiBea- 
lunette is often placed at the foot of the glucis. It is t tlu l1 - 
made in form of u redan,* and the name of Jliche is 
given to it. The faces of the ‘fltSche ure usually made L ll "‘ 
twenty-four or twenty-five yards long. Its object is to 
support and flank an advanced ‘ ditch, or advanced 
covert-way. When the glacis of a place is very steep, 
and the covert-way of more than ordinary relief, the 
llOclie is of great use, because its fire acts upon spots 
unseen from the covert-way; but when the latter has 
but a small relief, the flOcho may be omitted, as its 
relief may obstruct the fire of the covert-way, and enable 
that of the enemy to plunge into the latter work when he 
is in possession of the (If the. 

When the site of a fortification is low and marshy. Advanced 
and it becomes impossible to give the ditches the ditches, 
necessary depth for furnishing sufficient earth where¬ 
with to construct the covering masses, a second or ad¬ 
vanced ditch is excavated at the foot of the glacis, which 
will make up the deficiency and obviate the necessity 
of going to a distance to obtain it. Although the ad¬ 
vanced ditch serves as an obstacle and prevents the 
enemy from arriving at the covert-way, it is, neverthe¬ 
less, far from being a good work wheit isolated as is the 
case in many fortresses. For if, on one hand, the enemy 
experiences a difficulty in getting across it, the besieged, 
on the other, feels great inconvenience when making 
sorties, as he must pass over bridges, troublesome 
to construct and- easily demolished by the enemy’s dis¬ 
tant batteries during the first days of the siege. There 
are, nevertheless, some advanced ditches possessing 
great advantages: we allude to such as may be kept 
dry, and suddenly flooded at the will and pleasure of tile 
besieged. The latter would thereby derive all the bene¬ 
fit resulting from an unintcriuptcd communication dur¬ 
ing the early part of the siege ; and when tile ditch falls 
into the enemy’s hands he may^suddenly let the water 
into it. These cases, however, are rarely met with. If 
the nature of the localities be such that it is out of the 
enemy’s power to drain the wet advanced ditch by cut- 
ing a canal and turning the water into it, the bed of the 
ditch may be made in any manner whatever. But 
where the possibility of such a thing is at all a matter of 
doubt,—and it is impossible to ascertain the fact other¬ 
wise than by the nicest levellings,—the slope of the 
glacis must be produced to form the ditch : in order 
that the enemy inny not find any cover there When 
he has drained and occupied it. It is impossible to 
fix the breadth to be given to advanced ditches: it 
must depend upon their form; the nature of the 
ground; and the.quantity of earth necessary for the 
construction of the works. But the wider they are the 
better. 

The name of detached works is given to such as are Detached 
unconnected with the fortifications of the place, either works, 
by an advanced covert-way, or in any other manner. 

The chief object of these works is, to obtain reverse 
•fires upon the enemy’s approaches at the time of his 
attack upon any of the neighbouring fronts : so that he 
may be under the necessity of reducing the advanced or 
detached work, ere he can undertake the siege of the 
place itself. Now the taking of a detached work is any 
thing but an easy operation, if from the nature of the 
situation it can in a manner be rendered inaccessible; 
and this will be the case if it is situated in the midst of 

See Field Ferlificatio.i. 
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an inundation. Supposing it to be so placed, it will 
still be well, ill ordejf to secure it from surprise by boats 
or rafts, to surround it with a covert-way or dike, 
separated from the work itself by a wide and deep ditch. 
Those parts of the work vyhicli are to afford the reverse 
fires above alluded to, should be so constructed as to be 
screened from the ricochet fire of the enemy’s batteries; 
aad the detached work should be placed at a distance of 
one hundred and fifty, or one hundred and sixty yards, 
from the edge of the inundation, to be beyond the range 
of the mortars used for throwing stones or small halls. 
Its parapet should, moreover, be twenty-four feet thick, to 
render its demolition a matter of greater' difficulty to the 
besiegers. 

Besides ground of such % nature as will admit of 
being inundated, there are many other situations in 
which a detached work may be rendered inaccessible to 
the enemy; or at least, in which he shall be compelled 
to the dcvelopeinent of extraordinary moans ere he can 
hope to reduce it. When placed upon a steep rock, . 
too hard to he either breached or mined and too ele¬ 
vated for the escalade, it may be considered inaccessible; 
and it would, moreover, have the advantage of com¬ 
manding reverscetnd plunging fires, from which nothing 
within a considerable distance could escape. A de¬ 
tached work may likewise be deemed inaccessible when 
built upon an extent of flat bare rock, on which the 
enemy could neither dig trenches nor sink shafts of 
mines; and the difficulty of reducing it will be greater, 
if care lias been taken during the leisure of peace to 
establish underneath Us glacis, by dint of labour and 
blasting, a good system of defensive mines. The bas¬ 
tion fort of La Lippe, at Eivas, in Portugal, is of this 
nature ; as are likewise the detached works at Luxem¬ 
bourg: both of which are worthy of being studied by 
professional men. 

It is not, however, always possible to find situations 
which almost of themselves shall render u detached 
work inaccessible: it will therefore be necessary to com¬ 
pensate for any local- disadvantage by creating all the 
artificial obstacles that can be raised. In the first place, 
the work should be revetted with masonry both at the 
escarp and counterscarp. The former should 1 ms at least 
fifteen leet high, and crowned at lop with a row of in¬ 
clined palisades as a security against escalade. Behind 
the revetment of the gorge (if the work be in the form 
of a lunette) a loop-holed gallery should be made, hav¬ 
ing the crown of its vault oti a level with the natural 
ground: iu order that it may be secured from destruction 
by shells. The loop-holes should be as low as possible, 
that the fire from thence tnay be more effective, and that 
the enemy may be less able to fire through them into the 
gallery. But the most powerful way of adding to the 
strength of such works is unquestionably that of subter¬ 
raneous fortification. 

In almost every case the position of a detached piece 
is determined hy the localities of the ground, by the 
nature of the defences of the place, and by the particular 
object of the work itself. Ifthc latter be intended to have 
areverse fire upon the neighbouring fronts, it inay require 
to be placed on such elevated spots as command a view 
of the acclivities leading to those fronts. If, on the 
other hand, the object be to see into the bottom of a 
valley, a site must be chosen for the work at the begin¬ 
ning of that valley. When, in order to fulfil any of 
these conditions, the work is necessarily placed too far 
from those of the fottress to derive from the latter a 


musketry defence, another or intermediate work must 
be thrown up halfway between them to render it. that 
servite. And as this intermediate wqrk is defended hy 1 
a close fire from the place, and protected against the 
first fury of the enemy’s attacks hy the work in advance, 
under the fire of which he must pass to arrive at it, it 
need be but a simple llfiche, or at most a smnU'lunctle. 
To prevent, however, its falling hy the s : ,tne attack 
which might be directed upon the gorge of the detached 
work, it is necessary to palisade its escarp and counter¬ 
scarp, and to close the gorge with a strong loop-holed 
paluuque. 

There may be cases iu which, from the nature of Die 
ground, the detached work will not suffice to fulfil the 
object in view. For instance, when the elevated ground 
on which it is to stand, is too broad to enable both its 
sides to be sufficiently discovered by the work. It then 
becomes necessary to construct two or more works of 
the kind; or as many, in fact, as shall completely occupy 
t)ie whole plateau, and have a good reverse view of the 
ground hy which the enemy must approach to the 
neighbouring fronts of the place. It, in short, is pre¬ 
ferable to occupy the plateau by a series of detached 
works, rather than to enclose it with one great exterior 
work. For .these isolated works, having iu rear of their 
gorges an open space where bodies of troops may con¬ 
veniently assemble for sorties, and from whence they' 
may proceed without the embarrassment and delay of 
filing through the barriers of a covert-way, otfer greater 
advantages for those important enterprises than can a 
continuous exterior work. The retreat into the latter, 
when the sortie has effected or lost its purpose, is also- 
slow and troublesome : whereas the intervals between 
detached works are so many broad and safe passages, 
through which the troops may speedily retire under 
the protection of the fire of those works. 


CHAPTER IV. 

Inundations. 

One powerful means of adding to the value of fort¬ 
resses consists in the employment of water in inun¬ 
dating the adjacent country to a vast extent, ami in 
producing in the ditches of the place such sudden and 
violent torrents that the enemy’s works shall with 
great difficulty beubte to resist their impetuosity. The 
first effect of a hank thrown across a river, is to produce 
on the flood side an inundation which will be more 
extensive in proportion as the dike or dam is high, and the 
slope of the surrounding ground gentle. By this means 

the fronts of fortification on the flood side will be in a 
great measure covered and rendered inaccessible; 
thereby leaving to tire enemy the only remaining alter¬ 
native of attacking cither the fronts on the ehb side, or 
those lying intermediately. But if, by a sudden removal 
of the dike, all the water is allowed inrush at once to 
the ebb side, the river’s natural bed being insufficient 
to contain it, the country must of course be inundated: so 
that, if the enemy has chosen to attack on that side, his 
trenches will be swamped and his ammunition de¬ 
stroyed. Hence, when the waters of a river are judi¬ 
ciously managed, the enemy will be forced to avoid its 
banks both on the upper and lower sides, and to attack 
the intermediate fronts: upon which a greater expense 
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Fortifies- in defensive dispositions may be better afforded. Again, 
fion - it sometimes happens that the waters of an Inundation, 
by rising to a certain height, run off the sides and spread 
themselves in the country, gradually making the circuit 
of the town, (either on one or on both sides,) and find 
their way ultimately into the natural bed of the river. 
Should the temporary river tints formed he of a good 
breadth, all the works which it encloses will be protected 
from the enemy’s attacks: but this seldom is the case, 
as the banks of rivers are usually higher than the dike ; 
and the waters therefore flow over the latter, and con¬ 
tinue their coarse as usual. 

The bridge over a river, for communicating from one 
to another part of the towu, is usually converted into a 
dike by stopping up the arches with sluice-gates: pre¬ 
cautions must in this case be taken to prevent the under¬ 
mining which the fall of the water might produce on the 
ebb side ; and the piers of the bridge ought to be of suf¬ 
ficient strength to be able to resist the pressure of the 
water. The closing of the arches is, as above mentioned, 
effected by two sluice-gates, which fall into grooves made 
in the piers, and are worked by levers or screws in such 
a manner'that they can be quickly and simultaneously 
uplifted, when it is required, to let loose the torrent 
upon the enemy's attacks. The besieger, who is usually 
acquainted with the spot where this contrivance exists, 
will of course direct against it a great profusion of 
shellsand it is therefore advisable to have double flood¬ 
gates under each arch: so that, if one gets damaged, the 
remaining one may perform its office. An inundation 
would also be useless if it were at all in the enemy's 
power to drain it: that is, to dig a canal into which its 
waters might be turned. This, however, may some¬ 
times be prevented, by constructing a work near the 
spot where it is most likely to be done. Such a pre¬ 
caution is more particularly necessary when the drain, 
in emptying the inundation, might at the same time 
deprive the place of the water indispensable for the sub¬ 
sistence Of the garrison and inhabitants: there, being 
instances of a place surrendering through thirst, which 
by the nature of its works, and strength of its garrison, 
might have been expected to stand a long siege. 

The advantages resulting from the employment of 
water as a means of defence do not consist solely in 
iuuudating the country about the place. It is likewise 
in some cases possible to introduce water suddenly into 
ditches habitually kept dry: whereby all the works, which 
the besieger may have executed for the purpose of reaching 
the foot of the breach and facilitating the assault, may 
he entirely destroyed. When this torrent has subsided, 
and the smaller rubbish of the breach has been removed 
by it, leaving only the larger fragments, the breach may 
be no longer practicable; and the besieger, to render it 
so, must recommence battering and forming his passage: 
which—as he will have just reason to apprehend a fresh 
disaster of the same nature—he must make with .the 
solidity of a real dike capable of resisting the weight of 
the torrent, and of sufficient height to cause a reflux of 
the waters. But as all this will require much time and 
labour, the besieged may leisurely take measures for 
defending the breach with the utmost obstinacy. The 
manner, in which these artificial torrents arc produced, 
is as follows. A dike with gates stretches across the 
river at its entrance into the town, which is generally 
between two bastions constructed on the opposite sides 
of the river; and the dike is made high enough to 
allow tbe inundation to be six feet above the bottom 


of the ditch. Then, at or near the place, where the Fortlfica- 
main ditch of the fortress branches* out from the river, *>on. 
mi the ascending side, gates are formed across the ditch 
to admit or exclude the water of the inundation; and 
these, which must be made higher than the dike across 
the river, to prevent the water from flowing over them, 
arc provided with a bomb-proof cover \o secure them 
from the effect of the enemy’s shells. Other gates are 
formed in like manner at the communication of the 
ditch of the fortress with the river, on the descending 
side, and -serve to retain the waters in the ditch, or to 
let them escape, as may be required. The former, for 
distinction’s sake, may be called flood-gates, and the 
latter ebb-gates. 

When tlie enemy has effected his descent and irrup¬ 
tion into the diten, and has commenced his passage 
across it, the defenders cease to dispute the passage, and - 
open the flood-gates, leaving the ebb ones closed. The 
ditch will then fill with water, which, washing down the 
enemy’s epaulement, may compel him to raise his gallery 
of descent, and commence, in all probability, a fascine 
bridge, to avoid a repetition of the torrent. This bridge 
(which is of the lightest kind and moored with small 
anchors) may have nearly reached the rubbish of the 
breach, and every preparation may have been taken for 
the assault; when the besieged, by suddenly opening 
the lower sluices or ebb-gates, produces a torrent through 
the ditches which will remove a good portion of the 
rubbish, and loosen and damage the bridge of fascines. 

But a still more violent shock is at hand: the upper 
sluices are thrown open, and the waters rush in with an 
irresistible impetuosity ; carrying away the bridge, and 
probably discouraging the enemy from any further at¬ 
tempt to overcome so powerful a means of resistance. 

A pair of additional sluice-gates may be made some¬ 
where between the two former, to obviate the inconve¬ 
nience which might result from an accident happening 
to one of those, and also to augment the force of the 
current in the ditches on the descending side. The 
gates are generally placed across the ditch in the direc¬ 
tion of the capitals of the bastions, where they are less 
exposed to the view of the enemy when he has crowned 
the glacis; and ebb-gates should be made wider than the 
others : in order that the water may be less retarded in 
its escape, and any diminution hi the force of the cut rent 
avoided, in order to secure the advantage of using the 
ditches as dry ones during the first days of the siege; and 
* particularly to afford the means of communicating freely 
with the exterior works, and of making repeated and vi 
gorous sorties; it is necessary that the bottom of such 
ditches be about one foot above the ordinary high-water 
mark in the river. Acunette, or small drain, is dug along 
the ditches of the place in order to carry off the water’which 
(even when the gates being closed the great mass of it is 
excluded) will inevitably filter through the masonry of the 
dikes. To procure to the currents in the ditches >>H their 
desired effect, it is necessary that the sluice-gates be made 
to open promptly and give a wide entrance to the water. 

Of all the means as yet proposed, to arrive at this desi¬ 
deratum, the most simple is that contrived by M. de 
Bousmard, which, although it has never perhaps been 
tried, is very ingenious, and deserves to he here de¬ 
scribed. He proposes two piers, with a door between 
them turning upon a vertical pivot or axis, which is 
plaeed so as to divide the door into two unequal parts. 

The pivot is firmly secured at top by a crass beam or 
otherwise, and at bottom by a flat stone into which it is 
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Fortificft- let. The floor being; unequally divided, it follow* that 
*““• the stream presses more strongly (the volume of water 
v— 'v**"'' being greater) on the largest of die wings; and this, as 
it rests against a groove in, the quay or pier, naturally 
keeps the gate closed, and excludes the water. Bat on 
the ttbove-mentioneif largest wing there is a small door 
which can be opened by such machinery as is used in 
the apparatus of canal locks. The opening of this small 
door reduces the surface of resistance to less than that' 
presented by the smallest of the wings. The conse¬ 
quence is that the greater pressure being thrown upon 
the latter wing, the gate turns upon its axis or pivot 
and gives free ingress to the torrent of water. 


GRAFTER V. 

Defensive Mines. 

Miues. Tiie Art of mining, as practised in the Ages of Clas¬ 
sical Antiquity, appears to have undergone no change 
for nearly two Centuries after the invention of gun¬ 
powder. A Genoese engineer, at the siege of Sereza- 
nella, *. ». 1-1S7, was the first who tried to substitute 
the use of this destructive ingredient for the old me¬ 
thod, but did not succeed. The celebrated Pedro Na¬ 
varra, then a private soldier, who was present at this siege, 
on lieiug afterwards received into the Spanish service 
and raised from the ranks, repeated the experiment with 
as little success at the siege of Cephalouia. Notrlis- 
r.mraged by these failures, lie tried it again at the 
attack upon the Castcl del Ovo at Naples, a. d. 1501, 
and acquired, if not the credit of being the inventor, at 
least that of being the first who had applied this new 
means with success. Before Bologna, (a. o. 1511,) 
Navarra again tried his mines, but a singular accident 
is said to have rendered them abortive : the mines were 


these galleries may vary in their dimensions according Portiflc* 
to circumstances: hut for reasons which will be ex- tion. 
plained, it would be improper to alter the dimensions v — 
of the branches. The great galleries are the miner’s * 
principal roads ; and every tiling is conveyed through 
them: the demi-galleries are the communications from 
one to the other of these roads; and the branches are 
the small paths which lead from the galleries of com- ' 
nnmication to the chambers of the mines. 

The galleries which usually Constitute a simple sys- System of 
tern of defensive mines are situated as follows. The pemwnent 
gallery of the escarp is so called from being situated ut 
the back of the wall which supports the rampart. The 
object of this gallery is to enable the breach to be more 
obstiuately defended by the explosion of small mines 
placed under the rubbish at'the moment of assault; 
thereby destroying the ussailants, and restoring to the 
breuch its original steepness. It is hardly necessary to 
say that when this is done, the enemy is compelled to 
batter the rampart qnew..This gallery, moreover, serves 
to defeat the enemy’s attempts to breach by mine, in ■ 
the event of his preferring that means to battering with 
cannon, or if he should be disposed to employ both. 

With respect to dimensions, this gallery of tne escarp is Seapl.iv.' 
of the largest above mentioned; and its situation is shown fig. 2 and 3, 
both in the plan and profile. 

Another gallery extending along and underneath the 
covert-way is called the counterscarp gallery. Its situa¬ 
tion has been considerably varied according to the opi¬ 
nions of the different contrivers of Systems. Some have 
placed it underneath the banquette of the covert-way; 
some under the middle of the terreplein; and others again 
close behind the counterscarp wall. The latter disposition 
seems to be more generally preferred, as most economical, 
most easily lighted anil aired, and furthest removed 
from the influence of the enemy’s explosions. The 
lighting and airing here meant are obtained by loop¬ 
holes cut iu the revetment of the counterscarp which. 


sprung mid the wall was uplifted; but, if the tale inay besides, enable a reverse tire to be had upon the enemy 
be credited, the whole mass fell again upon its base, when lie may have penetrated into the ditch: the en- 
olfering to the astonished beliolders no other proofs of trances into this gallery are provided with stout oaken 
its having quitted its foundation, than the crevices where doors with bolts on the inside. Many authors, however, 
the separation had been effected 1 The besieged pro- object to this situation for the counterscarp gallery : nl- 
claimed a miracle: but Navarra explained the apparent leging tlutt, when the enemy has possessed himself of it, 
prodigy, by showing that the charges had been placed the very contrivance for affording a reverse fire along 
with too great precision under the centre of gravity of the ditch, will serve him to keep in check any sorties 
the masonry. which the defenders may make to dispute his sapor 

In order that the reader may the more easily under- passage across the latter. The entrances into (his gal- 
stand the phrases which wc shall have occasion to use iery are most frequently made in the counterscarp wall 
in the following pages on modern mining, we shall begin near the re-entering angles of the latter ; and, in that 
by a lew definitions. Any subterraneous excavation, cose, a tambour is made, upon the terreplein of, the 
made with a view of containing gunpowder for the re- covert-way enclosing the stairs at the re-entering angle, 
moval by explosion of the objects on the surface, is called This measure of security is, however, unnecessary When 
amine. The place where the powder is deposited is the re-entering places of arms are (as in the modern and 
styled the chamber. This chamber is of a cubical form, Cormontuingnea Systems) provided with a redoubt Be¬ 
am! of a size proportioned to the magnitude of the in- sides this precaution, it is well to have a caponniere on 
tended churge. The excavation produced by the explo- each side of the entrances, to flank the accesses to then* 
sion is termed the crater. The line drawn front the along the main ditch and that of the ravelin. When 
centre of the charge to the nearest point upon the sur- the soil is dry enough to admit of it, the safest way of 
face, whether the latter be upon an horizontal or inclined communicating into the counterscarp gallery is by a 
plane, is technically distinguished as the line of least re- gallery of communication passing from that of the escarp 
sislance. The subterraneous roads conducting to the underneath the ditch. This procures, moreover, the 
chambers of mines are denominated galleries. These advantage of enabling a branch to be driven from it 
are divided into grand galleries, demi-galleries, and under any spot where the enemy may lie making his 
branches. Great galleries are six feet high and three passage across the ditch: besides affording security 
wide in the clear; demi-galleries four feet by three ; and against any attempt to seize'upon the galleries by a 
the branches three by two and a half. The largest of sudden attack. 
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iV.tifica- A gallery running parallel to that of the counterscarp 
tion, a t a distance of about forty or sixty yards from it—that 
is, about the distance of the foot, of the glacis—is called 
the envelope. It communicates with the former by 
others, situated under the ridges and furrows of the 
glacis, and which are denominated galleries of commu¬ 
nication. The gallery of envelope is omitted in most 
Systems, because, presenting an extensive front to the 
enemy, it is speedily destroyed by his first explosions ; 
and it is urged that mere passages terminating in a 
point, or by a portion of envelope, so as to resemble the 
letter T, are more advantageous: as they not only 
answer the same purpose of enabling the defender to 
commence early his dispositions for intimidating the 
enemy; but the destruction of one portion would not 
entail that of the neighbouring^one, or facilitate the 
enemy’s attempts to introduce himself into the galleries 
after mi explosion. Hut, in any case, from the envelope 
there are other galleries extending into the country to a 
distance of about tliirty yards; placed at intervals of 
Listening fifty yards; and called listening galleries, or listeners, 
galleries, from their object, which is to enable the besieged to 
anticipate his enemy by watching his approach under 
ground. The distance to which it is possible to distin¬ 
guish sounds, must of course depend very much upon 
the more or less compact nature of the soil: but, in 
ordinary cases, the blows of the excavating tools may be 
heard at a distance of thirty yards; and those of the 
hammer in fixing the framework at forty or fifty. The 
reason, therefore, for placing the listeners fifty yards 
asunder, is obviously to render it impossible for the 
enemy to penetrate between them unheard, either from 
one. side or the other. The means resorted to by the. 
miner of the besieged to assist him in listening, arc va¬ 
rious. lie may lay a plate of sheet iron flat against the 
side of his gallery, and apply the ear to it. He may 
drive a trepan hole In the most likely direction, aud 
listen through it; and if he has any reason to apprehend 
that the enemy will attempt to puss under him, a pea, 
or any round body, placed upon a drum head, will 
vibrate at the blows of the pick and betray the design. 
At certain distances along the whale of these galleries 
there are ready-made doorways, merely filled up with 
loose bricks. These arc also called listeners, as they 
serve for that purpose, and enable the defenders to drive 
branches, without loss of time, in any particular direc¬ 
tion. To prevent the enemy from obtaining possession 
of the whole of the galleries in the event of his succeed¬ 
ing in getting into a portion of one, care is taken to 
partition them off with strong oaken doors, having loop¬ 
holes with shutters iii them, through which a fire may 
be directed against the besieger, or slink halls thrown to 
smother him. The galleries of communication are like¬ 
wise separated from the principal galleries by doors of 
the some material; but these slide buck into a groove in 
the wall, instead of turning on a hinge, which from the 
nature of their situation would be inconvenient. 

It often happens that no system of defensive mines 
has beforehand been made underneath certain fronts of 
tt fortress, which nevertheless may require such an ex-, 
pedient: in order to establish an equilibrium of strength 
between them anil the remaining'fieonls. The manner 
in which the establishment of such mines is effected at a 
moment when a siege is anticipated, remains to be de¬ 
scribed before any thing is said respecting the charges of 
mines. The first tiling done is to determine, upon the 
pan of the works, the situations which it may be most 


expedient to allot to the several galleries. It is unite- Fortifies- 
cessary to observe that, here care must be taken not to 
run into useless expense and loss of time, for the mvc 
sake of symmetry. The galleries must be made under¬ 
neath those spots upon which the enemy is obliged to 
conduct his saps; and it would fie needless to drive 
them in places where, being seen in reverse by some 
projecting outwork, he would never attempt to approach. 

When these points are settled, the plan thus devised 
upon paper is marked out upon the stnface.of the 
ground, aud at all the intersections of the lines denoting 
the situations of the intended galleries, shafts arc sunk. 

The reason for sinking shafts at the intersections is, that 
any inaccuracy of direction in the driving of the galleries 
may thus be the more easily corrected: as, when the 
shafts have arrived at the required depth, the galleries 
are driven from thciice to meet one another between 
every two shafts. 

The materials used for sinking the shafts are square PI.iv.fig.4. 
or oblong frames, with a sheeting of planks to prevent 
the earth from falling it). The operation is commenced 
by placing 011 c of the above frames (with projecting 
ends or a foot or fifteen inches lei^gth) flat upon the. 
ground, with two of its sides at right angles with the 
line denoting the direction of the intended gallery. The 
frame is fixed so as to be immovable; with pickets or 
stakes driven in on each side of the projecting ends. 

The miners now commence digging ; and the depth of 
the excavation must depend upon the greater or less 
tenacity of the soil! In ordinary soil, the second shaft 
fiaine maybe placed at a depth of four feet. When, 
therefore, the miner has dug to this depth, he makes the 
bottom of the shaft perfectly even and level, anil then 
places the second frame (of coutse without projecting 
cuds) vertically Aider the, first, and ascertains its position 
with a plumb line. This done, he connects the first 
frame with the second by means of wooden ties of equal 
length, nailed to the centres of the sides of the fiaines. 

The sheeting is then introduced between the frames and 
the earth; and wedges are placed between the. sheeting 
and the second frame to preserve room for slipping in 
the planks front the second to the third. Any cavities 
between the earth and planking are filled up with soils 
or sand-bags: in order that the sheeting may press 
■ firmly against the frames. The digging is now recom¬ 
menced and continued to the same depth: when the 
framing, sheeting, and adjusting?, arc repeated. As 
long as the excavation is sufficiently near the surface, 
the loosened earth is easily thrown up by manual force; 
but in proportion as the shaft becomes deeper, other 
means are resorted to for its removal. A cylinder, turned 
by a winch,’like the machine used for drawing water out 
of ti well, answers the purpose sufficiently, bypassing 
several times round the cylinder a rope having a basket 
or bucket fastened to each of its ends : by which means 
one ascends loaded whilst the other descends to be filled. 

When the shaft is sunk to its required depth, the sides 
of the two last shaft frames, situated in the direction of 
the iuleiyled gallery, are removed; and the excavation of 
the latter is commenced, cither horizontally, or with the 
inclination suited to the object in view. 

In the driving of galleries, the means of keeping up 
the earvh are much the same as those employed in sink¬ 
ing shafts; frames and sheeting being employed for the 
purpose. The former of these ore composed of two 
stanchions, a capsid, and a groundsill; the latter is some¬ 
times 'omitted, but such u practice is not to be recoin- 
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Fortifies- mended. There are, however, many cases where sheet- 
tion * ing is not altogether indispensable: as when the .soil is 
' sufficiently stiff to sqppfart itself without such assistance. 
The frames by themselves;. are then usedpand even these 
are often dispensed with in strong soils,'', atm'Where the 
miftes are intended: for immediate useit is riiveifoeteSs 
scarcely justifiably^toput. men’s live*, into ‘ jeopardy! 
merely to ecpnojnfae a few pieces of, timber, or the feV 
additional moments which the'fixing 1 of thip latter.might 
require. When these golleriea are made, as here sup¬ 
posed, at a moment of need; it will sufBce. in brder tb : 
save trouble, to give them four feet and a. half of height, 
by three,, or twq feet, and "a half, of'Width.V’Whetip 
branch only fa drivtou from v ohe of ihe hbove gallefiesto ■ 
the place where'the powder Jaip be deposited, if Indy be' 
made three feet high, by two anda half broad: there isno- 
thing gained, with respect to time, by making it smaller 
for if, on one hand, there is less to excavate; on. the 
1 fl P* *• other, the inconvenient posture of the miner, who even 
plate iv. j n a g a ji er y 0 f tjjj above dimensions is obliged to work 
sitting, will render the progress of the work nearly the 
same. But there is ah important reason-for not increas¬ 
ing the dimensions of the branches:—that the smaller 
they arc made, till ffioro readily and sqiidly 'may the 
mine be tumped, and tile less likely will it be, that any 
part of the charge should find vent along the branch.' 
The earth is removed from these branches by means of 
a small four-trucked cart, having a cord at each end.. 
In proportion as the first miner excavates, n. second' 
draws, the earth towards him with a hoe, and fills the 
little cart; which .is then drawn by a third to the en¬ 
trance of the branch; where the earth, is revived and 
transported to a greater'distance, or to the' foot of the 
shall, by a fourth.' Four miners thus employed consti¬ 
tute a brigade. When it is necessary to fix 'the frame¬ 
work, the whole four assemble for the purpose. It has 
been found,* by repeated experiments and by actual scr-: 
vice, that brigades of miners, relieving one another at 
proper periods, con execute on an average .eighteen feet 
length of gallery in twenty-four hours: this supposes," 
however, that nothing:occurs in the way of obstruction 
from the enemy to cause any delay s. 

The distance, at which the frames are placed in the. 
driving of galleries, is determined by the same, reasons 
which regulate the intervals of the shaft-frames. Spihe 
soils, as we have already said, are stiff enough , nottO 
require these supports: but, again, there arc others which. 
are so loose as to oppose alinost insurmountable difficul¬ 
ties to the progress.of the miner ; and there are indeed 
cases where, the soil being sand or gravel ofthe loosest 
kind, no other alternative remains but to cut outr'the 
gallery like a ditCh, open at top, case up the galler^care- 
f ully with sheeting, and then fill in the soil over the topi 
It must, however, be. observed, that a gallery having lift 
one issue.cannot properly be driven beyond a certain 
limit, without inconvenience or danger to the'miner'; 
the air, from want of ventilation, not;being £rii|>er to 
support life. . When, therefore, it ! ts necessary to go 
beyond that limit, some means must be employed to 
produceart. artificial current of air; The piosv common 
expedient fa that of a forge bellowa pltfeed at, the top 
of the shaft* and haying canvass or leathern pipes ex¬ 
tending into ,the gallery'or -branch* v A .trepan hole 
may likewisebe driven, fitnnfoe Ceiling of! tffi. gallery 

* But s tniufch pieferdfie mschlo*, etWiahUiqr - the hydrostatic 
bellows, with. * v«jy simpl* and conveokuP- apparatus of pines, has 
been lutrqdp^ed fqr thssame purpose Into foaBiHiahSOTMti 

" vot. Vi. /.• ‘4•. h. VPkEj»•, .•>. * 


up to the surface of the ground, for the same purpose: Fortiflc*- 
Vfhen a branch hits been driven to the required length, Hon. 

a return is piade at the end either to the right or left, ‘v*—■' 

and the chamber fa micatrated. The reason for making * 
the chamber iu a return; is that the mine may be more 
Solidly tamped : and;this is done in a manner to be pre¬ 
sently described- . 

Thequantityof powder with which the mine is to be 
charged roust ofcotirse depend upon the effects required 
- to be produced, and upon the nature and tenacity of the . 

. Boil in’which it is react.'; The imniense number of ex- 
: ; parimehts made ^'Pq,Ya1tefe ehabledhtfo to arrive with 
'gjrtat accuracy at”.the conclusiqn,that ^plibie fotliom of 
„ soil of ordihary tenacity required tenpouiufc, ten ounces, 
six grains of powder tO.uplift it. Thenfon the suppo¬ 
sition tHaf the Crater of amind I* a*paraboloid, having 
the diameter of its base equal to twice the ,line of least 
resistance, and the fbeus of its gedferatiug parabola at the 
. centre of thecfrarge.he calculated thocubidd capacity 
of the eXcavationln fathoms; and, consequently, mu I*'* 
tiplying ten bounds, ten ounces, six - grains, -by that 
ftumber of/athoms, be obtained the required charge in 
pounds of powder.' In this planner hfe' composed tables, 
serving to determine the quantity of powder required to 
charge a mine of the above form, when,the line of least 
resistance fa jfiven. Belidor.proposes a way of using ^ 

' these tables, as it means of obtaining much more exten-. 
aive effects than those' for wliich. they are exclusively ’ 
calculated. He supposes that the earth, upon, the 
explosion of a mine, is compressed tft aii equal dis¬ 
tance in evefy direction from the centre of the chiirge; 
and to the extent so acted upon by.'tlie'ighited mass, 
he gives the name of a globe of compressioii. ’ ITe. con¬ 
siders the line drawp froin the centre of'thOharge to 
the edge of the.crater, which is'the hypotbentisii of a 
right-angled triangle, having the line elf least resistance, 

'and the semidiameter Of the cfater, for the other' two. ' 

Bides, as the radius of foe globe of Compression. Then, 
he says, globes, ofcornpression, like all other globes, are. - 
to each other as the cubes jf their diameters "or tif tliqir 
; radii... If, therCfore^inslead of a cTatcr .whose diameter 
' is equal tp only’ twice the line; of least resistance, (as . 
estimated in' Dc Valle re's tables,)itbe required to forhi 
one.in which tlie diameter shajj bear a higher ratio to *- 
that line, it ie only necessary to add together the;squares 
qf^foe fine qffea^t resfaienck ih the' tables and llfa 
semidiameter of foe crater, to obtain foe Square of the .. 
hypothentise of that ; trianglo': qr, in other, -words,; foe. 

Square of the radius of foe globe of compressipri which 
^rpuld Tje formed! with the charge id.foe tables, 
spondfng to that ljne of faast reMstancc... FitidJ.I^.'fofe 
same manner the" square of the radius of the required . 

S lpbe j extract the square root feom .etfefi; foen cube 
fem; ana* by proportion; ih'e.cubq.of foe fOWhev^idlus 
fa to that Of the latter, as the ehawe fa ilA' fobtes is to 
that,wki(ffiWfe!4.Mrequired having 

the giyeq tesnawis.. . ‘. 

Tne practical’.application,, hjf rules above given, 

ahq.indeefe of aiiy others ak .yet proposed,' is however 
very limited; the effect produced in different soils by 
fired gunpowder.bearing no 1 'Constant proportion to the 
aipount of the Charge,' arid, the error becoming very 
considerable when foe foargo fa great^;' Experience also - 
has-jsi|»wn foal no quantity « powder will moke a 
crater’laTger in' diameter-than abont sfa tirnes Uic line of 
' least resialnnce; apd that foe diameter of the glohe of 
couiprfosion iir that case will ffot exceed about eight » 

,v, ■. -8 a' ' - • • 
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Fortiflcar times that line. The case Would be different, and effects 
tion. would be always nearly , in proportion with the magni¬ 
tude of the charge, were it 'possible that the whole of 
the powder should become ignited at the same instant: 
this, however, canrtol occur, as Its particles ignite suc¬ 
cessively, and the portion, first fired blowing up the 
earth above it, allows a certain quantity to escape 
through tlie fissures, either unbred or without producing 
any useful effect. The rule given by Belidor for de¬ 
termining the charge of a mine where the maximum of 
the effects of powder is required to be produced, the 
line of least resistance being given, is this : multiply that 
. line, in feet, by 300, and the produce will be the re¬ 
quired charge in pounds of powder. But the quantity of 

E owder, thus obtained, much exceeds that which would 
ave resulted from the employment of the formula 
before stated. The. magnitudes of mines are now com¬ 
monly expressed by the number of times the line of 
least resistance is contained in the diameter of the 
crater: thus a mine is said to be one lined, two lined, 
three lined, &e. according as the said line is equal to 
once, twice, three times, &c. the diameter; and from 
experiments recently made in this Country it has been, 
determined that, in earth of medium tenacity, the charge, 
in pounds, may he found by multiplying the cube of the 
line of least resistance, in feet, by 0.033 for a one lined' 
mine, by 0.095 for a two lined mine, by 0.21 for a three 
lined mine, &c. ; and these numbers are nearly pro¬ 
portional to the squares of the diameters of the craters, 
when the lines of least resistance are equal. It has-been 
also found that, when it is intended’to destroy a solid 
mass of masonry hy placing powder within it, the charge 
in pounds should be equal ,f0 about one-tenth of the 
line of least resistance. 

Tile charge being ascertained, the chamber is'ex¬ 
cavated of the required dimensions, and a box of a 
cubical shape is prepared for containing the powder. 
J.f the ground be at all darfip, it is necessafy to calk 
' and tar this box, the size of which must be such as to 
contain,'as exactly as possible, the proposed charge. This, 
as well as the size- of the chamber, may be determined 
by considering that a box, of which the capacity is equal 
to one cubic loot, will contain 57.6 pounds of powder. 
With respect to shape-, the spherical would be belter for 
the purpose than the cubical fig obvious reasons; but 
,the difficulty of making spherical boxes renders it neces¬ 
sary to adhere to the other form. The foot cube, above- 
mentioned, is the inside' dimension. If, therefore, for 
instance, it were required to make a box to contain-a 
charge for four hundred and sixty pounds, it is evident 
that its interior capacity must be equal to eight cubic 
. feet, or that the box must measure two feet every way 
on the inside. ’ Inch planks will suffice for the .timber 
See fig. 7. . of the box. Every thing being ready for charging the 
pUtew. mine, the box is placed in tbechamber, and being firmly 
fixed, a wootlen trough reaching to its centre is intro- 
4 duced into it, through a square hole made for the . 
purpose in the side next the branch. This trough is 
destined to contain the canvass powder-pipe or hose, by 
< which the'fire is Communicated to the charge. ‘The , 
size ’of the trough should be about an inch square 
inside. With respect to length, it is continued as far' 

‘ as the spot where the fire ie to be communicated, and ; 
' ft is made with such bends and angles as may be neces¬ 
sary. Wlien. the bos to fl*?d and the trough, is ad¬ 
justed, the latter fa nailed Jo the ground-sills of the 
branch frames to secure jt from any movement. The„■ 
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powder-hose fa then laid in it, with its end in the centra ForKfics- 
of the box, and with a peg driven through it to prevent boa. 
the possibility of its recoiling. .The lid of the trough 
is now nailed down, and covered with about one foot of 
earth, taking care at the same time to guard from damp 
or fire the outer extremity of the hose. This done, the 
powder of the charge is conveyed into the box in leathern 
bags, which the miners pass from one to the other, and 
which are emptied by the lost into the box. When the 
latter is full, the lid is fastened down, and ahy vacant 
space about the box is filled up with sand-bags and rub¬ 
bish strongly rammed. There is then placed up, against 
the box and the space thus.filied, (as shown in fig. 6, 
which represents a vertical section through the branch 
and chamber.) a partition of strong planka.firmly butted 
against the opposite side of the branch, where other 
planks have been put to strengthen the abutment The 
interval between-the bracing beams is'filled up with 
sand-bags, and every thing’ which comes to hand; this 
wadding up or tamping, as it fa called, is continued in 
the branch to a length equal to once and a half the line 
of leant resistance; without which the mine might partly 
vent itself in that direction. ‘ . 

NdW the greatest inconvenience Experienced in the 
use of mines arises from the smoke of the powder, 
which, after the explosion has taken place, penetrates 
into the branch and neighbouring galleries, eorrupting 
the already stagnant air even to endangering the lives 
of those who breathe it; in consequence of which the 
men are compelled to abandon the galleries until, by 
means of a ventilator,* the air tnay have been renovated. 

This has besides the evil of affording the enemy time to 
dig in the Crater and reach th? tamping or wadding of 
the branch without running any risk, since his work is 
performed in the open air, where a free circulation car¬ 
ries off the deleterious matter. Many have been the. 
means at different times suggested for diminishing this 
evil: we shall however confine ourselves to that which 
has been most successful, and which was iuvented by 
the Commandant of the military school of Verdun, M. 
de Rugy. The greatest part of the smoke at the 
moment iff explosion is projected outwards with the 
earth removed; another portion, which has been unable 
thus to escape; issues out after the explosion through 
the rubbish which has fallen back into the crater;' and, 
lastly, a third portion, driven to the bottom of the crater 
by the rubbish, and being unable to find-vent upwards, 
pqurs through the trough and fills the branch or gallery. 

It is not therefore so much the smoke of the charge that 
fa to be apprehended as that of the powder-hose used . 
for sprjnging the mine; the latter smoke being impeded 
with violence through.the trough into the branch im¬ 
mediately after ihe explosion has taken plate. The 
smokq thus produced by the hose is more than .sufficient 
to prevent the miner from reaching the mouth of the 
trough, owing Ip its’pestiferous qualities: it is more¬ 
over soon joined fey that which comes from' the explosion 
of the charge; ahd the whole united spreads, itself 
through the galleries to an extent greater or Iras in 
proportion to the magnitude of the charge and compact¬ 
ness of the soil. It was therefore found necessary by 
M. de Rugy to abolish the use of the hose; and his 
contrivance fa ns follows. In the centre of a small 
'.chain he' fastens,soine match, and at each extremity of 
the chain he ties a small cord pf string of a length at 

For x description «f foil vsntdstot, re* Baudot's T/ektiu> an Afinas. 
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Fortiflra- least equal to that of tha trough it wilt'have to pasa 
Hon. through: -A double Instead of a single trough is made 
' to communicate with the charge; and the abate chain 
and strings being laid in it, the lid » fastened down as 
before.' When therefore it is necessary to spring the 
mine, the match tied to the chain is lighted j and by 
gradually pulling the string it is drawn over a spot close ■ 
to the charge, where some loose powder has' been 
strewed, the ignition of which will of course communicate 
the fire to the mine. The use of the string at the, other 
end of the chain is to enable the latter to be drawn, back, 
again in the event ofany thihg preventing the explosion 
from taking effect, or of the chain bitching any where on 
its way. This contrivance, has often been found in the 
highest degree successful: it preserves the .branch alto¬ 
gether from smoke, when the tamping has been properly 
executed, and when care is taken after the springing of the 
mine to stop,up the months of the troughs immediately 
with sand-bags. But it has one objection, which is the 
great nicety required in making the trough: the inside 
must be very smooth, the angular parts properly rounded 
. otf, and the joints well put together, so that nothing 
may impede the: movement of the little chain. Not¬ 
withstanding suelf difficulties, there is no doubt that this 
method is preferably to any other, when it is, as is gene¬ 
rally the case, desirable to make use of the gallery im¬ 
mediately after explosion. 

Before we conclude the present chapter, it may not'be 
inappropriate to mention some precautions which it is 
necessary to observe, in order to prevent accidents whilst, 
preparing the mine. The men should be obliged to take 
off their shoes, for fear of the nails which they may have 
on them. The nails for fastening the lids should be of a 
different metal from that of which the hammer is made. 
The powder should be conveyed in leathern pouches in¬ 
stead of sand-bags: lest any grains should get strewed 
along the ground, and thus form a train which might be 
productive of the greatest disasters. It is likewise recom¬ 
mended that the sand-bags used for lamping should not 
be filled up to the top; but that a portion should be 
left empty, and that the bog be then tied as near the 
mouth as possible. This, as the soil will lay loose in 
tiie bag. will render the filling up of cltinka infinitely 
more easy, and the tamping therefore .more compact. 
Two or more mines placed near one- another may, by 
springing simultaneously, produce an effect much greater 
than could be obtained from them when fired one after 
the other. It may therefore, in some Cases, be desirable 
to effect this joint and simultaneous explosion ; and the 
way to do it is simply to tnuke the bodes of all the charges 
of equal lengths. If likewise R be wished that one mine 
shall spring before auother, it is only necessary to shorten 
the hose communicating with it ;but no diminution of 
length need be made to allow for the effects of bendings . 
in the hose, as directed in the works of most French 
Authors on Mining. For recent experiments in this 
Country have proved that, so far from burning more 
slowly, as asserted by those Writers, a bent powder-hose 
fires with rather greater rapidity than a straight one of 
equal length. But the real difference in the rate of com¬ 
bustion is too small to require any allowance in practice.* 


* Almost all thedeteils which belong to the processes of Military 
Mining, have during the last fifteen years, been very much simplified 
and improved by long practice and repeated experiments, at the 
echoed for tbs instruction of the officers and soldiers of the British 
Engineer Corps, under Colonel Pauley at Chatham. Bat the publi¬ 
cation of the notes and rulei compiled for the service of that aduiir- 
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CHAPTER VI. iWfl*. 

■ Casemates, 

Though U is probable that, during ages to come, few Propw 
opportunities will occur for making great improvements situation* 
in the'construction of fortresses; and though there i s f ««we- 
reason to believe that the means of defending places will 
never again become equal to those which may be dis¬ 
played’ in the attack; yet these considerations should 
not be allowed to discourage the efforts of military men 
to give a degree Of strength to theijr works, beyond that 
which can be, afforded by an exact'Adherence to the 
Systems already in use. Since whatever can prolong, 
but for a few (lays, the defence of a fortress may, in some 
Circumstances, be productive of . the most important 
consequences. With these views, therefore, besides the 
casemates or covered batteries in the tower-bastions and 
flanks of the body of tbe place, which have been de¬ 
scribed in the Second and Third Systems of Vauban, 
such batteries have occasionally been formed or profosed 
in other situations, to Cooperate with the artillery on the 
’roidparts for the defence of ditches. It is plain, indeed, 
that casfmated batteries, if confined to their ancient site 
in the Hanks of bastions, must be utterly useless in any 
other constructions than the Systems above mentioned: 
since they would be masked by the tetmille which, by 
covering the curtain and tlanks themselves from being 
breached, serves too important a purpose to be removed. 

But suggestions for a more general adaptation of case¬ 
mates have, since the publication of the Systems of 
Montalembert and, Carnot, been offered by French 
engineers; and it appears that some efforts to reduce 
these ideas to practice were, during the reign of Napo¬ 
leon, actunlly’made in the fortifications erected fh Italy ■ - 
and at other extremities of the Empire. 

According to the aiithor of the Analyse de VOuvrage Proposals 
intitule Reflexions Critiques: sur CArl Moderne de For- °jf modern 
tifier, these expedients consisted chiefly in the formatiuu 
of cnseinaled batteries within tW ramparts of fortresses; 8 ‘ "* 

and in the affording of & jnore effectual defence to covert- 
ways, with security against the ricochet fire ofthe enemy, 
by means of loop-holed galleries. On the faces of bas¬ 
tions or ravelins, where it is of importance to direct a 
powerful fire upon the works of the enemy, it was pro¬ 
posed to raise tbe rampart to a considerable height: but 
. this,’ instead of being a increjmass of earth, was to cony 
gist of two or more tiers of strong and well-ventilated 
casemates; formed with masonry along the whole fitce; 
aiid having embrasures in the' manlier of port-holes to- ; 
wards the front. Each tier of. casemates was to recede 
from that below it, according to the nature of thecxteViOr 
slope of the rampart: so that, (hough the loweftier 
should be.ruined by the enemy’s artillery, ; th& upper 
would not fall until the side,.waljs sljqhld lie demolished 
far within the face ofthe work. Behind these casemates 
it was proposed to have a vatilted gallery for the passage 
of guns, ammunition, &o., under cover along the rain- 
part ; and, on the opposite side of the gallery,* to have 
other casemates for troops, stores, Ac. Into these, also, 
was to be finally withdrawn the artillery of the anterior 
casemates'; so that the fire might from thence be con¬ 
tinued even after the latter should be destroyed. Ov».r 

able establishment' baa very properly been interdicted; andmpttt 
, paring the portion 6t the present Article which relates to Mining, it 
has therefore been respited rather to abstain from referring s|wcin- 
eslly to these latest improvetnentsin the Aft, than to ["*»•“ un_ 
authorized Use of the official papers in which they are descriueu. 

as ft 
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Fortifies- the upper tier-pf-casemates It was recommended that 
♦ion- there>*hbuldbeoonstructed an'ordinary parapet, from 
whence 1 'a fire of musketry and grenades might he 
directed to the bottom of the ditch. These different 
, tiers of guns would permit the defenders to make a 
grazing or plunging fire on the approaches of the be¬ 
siegers, as circumstances might require, and to oppose a 
quantity at Idast equal to that which could be brought 
against them.. . The artillery, also, being under cover, 

, the effects of Enfilade and reverse fires would be ren¬ 
dered null: so as to reduce the enemy to the necessity of 
eihpldying only those Which are direct, or perpendicular 
V to the luce of the work; and in the casemates the troops 
. might be securely lodged close to the spots ul which 
their- services would be required. The partition walls 
of the casemates were io he loop-holed, and the gallery 
of communication secured by barriers at intervals; in 
order that, in the event of a breach being mode in the 
lace of n work, it might be defended on each side by a 
c)os#firc of musketry from thence; and the Author of 
the Analyte concludes that it would be impossible to 
assault a place fortified in this manner, until after'the 
whole of one face had been completely destroyed. 

Notwithstanding the benefits acknowledged to be de¬ 
rived from the covert-way, by the facilities, which* it 
affords to the communications about the works, many 
serious objections have bccu urged against it, chicfiy on 
the ground of its. exposure to the ricochet, which the 
traverses very imperfectly prevent: while the steep 
counterscarp has also been considered as objectionable ; 
by reason of the impediment which it creates to the free 
* movements of troops, when it may be neces&ary to send 

them from, the body of the place to any part of the covert- 
way menaced by the enemy. _ On these accounts some 
modern engineers have proposed to dispense entirely 
with the coyert-way, substituting for the. counterscarp 
an inclined plane gently descending to the level of the 
bottom of the ditch ; and even those who advocate the 
preservation of the covert-way, have recommended a 
Description formation of this part of the works different in some 
of Nano- ■ respects from that which has been hitherto practised. 
.Icon's fort- The particular kind of covert-way here alluded to was 
Alesua- executed before* the works at Alessandria in Italy; a 
ilria. place which/during the reign'of Napoleon, was forti¬ 


fied according to a plan given by General .fchasseloup Fortifica- 
de Lauh&t. Alessandria is situated between the rivers "° n i . 
Bormida and Tanaro, which, permitting inundations to 
be formed, render it in a great degree inaccessible. The 
town itselfi which is of an irregular form, was sur¬ 
rounded by ah enceinte consisting of bastions and cur- 
tains, but without ravelins. The ancient citadel, how¬ 
ever, which was' hexagonal, had those outworks; its 
bastions were constructed with rfrillons; and both these 
and the ravelins wens' covered with Couoterguards. 

About the whole, and surrounded by the waters, were 
disposed nine horn or ctofirn works, each Consisting of 
two or‘more bastions,'but without ravelins ; a covert¬ 
way aqd glacis extended along the counterscarp of the 
ditch; and, beyond ihese, was an advanced lunette re¬ 
trenched by a redoubt hud protected by its own covert- 
way. All these covert-ways were without traverses; 
but, for the purpose of concentrating a great quantity of 
fire on the capitals, the interior of the glacis on the 
longer branches was cut en cremaillire. There-entering 
and salient places of arms were retrenched by redoubts ; 
and those in the latter were of a polygonal form, and 
having the crest of the glacis carried round them parallel 
to each face : by which construction.Several advantages 
were obtained. Fori the fires might be directed at plea¬ 
sure with considerable efficacy, to any required part of 
the sectoral space about each place of arms, and might 
command in. reverse the approaches of the enemy to- 
■ words the re-entering works: while the same plates of 
arms might be powerfully defended by the crossing 
-fires from the latter; and the redoubts themselves (which, 
from their situation, Were not liable to mask the fires 
from' the" principal works) were intended, by their ele¬ 
vation, to prevent the ricochet fire of the enemy from 
takingTeffeet. on the branches of the covert-way. Pali¬ 
sades, which have been hitherto considered 6s indispen¬ 
sable for protection against a sudden assault of the 
enemy, were here omitted.: it being considered-that the 
covert-way would without them be Sufficiently defended 
by loop-holed galleries, which were formed for the pur¬ 
pose behind the escarps of the interior works. These 
costly and extensive fortifications were subsequently 
destroyed by the Austrian Government. 
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DESCRIPTION OF TOE OPERATIONS OF A MODERN SIEGE; WITH RESPECT BOTH TO TI1K 
• ATTACK AND DEFENCE. 


: : CHAPTER I. 

' f , Progrete. of the Modem Art of Attack . 

-... Agebpral outline of the manner in which the Ancients 
V attacked and defended tjieir fortresses has already been 
<. giy^h/jahd il may be pbserved that nearly lhe>ame pro- ■■ 
•• ; ces&iymtitinued to lie employed, until the invention and 
use '©foattnpn caused A thorough revolution in the Art. 
^ ^br Sieges’. We. shaTl how,endeavour, as well as our . 
/limits wit permit, to folfour the ‘subsequent course of; 
improvement In the. methods of attack, down to the pre¬ 
sent times; aiiri it wilCforin the dhjef object of this rapid 
skefob,' to 'trace themehnsr by which the superiority, 


anciently experienced and uhtil.it late period preserved, Loogreten- 
, In the.resources of defence, seems at leugthto have been ti«n *if the 

. _ . . _t ?_< . ' ^ nnmmit 


ancient 
course ot 


completely and irrecoverably* reversed. 

, During the XlVlh iihd XVth Centuries, as the walls 
of ancient fortresses had for the most part undergone 
po alteration, and were Consequently discoverable to 
weir very bases from a'great distance, little more was 
necessary than to establish batteries at four or five 
hundred yards froth the place, and th employ them in 
breaching: whilst* trench was dug in a zig-zag direc¬ 
tion, towards the broken part of the ramipart, in order to 
serve as a covered road lor the troops in rushing to the 
assault. This mode of attack is practised even at pre- 



Fortifies* gent, when the* walls of a place are considerably ,ex- 
tion - posed. , But, when, .by ah improved disposition of thq 
ln ' J defensive works, and a' due. regulation; of their reliefs, 
the walla were, nearly hidden from'the sight of the be* 

- siegers, the latter were of necessity compelled .fa bring 
their guns to the very counterscarp,.in order to'see the 
wall low enough down for effecting a practicable breach. 
The defence now gained an advantage over the attack; 
but it was merely momentary,' The Art of gunnery 
made great progress towards perfection; and, whemem- 
• ployed in the. attack of fortresses, nothing is now found 

capable of resisting the overwhelming force of the mo- 1 
dern artillery.'. Up to about the middle of the XVIth , 
Century, no regular system of conducting the trenches, 
by which the fortifications were approached, seems to 

■ have been followed ; neither were sufficient precautions 
taken for protecting the saps in; proportion as they 
advunced. It therefore followed that considerable loss 
of time and of men’s lives resulted to the besiegers from 
the success which attended the sorties from the garri¬ 
son : who continually harassed the heads of the saps 

• both by day and night, driving the workmen from the 
unfinished trenches, filling in the excavations, setting 
fire to the gahioifs, &c., and carrying off the intrench- 
Invention ing tools. At the siege of Thionville, a. o. 1558, 
,t piacrv of Montluc* assumes great credit to himself for having first 
j , " ns,,,e suggested the means of obviating this evil: he tells us 
ruic cs, t jj al mlM j c at tj ic ent i „f cac h 7 ,ig-zag a little offset 
trench to the right or left, and plated troops in it to fire, 
upon any sorties that might attempt to disturb the work¬ 
men at the head of the sap. But this expedient was' 
loug employed in too limited a degree to prevent the 
frequent rccmrence of such interruptions: until, at the 
of parallels; siege of-Maastricht, a. ». 1873, Vaubnn being fully em¬ 
powered to conduct the attack according to his Own 
judgment, abandoned .altogether the old routine; and 
taking, it is said, a'hint from the operations of the Turks 
before Candia,—where being compelled to advance with 
the utmost circumspection. over a vigorously disputed 
ground, the Ottoman engineers hiul covered their 
advance with trenches in every direction—he traced his- 
zig-zags across the three capitals of .the front selected for 
the attack, and supported them at proper intervals by 
. places of arms or trenches of sufficient extent to envelope 
the whole of the works against which his approaches 

■ were conducted. 

and uf ri- Hitherto the batteries of the besiegers had been 
coeHa fins, (brown up in directions parallel to the line of rampart, 
the artillery of which they were destined to silence by a 
direct fire. The accomplishment of this end was, there¬ 
fore, slow and difficult: os the' assailants were under the- 
disadvantage of opposing breastworks ofloose soil fa the 
well-settled parapets of the fortress. The only means 
which they hud of silencing or dismounting the artillery 
of the place was by bringing down the parapets by the 
mass, and thereby depriving tile guns of cover. But 
before this effect oould be produced, their own batteries 
were repeatedly levelled; atid hence sieges were of much ■ 
longer duration and attended with far greater waste of 
lives; than after the introduction of a new mode of 
placing the siege batteries i of which we are now to give 
some account. It Was at (be siege, of Philipbourg, a. d. 
1683, that Vauban. Who bad for some time fully ob¬ 
served the disadvantage of . placing the artillery in the 
manner .above mentioned, determined to try (he effect of 

« ■ » . T ■ " ■» " , i “ >l **- 1 * ■ 

* Commcntnini tie Montluc, lib.Jiv. nil A/a. 1558.- 


,erecting hi* battSrieaat right angles with the prolonga- .rortifie* 
tions of the, faces of the works; trod of so regul„tiu«- the ' &*«■ • 
Charge and elevation of his guns, that fhe shot should * 
swetip the whole length of the rampart with frequent 
bounds, dismounting the guns, and, compelling the de- ' 

, fenders to quit the parapet. This mode of firing, which 
is called A ricochet, was found very successful. On 
ne chargeoii la pibcudeca batteries qu’d d&ni charge, 
says the Journal of the siege, oil a un quart de charge; 
et on let pointOit tout k long du thernin convert da 
brancha de I'auvrflge & came et de celiti a couronne. 
ta boulets. en effieurant la, palmades et.labourant la 
ierre,faiment plusieurs bond*; H alloient te perdre, en 
mutant’ juUjwt dans let’ chemins Converts cl dans Ice 
. ouvrage* detaches du corps de place sur k front de la 
grande attaque. Ca so rice de batteries ont plus incom¬ 
mode la ennemis que toules la autre*. A ’few years 

■ afterwards, at the siege of Ath, (a. i>: 1697,}. the advan¬ 
tage of thjs new mode of firing was more fully seen, 
and its success more complete: for that fbrtress. of Vau- 
ban’s own construction and regarded a$ his master-piece, - 
.was besieged and captured by him, after only thirteen (fays 

■ of open trenches, and with toe trifling loss of iwoofficers 
and fifty men killed, eight officers and one' hundred and 
forty-two men wounded. The'total expense incurred in 
the siege amounted.to no inure than £9570. The Art 
of Defepce may be said to have never recovered front the- 
inferiority, into which it fell in consequence of this change 
in the. employment of the artillery. From this period 
we may date the decided superiority of the Attack;, and 
there is little hazard in predicting that this superiority 
will even yet increase: unless expedients he found for 
covering the artillery of fortresses from the destructive 
ricochet, and the no less destructive fire of mortars; of 
which the use is now so much multiplied; and the sesv 
vice conducted With such astonishing precision. 


CHAPTER II. . 

- Preparation* for a Siege. . 

* ; • . , ‘i 1 ' * t. . ' ’ 

When the siege of a place is decided upon; the first step i ftTC »t- 
taken is to make the investment: which consists in seiz- meat, 
ing suddenly upon all the avenues to the place; carrying 
oft' every one and every thing which, by the negligence of 
the garrison, may be found outside ihe wellt; and cutting 
off all communication with the exterior. The works of 
, the place and the surrounding country are then care¬ 
fully reconnoitred; and a correct plan made of them, If 
the besiegers ipdecd should not be .Already provided 
with one. The besieging porpe are encamped beyond, 
the range of the cannon of the. fortresvin- ailudtions 
best adapted, to the troops, pf. each particular arm. - 

Lines of chcumvollatipn aufl countervalialioti to Lines of. 
cover these encampments are ppw so little resorted to, cireumv«]- 
that we shall confine oursfelveafathe mere Cxplanatioii 
of theft- nature ; and it fa h«flre Sufficient to observe that, Zion? 7 
. generally speaking, they may be omitted In sieges, and SMi>t*a<e 
a few frfrts or redoubts Substituted for them in com- fit. Bg. 1. 

‘ mending situations. In'modern warfare,' each of these . 
lines consists of a chain of redans/, lunettes, or qtlier 
works- constructed at small (listauces from each other 
•round the fortress, and geuerally'connected by curtains ; 
either straight or bfaken. Linesof circumvallatinn are 
those widen, facing towards tiio country, are intended a*. ■ ‘ ’ 
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Fortifies* a cover freon 4be attempts of the enemy** movable forces 
tiou. to disturbthe operations of attack and relieve the place; 
and lines countervailation are made within the above, 
at a convenient distance facing the fortress, to check the 
. enterprises of a strong and spirited garrison. The 
Attest example .that can be cited of the utility of these 
lines, i* the successful defence made by Caesar within 
his inlrendpmeota before Alpsia, although attacked in- 
front and. rear by two armies, each more numerous than 
his own. But the suppression of these lines simplifies 
, considerably the operations of o siege; though it would 
be Imprudent to proscribe them altogether: since cases 
may arise to render their employment an unavoidable 
measure. Thus, at the siege of Mutitua in Napoleon’s 
first Italian campaigns, the French army was intrenched 
between works facing both the place and the country: its 
numerical weakness and other causes rendered the pre¬ 
caution necessary, and the result fully justified it. 
Collection Previous to commencing the attack, care is taken to 
ol mate- provide in the neighbouring woods or forests the mate¬ 
rial*. nals necessary for the construction of the trenches; viz. 

fascines, gabions, pickets, sap-faggots, and hurdles. 
Fascines are bundles about a foot in diameter, composed 
of the smaller branches of trees, bound together at inter¬ 
vals with twigs. They are of different kinds: the 
smallest are six feet long, and are used for tracing out 
the trenches on the ground; the larger kinds, which are 
frequently called i auemonz, are twelve feet or eighteen 
feet loug, and serve to revet the slopes of butteries. 
Gabions are cylindrical baskets open at both ends: the 
stakes, round which the twigs are woven, being allowed 
to project a few inches beyond the basket-work at both 
ends ; so that, in placing them, the undermost ends are 
driven into the.ground, and oh the uppermost may be 
fastened fascines to augment the height- ami solidity of 
the work. The gabions used in sieges are rather 
smaller than those employed in other field works : they 
are here generally about eighteen inches wide and two 
feet and a half high, and weigh from thirty to thirty-five 
pounds. Pickets are made three feet long and sharp at 
- pne end* Three of these were deemed necessary, per 
fascine. Sap-faggots are bundles of strong branches 
placed v6ry 1 close together, strongly tied in two places; 
and then sawed to a length of about thirty inches. The 
diameter of a faggot is from eight to ten inches; and a 
, picket or stake three feet loug is placed in the middle for 
the purpose of fixing it upright wherever it may be 
necessary. 'fjiese faggots were used to close up the in¬ 
terval between two contiguous gabions; but sand-bags 
are now preferred for this purpose. The hurdles are 
woven on eight stakes, which form the skeleton. Their 
dimensions are usually six feet by three. Besides the 
above-mentioned stores, a quantity of sand-bags are 
prepared beforehand by the engineer department, and 
are filled at the moment they are required for crowning 
the (parapets, or for other purposes; All those stores are 
accumulated in one or more places conveniently situated 
wKh respect to the attacks, and which are called the. 
depdts. The judicious choice of the spots to bc occu- 
pwd by the artillery and engineer parks is by no meaus 
liftihypoytant. They should be so situated as to permit 
teadynjttl easy communications, between them and the 
trenches. '.They should be near water for the conve¬ 
nience of the cattle, and as much as possible screened by 
; 4 i^ 0 pis'ot. rising ground Atom the fire of the garrison. 

■fh-jifaW proceeding to describe the operations of the 
siege, we Shall suppose them to be conducted against a 


place fortified in Vuuban’s original manner; and that Fortifies* 
the front of attack consists merely of two bastion* and tiqn. 
an intervening ravelin. This supposition i* made for ^<**v* l ** / 
two reasons: 1st, because it is the simplest way by 
which a general idea of the manner of conducting sieges • 
can be conveyed; and Sicily* because there are more fort¬ 
resses in existence constructed upon Vauban’s First 
System than upon any other outline. We shall likewise, 
in order to avoid intricacies altogether foreign to our 
objaet, suppose the ground over which the operations 
are carried on to be a level plain. These preliminaries 
being settled, it will be proper, previously to breaking 
ground, to state what measures should be taken within 
a fortress, when threatened with a siege. 

If the siege of a plats: is one of the most important Precaution- 
operations in .war and requires the greatest possible ary duties 
talent tit the Generals intrusted with its conduct, it may of a Cover- 
easily be conceived that, to resist a well-conducted siege, nor ’. 
requires still greater ability, experience, and cool intre¬ 
pidity. Some imperfect idea of the duties involved in- 
the defence of a place, may perhaps be formed from the 
following details. 

An officer who is sent to take the command of a fort¬ 
ress, is Iron ml to muke himself acquainted with every 
circumstance essential to its defence. 1st, lie reconnoi¬ 
tres personally all the ground over which an enemy 
may conduct his approaches; and weighs the advan¬ 
tages and disadvantages of eucli spot, so that he may act - 
accordingly at a fit moment, and profit by every favour¬ 
able oppprtutiily of making sorties. 2dly, He carefully 
examines the advantages ami defects of all the fortifica¬ 
tions, in order to turn the Ibrmer to the best account, 
and remedy the latter as far as may be possible. 3dly, lie 
makes the necdssary requisitions tor completing the gar¬ 
rison in stores of every description, and endeavours to 
have an adequate number of troops of the different 
arms* 4thly, He prepares a proper distribution of his 
artillery, aiid causes tables'to he made of the distances 
of all the points about the place. 5lhly, From lire mo¬ 
ment at which the fortress is declared to be in a state of 
siege, both his powers and duties acquire new extent: 
the civil authorities are subordinate to him ; secret intel¬ 
ligence and- espionage without; a severe, police within ; 
civil and military administrations, finances, the works of 
the defence, the service of the artillery, the distribution 
of the troops, the employment of the inhabitants in ex¬ 
tinguishing conflagrations, au<l the means of repressing • 
popular commotions ; all these important cares are his. 

Tlte issue and expenditure of provisions and ammunition 
demand the strictest attention in order to prevent abuses 
arising from negligence or cupidity. And it ia likewise 
important to keep the state of the provisions a profound 
secret previous to, and during the siege, for reasons too 
obvious to require mentioning. 

Meanwhile the parapets, banquettes, platforms of 
guns, be. are repaired ; eyery thing is done to facilitate 
communication with the outworks; great quantities of 
fascines, gabions, and sand-bags are made nml laid in 
store. Tire inundations, where ground permits them, 
are also nmv formed. Telegraphs may be constructed, 
and signals concerted. Every object within one thousand 
or one thousand two hundred yards of the place, that 
ebukt afford cover to the enemy, is levelled with the 
■ ground ; and every possible difficulty is opposed to the. 
completion of the investment. Detachments of expert 
ixftrkxtneit are stationed in ambuscade by day and night, 
as far'ad six hundred yards from the piece, to cut off any 
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persons employed in reconnoitring. Whiiftt the be- fire ia made upon hie workmen from the cannon of the ftBffi-s 
siegers are encamping and marking their first dispoai- place; This may perhaps scare more than, do harm- ties, 
tious, every attempt is made to penetrate their views'as bat it will not fail to intimidate the workman ; and a Vi -v < *' ; 
to the front wbich they mean'to attack. Care is taken to sortie performed rapidly ami cleverly by a few dragoons, 
watch.from the church steeples where they appear to be will, together with the darkness of the night, wbich mag* 
fixing their park of artillery: that once ascertained, the niftes danger, tend to create confusion and delay the 
rest can be nearly guessed. From this moment a Buffi- progress of the work. There being no longer any donht 
cient proportion of cannon is concentrated upon the as to the front which the enemy has chosen, the works ' 
front attacked ■, and the service of the garrison is orga- of the defence will forthwith commence accordingly, 
nized: it is divided into three bodies, one of which re- Traverses will ’be placed along die lerrepleins of the 
poses, another remains in readiness to act, and the third faces, and parados—or covers from reverse fires—on the 
is on immediate duty. The measures to. be taken by flanks. Interior retrenchments (if none permanently 
the Governor of a place might of themselves fill volumes:- exist) will be commenced in the bastions and ravelin, 
but we have said as much as our limits justify; and we Tambours will be made in the re-entering places of 
will therefore proceed to the operations of the besiegers,, arms of the covert-way, end a double palisade on the 

latter extending along the whole front of attack. If 
tliese two last measures be properly taken, it will be out 
of the enemy's power to possess himself of tbe covert. 

CHAPTER III. way otherwise than by the regular sap; as no hope will 

remain Of his succeeding in attempting it by storm. If 
Operations of a Siege. the ravelin be a full one, that is, if its terreplein be on 

a level with that of the rgmpart, the retrenchment made, in 
, Everything being in readiness forbroaking- ground, a it may.be in the form of aeinali ravelin with flanks. But 
working party, re&uluted in respect of numbers according if Jt bo a hollow one, no other retrenchment can be made, 
to the extent of the intended parallel and cnmmuuica- than a strong tambour of carpentry, whh loop-holes in 
tions, parades ut night-fall at the depot. These men it, covering the communication or retreat- in rear. The 
are provided with iutrenchiug tools (spades and pick- retrenchments in the bastions, if the latter are full, (and 
axes) and fascines. They are marched to the ground, ifthevare not* it is needless to think of retrenching 
preceded by an armed force, called the covering party, them,) may be made in the. form of a tenaille; or, If 
When they have reached the spot where the engineers there is room, in. the form of a small front of fortification 
have previously marked out (with a white line) the place extending from shoulder to shoulder, or rather from 
for the first parallel and the zig-zags, or oblique trenches, points on the faces token at a few yards from the shoul- 
conrimumcaling from it to the depot, they are extended ders. These retrenchments are made of earth, revetted 
along that line, at intervals from each other of six feet, with saucissons, and armed with palisades and fraisea. 
which are marked out lor them by the non-comniissioncd Field-pieces and IwWitzers are brought into the projcct- 
ofticers. Each workman then lies down upon his belly, ing parts of the covert-way to rieocheter the besieger’s 
to lie the less exposed to the fire of the garrison whilst works. Mortars are placed at the gorges of the bastions, 
waiting for orders to begin to dig. In the mean while along the curtain and'in the ravelins. They inay even 
the covering party, drawn up at a convenient distance in be placed with advantage in the ditch, when it is a dry . 
front of the parallel, alter detaching small parties nearer one. - . 

towards the place to give early intimation of sorties, is The oblique communications towards Ihe place now Attack, 
likewise ordered to lie down.. Every filing being thus commence;; and ate driven forward from tbe first parallel 
arranged, the word is given to begin to work : upon to the. intended site of the second. The prolongations of 
which the men loosen the earth with the utmost possible the faces of tbe works and branches of the covert-way 
expedition ; throwing it up on the side next the place; are marked Oil the first parallel, in order to determine 
nnd taking- care to leave one toot of space between the the situations of the ricochet batteries: tbfae batteries, 
edge of their excavation aud the tracing line. This is and the^ particular faces of the bastions and ravelins 
to prevent the earth from crumbling into the trench, and which are enfiladed “by* their fire, may be seen in tig. 2. 
the space so left is called the berm. -As soon us., day The time occupied hi their construction isr generally front 
begins to dawn, or sooner if file parallel be capable of forty-to fifty hours. Two or three large mortars ore 
affording cover, the covering party is withdrawn tram its: placed'in eaclrof these batteries, to throw Shells into the 
exposed situation into it. Should, any light-balls be works; by means of which the besieged iskept in oon- 
Uirown from the town amidst the workmen, they will 1 tinual alarm, and con nowhere find .safe cover; It 
endeavour as soon as possible to extinguish them, cither, must not be supposed that there is kity absolute neecs- 
by shovelling earth upon them, or covering them with sity for fixing the ricochet batteries exactly in tbe first 
tubs made from commissariat casks sawed in two, a few parallel: they may lie planted in any convenient situa- 
of wbich ought to be kept in the depdt ready for the tion upon the prolongations of the works; and it will 
purpose. For a general idea of the dimensions and be attended with no great disadvantage if that situation 
appearance of parallels, and zig-zags of communication, be not ao uear the place as the first parallel. At the 
we refer the reader to fig. 3 and 4. pL ill, which repre- sieges of Ypree, Fribourg, Mons, Namur, Maastricht, 
sent profiles of such works. and Gibraltar, they were pf necessity constructed at one 

Meanwhile a good look out from the fortress is kept thousand or one thousand two hundred yards from the 
throughout the day to' ascertain where the enemy pro-,, works of the place;'and they produced, notwithstanding, 

1 loses breaking ground ; and as Soon fife night sets in, a very good effect. Recent experiments have, however, 
ight-balls are thrown in every direction to a distance of shown that the shot from such batteries are most effica- 
six hundred yards from the place; From the moment cions! when the’distanc'o of the latter from the work to _ 

■the enemy’s design 8rdiscovered, the heaviest possible be enfiladed does not fexceed four hundred yards. 
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Fortifies* Light-balls are thrown out from the fortress to enable 
tSoa. the gunnerkto see and fire upon the ricochet batteries 
.whilst constructing; and it may be expedient, in order 

Defence, ^ fgtard their completion, to batter one dr two of them 
at • a time with a good number of cannon, as, for the 
reason to be presently -given, the besiegers prefer delay¬ 
ing to unmask their batteries until they are all finished 
and ready to open their fire. If the enemy's guard in 
the trenches does not appear to he very strong, a grand 
sortie may be tried. If the case be otherwise, small 
ones may answer the purpose by frightening away the 
workraep occasionally, and thus causing their operations 
. to be suspended. 

Attack. • The, ricochet batteries are finished and unmasked;" 
and the line of aim, the charge, and the elevation of each 
gun are regulated with such a nicely, that they shall be 
able to fire by night as well as by day. The unmasking 
of all the batteries is done at one moment; in order that • 
no particular one should draw upon it an undue propor¬ 
tion of the tire of the garrison, whereby it would soon be 
utterly destroyed. The communications to the second 
-parallel are continued; but the nearer the place is -ap¬ 
proached, the greater is the vigilance which should be 
exercised to anticipate the sorties of the garrison. 

Defence. The utmost diligence is now observed in forwarding 
the works of the defence. The same fire of cannon and 
mortars is kept up as in the preceding days. The capi¬ 
tals continue to be ricoclietled and sorties are undertaken 
at appropriate moments.’ 

Attack. The effect of the ricochet batteries is already visible 
from the diminution of the fire of the place; so that the 
-second parallel may be undertaken at three hundred 
yards from the crest of-the covert,-way. The second 
parallel is to be executed by night, under the protection 
of troops stationed in short trenches, which are driven 
out from the angles of tire zig-zags, towards the right 
or left hand, as the case may be and as the distance 
from the place is,now so much reduced that the fire of 
. musketry and grape may here be fully felt, it is deemed 
necessary to use gabions for the construction of this 
parallel, iii lieu of fascines: which gives to the profile of 
t)ie trench, when . finished, the appearance exhibited in 
fig, 3. The operation of digging the trench behind u- 
row of gabions placed openly on the. ground is called 
the flying sap. Some engineers recommend the con¬ 
structing of a redoubt at each ctidof the , parallel, as a 
more effectual prevention against being turned by sor. - 
tics; but it is jitter to unite the extremities of the two 
parallels .by a trench well defiladed from the place,, as 
shown on the left-hand side of fig. 2. 

Defence. , Tpe construction of the second parallel is disputed by 
every possible means, and the most vivid fire of all arms 
Is directed upon it. Small sorties are made during the 
nijjhl; and towards morning, when the guard of the. 
trenches and the working party are much exhausted 
with fatigue, a grand sortie of fresh troops is poured out 
v-wpon them.x Tbe firing at daybreak Is continued as 
Usual. - ' 

■ The sccpud parallel is at length finished in spite pf 
opposition. The communications forwards ore com- 
. ineuced. New zig-zags are marked out and executed to 
. within one hundred and twenty, or one hundred and filly, 

■- yards of the; covert-way. At this distance ;it is found 
Accessary to give additional support to the works of 
approach; ana half-parallels are made for the purpose. 
Batteries are made at the extremities of these demi-pa- 
rallels, for containing howitzers wherewith Ui dismount 
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the artillery of the flanks, sweep the brunches of the Fortifies- 
covert-way, and destroy its! palisades. The precaut ions 
taken for repelling the Bortics will depend upon the "‘v***' 
energy exhibited by the garrison at this period ; but it 
will be well always to kqep on each flank of the trenches, 
and covered by a breastwork of sufficient height, a body 
of cavalry-reedy to cut off the retreat of the enemy, _ 
should his zeal lead him far enough in attacking the 
trenches. 

In the defence, the same line of conduct is followed as Defence, 
before, counteracting as much ns possible every thing 
done by the besieger. The means of resistance are 
diligently improved. The damaged parapets .are re¬ 
paired j as arc likewise the traverses, palisades, bridges, 
ramps, &c. that may have received injury from shot or 
shells. 

The batteries in the demi-parallcls arc finished, and Attack, 
their fire is opened. Zig-zags are pushed forward 
along the capitals. These zig-zags now necessarily 
become shorter, more frequent, and more oblique, in 
order to adhere to the condition of avoidiug the enfilade 
fire of the place. The flying sap is no longer practi¬ 
cable; it being impossible, under so close a fire from 
the covert-way and ramparts, to place tfie gabions in the 
uncovered manner hitherto done. A slower but safer 
expedient is how adopted, called the full or single sap. 

Its execution, according to the latest practice, is as fol¬ 
lows. The sappers emplojed are told off in brigades of 
four; and these are numbered first, second, third, and 
fourth. The first sapper rolls before him a large gabion 
stuffed full of fascines, to cover him whilst he places a 
gabion in the line of the intended trench, and fills it by 
excavating a portion eighteen inches in width and as 
much in dept!). The second sapper, who follows him, 
widens the trench to three feet two inches without in¬ 
creasing the depth, and continues filling the gabions. 

The third sapper’ increases the depth of the trench to 
three feet, on a breadth of twenty inches, under the part 
excavated by the second sapper ; so that there is left a ■ 
step eighteen inches in breadth and os much in height 
on the side of the trench which is next to the line of 
gabions. The fourth sapper only increase* the breadth 
of the trench by ten inches’, but he digs to the depth of 
three feet from the ground: thus the work of the four 
men is nearly equal; and cover is more speedily obtained 
than by. the former method of executing this species of 
sap. .When the gabions are full, saucissons urc fastened 
on the top of them to render the work more solid ; and 
the trench is then carried to the necessary breadth by 
the ordinary working parties of the line. The work of 
the sap is of so dangerous a nature, that the sappers arc 
frequently relieved; and their exertions are, moreover, 
stimulated by a pecuniary recompense, which is increased 
in proportion as the danger becomes greater. The ave¬ 
rage quantity’of this kind of work which can be executed 
per diem of twenty-four hours is one hundred and sixty 
yards .in length,. When the zig-zags.have reached the 
foot of the glacis, a sap is driven to the right and another 
to the left; and this being done at the head of each zig¬ 
zag, the junction of these saps and the extension of the 
outside ones, as' far .as to embrace the whole front, will 
cbmplete the third parallel. 

This is the most favourable moment for making vigor- Defence, 
ous sorties, by issuing suddenly from all the branches 
pf Vie. covert-Way; to facilitate which, ladders may be 
placed along the covert-way to enable the troops to pass 
over the parapet. Every expedient, which the most 
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ratifies.- intelligent genius and intrepid spirit can devise, must be 
tion. fried to delay the junction of the saps which are to com. 
picte the third parallel : for, from the moment that this 
is effected, all attempts at sorties from any part of the 
front attached will be hopeless. A heavy tire of grape 
is directed upon the heads of the sap. 

Attack. As soon as the third parallel is completed, batteries 
are commenced in it for howitzers, great mortars, and 
those ibr throwing stones or one pound balls, wherewith 
to drive the enemy from tlie places of arms in the covert- 
wav. lly this means all the tire of the place that would 
obstruct the crowning of the covert-way will lie subdued. 
The batteries in the first parallel may now cease firing, 
being replaced by those last mentioned. When circum¬ 
stances render it expedient to storm the covert-way, 
steps are made in the third parallel on each side of the 
capitals of the bastion or ravelin attacked, that the troops 
may be enabled, witli greater facility, to ’pass over the 
breastwork of the parallel when lushing to the assault, 
These steps occupy a sufficient length for a company to 
go over in line. The cases are rare where such a mode 
of attack is justifiable. The loss which always attends 
it is incredible. In the attack which we have supposed, 
it could not. be undertaken with the least prospect, of 
success, if the fovert-way has been provided with a 
double palisade. The alternative, therefore, which re¬ 
mains, is the attack of the covert-way by a continuation 
of the former process. From the third parallel, at thirty 
yards from each side of the capitals, curvilinear saps are 
driven forward in such a manner that when they join, 
they shall form an urc towards the place aliout sixteen 

See yards beyond the third parallel. From the centre of this 

circular portion, n double, sap is driven straight along 
the capital to within about thirty-six yards of the crest of 
the covert-way. This double sap now branches off into 
two single ones, to the right and left, for the formation 
of what are. termed trench-cavaliers,* or excavations 
having very elevated parapets, with a view of obtaining 
a commanding fire of musketry into the covert-way, 
and driving from it any troops who might dispute its 
crowning. The reason why this distance is chosen for 
1 he trench-cavaliers is, that they may be constructed 
beyond the range of hand-grenades, which can generally 
be thrown to about twenty-six yards. The defenders of 
tiie covert-way being thus driven from the space com¬ 
prised between the two foremost traverses, the besiegers 
hasten to sap up to the salient angle, and then extend their 
lodgement to the right and left along the whole crest of 
the covert-way, which tile enemy will be obliged to 
abandon in proportion as the sap advances. The batte¬ 
ries destined to extinguish any remaining fire in the 
defences are now commenced at the salient angles of 

See fig. 2 , the covert-way; these are called counter-batteries. The 
breaching batteries are likewise undertaken, as is also 
the descent into the ditch. 

Defined The heaviest possible fire of every kind is kept up 
upon the heads of saps, and particularly upon the 
trench-cavaliers whilst constructing. A few oblique 
embrasures may advantageously be opened in the cur¬ 
tain for this purpose, the effect of which will be greater, 
owing to the difficulty of ricochettiug the guns placed 
there. Barrels of inflamed combustibles may also be 
Tolled down the glacis upon the heads of saps. When 

* A hint for raising these works was taken from the practice to 
vjhich the Tiicke, at the siege of Candia, were olilimsl to resort to 
gain a plunging fire into the bastion of 8. Amiri, the fire of which 
they, until then, had been unable to get tinder. 
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by the crowning of the covert-wny. the latter is ; ,ban- Fortifies- 
doned, care m taken to destroy the traverses in it, that tion. 
they may not afford cover to the enemy; and this i,r lv l )C 
done by exploding some small dtaiges previously 
lodged 111 them for the purport.. The enemy’s descent 
into the ditch is anticipated ; and oblique embrasures are 
made at the extremity of the curtain to pour a (ire into 
the opening, which ho is about to make into the ditch 
through the counterscarp wall. 

As soon as the batteries on the crest of the gl. lc j., are Ait 
ready, they begin their work of counter-battering and 
breaching. Expert marksmen ore placed all along the 
lodgement, to pick off the enemy’s gunners, or any" one 
in fact whose head is seen above the parapets or through 
the embrasures. The descent and opening into the. 
ditch is completed ; and a sap is made across the latter" 

(if it be dry) to the foot of the breach. If the ditch is 
wet, a bridge is made across it by an accumulation of 
fascines. Now, if the works within were known not to 


:arl(. 


lie retrenched, the assault might forthwith be given, 
should the garrison, upon being summoned, refuse to 
capitulate; but as the besieged is supposed to luve 
retrenched himself, the sap must be continued up the 
breach, when the latter has been made quite practicable. 

Meanwhile the sap across the dilell is heavily hat- Defined, 
tered by the besieged. Dispositions are made for an 
obstinate defence of the broaches, by lining their tops 
with abuttis strongly linked, or by cbevnux de frisc of 
sword-bhules kept in readiness to lie linked together the 
moment the enemy ceases to fire upon the breach. This 
was executed by the French at Badajos,* with a success 
that will he long remembered. Loaded shells arc kept 
ready to roll down upon the assailants, as well as barrels 
of combustibles. A large fire may be lighted on the 
breach, and kept up by a continual supply of fascines 
steeped in pitch or grease. The foremost troops des¬ 
tined to receive the shock of the assailants, are provided 
besides their ordinary arms witli all possible weapons of 
resistance; and when obliged to cede to the overpower¬ 
ing torrent of fresh assailants, they effect a retreat in 
good order to their retrenchments; behind which they 
renew the defence. 

If the ravelin is only retrenched by a tambour at the Attack, 
gorge, the assault may be given at all three breaches 
simultaneously. As soon ;is the storming party have 
cleared the top of the breach, sappers arc brought for-' 
ward to make a lodgement on it with gabions, which 
has been fancifully called the magpie’s nest. Howitzers 
are then brought into this lodgement to answer the fire 
of the retrenchment; upon which likewise a heavy fins 
of shells is directed from the batteries on the crest of the 
glacis. The interior of the bastion is crossed by the sap 
in the usual manner; the counterscarp of the retrench¬ 
ment is crowned with batteries by which the parapet is 
tube destroyed ; and, this being effected, the assault is 
given. 

Such are the usual operations in the attack of an 
ordinary fortress; and such likewise is the defence when 
a proper resistance is made. The hope of protracting 
the latter beyond this period must depend almost en¬ 
tirely upon the feeling and spirit of the inhabitants. 

The siege of Saragassat in the Peninsular War presented 
a memorable example of a defence continued, from street 


* On (lie niiflit of th« 6lh of April, 1812. 
f «,/. de, Su.jr, de Saruff'jtK tl de Ter hie, by General Jlaron 
Hopniat,Furis, IS 11. 
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to .street, for twenty-three days after the whole of the works 
of the place hail lieen penetrated. Hut such instances of 
patriotism are so rare, that they are rather to be admired 
than anticipated. The siege, which we have lieen sup¬ 
posing-, would occupy upon a fair calculation nine- 
teen or twenty days, from the first day of breaking 
ground. 

When a place is fortified with very salient outworks, 
it becomes convenient to direct the central line of ap¬ 
proach on the capital of a bastion, and the others on 
those of the two collateral ravelins, for the reasons 
which have been formerly given. The process of the 
attack will, however, be the same' as that above de¬ 
scribed, so far as the completion of the third parallel: 
but the sapping must afterwards be conducted only up 
'the glacis of each ravelin nhereout the salient angle of 
its crest, eounter-ballcries are formed as before ; the 
approaches on the glacis of the intermediate bastion 
being suspended on account of the reverse fires from 
the ravelin on each side. Before the construction of the 
breaching batteries on the glacis of the ravelin, it may 
be necessary to execute a portion of a finnlli parallel ill 
the direction of a line joining the extremity of the 
counter-battery on each ravelin, and extending about 
midway from thence to the salients of the bastion : in 
order to afford cover for bodies of troops, who may keep 
do,i n the fire from the works, and protect the sappers 
in forming the breaching batteries which are to act 
against the ravelins. These latter works being breached, 
may lie assaulted, and a lodgement may lie formed 
about half way up each of the breaches, where it will 
not be exposed to the fire of the redoubt in the ravelin. 
A trench is next driven by full sap from the lodgement to 
the counterscarp of the redoubt ; and, turning to the 
right and lefr, the sappers extend this trench to about 
the middle of the face of each ravelin. In this exca¬ 
vation, it space permits, artillery may be placed to breach 
the redoubt: but should the narrowness of the ravelin 
prevent the formation of such a battery, cither a portion 
of the mass of the ravelin must be destroyed by a mine, 
and the redoubt breached, through the opening thus 
made, by a battery purposely constructed on the glacis ; 
or a miner may be attached to the escarp of the redoubt, 
where, under cover of timbers placed on end and lean¬ 
ing against the wall, he may make an entrance and 
place powder in chambers (brined under the capital of 
the work. This being fired, a breach will be made in 
the icdoubl, by which an assault may lie given. Should 
it succeed, the interior of the work will be occupied by a 
lodgement of the besiegers ; from which a fire of artillery 
may lie directed both against the opposite curtain, and 
against those flanks of the collateral bastions which 
have a view of the intended descent into the main ditch. 
Since this redoubt commands the ravelin in which it is 
placed, the defenders will be obliged to abandon any 
retrenchments which they may have made in the latter; 
and, subsequently, the redoubts in the re-entering places 
of arms, which are also commanded by the rave lins. The 
outworks being now in possession of the besiegers, and 
there being consequently no reverse fires to annoy them, 
the approaches on the intermediate bastion may be com¬ 
menced by sapping up its glacis, and crowning it with 
breaching and counter-batteries as before; but under 
the protection of the troops in the fourth parallel, which 
is completed for the purpose by driving a portion from 
the extremities of the counter-batteries to join the pait 
already executed. A place thus fortified may reasonably 


be expected to hold out seven days longer than one con- Fortifim. 
structed oil Vauban’s First System. v timc^ 


CHAPTER IV. 

Subterranean Attack and Defence. 

In the preceding detail of the ordinary processes of M.magc- 
a siege, we have purposely omitted all reference to the '"cut amt 
use of mines either by the assailants or the garrison : f, ' v,s oi ; 
because, as such works cannot in every ease lie cm- 
ployed; ami as they form rather occasional aids (ban 
component and indispensable paits of the hostile opera¬ 
tions; it has seemed useless to intci nipt the general 
narrative of the attack and defence above ground, and 
to distract the attention of the reader, by intermingling 
with the main subject any unconnected notices of sub¬ 
terranean warfare. Moreover, this method of nssad- 
nrent constitutes so distinct, a branch of the Art of Sieges, 
as well to deserve a separate consideration ; and the 
present appealing the most appropriate place wherein to 
introduce also some explanation relative to the manage¬ 
ment and effects of the system of defensive mines, ol 
which we have, in a former Part, ulieady described the 
nature and construction; we shall devote the Chapter 
before ns exclusively to a brief sketch of the subterranean 
operations, to which both the assailants and defenders 
oi a fortiess may have recourse in order to accelerate or 
retard its capture. And here it inay at the outset, he 
observed, that the success of either parly will greatly 
depend upon the latitude given liy the other to his 
ellbrts, cither through impotence of means, or want of 
equal address uud intelligence. 

If a fortress has been befoichand provided with such Defence, 
a regular system of countermines as we have already 
described, the advantage of preparation (or a subterra¬ 
neous conflict should, with proper energy, lie wholly on 
the side of the besieged. As soon as bis enemy, by 
breaking ground, has indicated the front of attack, he 
should drive forward branches to meet him from the ends 
of the listening gallcrieseven so far as the points at which 
the demi-parallels are made, with a view of commencing 
the work of destruction as far off from the place as possible. 

It is likewise recommended to sink shafts at the ends of 
the listening galleries, from the bottoms of which oilier 
galleries may be driven towards one another so as to 
form by their junction a second envelope, which may in¬ 
tersect the line of the besieger’s approaches in whatever 
way it may be directed. For.then, on hearing him at 
work, either from this new envelope, or from, the ends 
of the above-mentioned branches which have been driven 
forward, he may soon be reached, and smothered by a 
small charge sufficient to blow in the wall of the gallery 
behind him, yet not great enough to produce a crater. 

For it is obviously disadvantageous to the besieged that 
his mines viould produce uuy craters if he can possibly 
manage otherwise; since they become so many places 
of cover where the enemy can immediately make lodge¬ 
ments. But if n crater is inevitable, it should be inude 
of the largest possible size, as, by reason of its shal¬ 
lowness in proportion to its width, it can lie more 
readily seen into from the place, and consequently will 
afford less cover. The besieged having his work all ready 
need do no more than listen attentively; hearing with¬ 
out being heard; announcing himself only by eifects 
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as prompt ns destructive ; and rendering it as difficult 
to escape from, as to reach him. 

Let it now he supposed that the besieger has begun 
by sinking shafts behind the parapet of his parallel, at 
forty yards front the ends of the branches of the be¬ 
sieged; and that, in order to avoid destroying his 
own works upon the surface, he intends advancing 
twenty-six or twenty-seven yards before he charges his 
globe of compression. Then since miners, as already 
explained, can he heard at work as far off as thirty 
yards, it is evident that the besieger, as soon ns he 
shall have driven about ten yards of gallery, must ex¬ 
cavate the remaining sixteen or seventeen in the hearing 
of his enemy. From the moment the latter has heard 
him, lie drives forward without loss of time, in a parallel 
direction, a brunch sixteen or seventeen yards long, 
which will of course extend beyond that of.the besieger 
by two or three yards : so that the latter inay be imme¬ 
diately taken in reverse, and smothered by a charge 
calculated to destroy a good portion of his gallery. 
Here it may be seen that the besieged fan, if he takes 
care, he always beforehand with the besieger,the nature 
of whose work js calculated to occupy much more time 
than that of his enemy ; for he has to excavate a large 
chamber, lodge a great ((tmiit ity of powder, (transported 
thither by night for greater security from accident.) and 
lamp a great length of branch. Now the best thing 
which the besieger can do, in this case, from the moment 
that he may have reason to apprelu-nd that the besieged 
lias got into his rear, is to stop short immediately and 
cliaige his globe of compression : the springing of which, 
although perhaps rather premature, may nevertheless 
crush the besieged in his new woiks, as well as blow in 
his galleries of eariier con-ti action. The miner of the 
besieger, however, may avoid by a timely retreat the de¬ 
struction preparing for him - as lie can easily distinguish 
that his enemy is tamping and not driving, by the dif¬ 
ference of sound, which in the former ease recedes, and 
in the latter draws nearer. 

The disadvantages which may result to the besieger 
from thus prematurely springing his first globes of com¬ 
pression are as follows : 1st, The too great proximity of 
his own trenches on the surface may entail their destruc¬ 
tion. 2d!v, Fly his not being pethnps sufficiently near 
the ends of the branches of the besieged, neither (he 
latter nor the envelope will he much damaged, ftdly, 
lit- will not have made the desired degree of progress. 
Immediately after the springing of the first globes of 
compression, the besieged will go to the ends of those 
puts ol the branches which may have escaped destruc¬ 
tion, and drive forward in order to lodge charges under 
the borders of the craters. This will easily fie done, as 
the springing of the globe of compression will have 
produced no bad smell in the broken galleries; and 
he will have the start of the besieger, who has to make 
a lodgement on the borders of the crater before lie can 
even commence sinking his shaft. This lodgement may 
therefore be repeatedly destroyed by the besieged, if the 
sinking of the shaft he made on the border of the 
crater; and the shaft may as often becholied up by the 
earth being blown into it, if it should be sunk from the 
bottom of the funnel The besieger will have to sur¬ 
mount litis difficulty after the springing of each of his 
series of globes, in advancing towards the place, lienee 
it may be conceived what labour, danger, aud loss a 
well-countermined glacis must occasion to the be¬ 
siegers ; und the advantage in favour of the besieged 


is probably not overrated in a computation that the Forfificx- 
delays resulting from all the chicaneries of a welUmamvcd tiou. 

subterraneous defence are capable of adding two mouths v —V**" 
to the duration of a siege. Such is the estimate of 
Botismard, who supports his opinion by citing the ex¬ 
ample of the siege of Scluvoiduit/. by the Prussians in 
J7<>2; and to this may here he added the more memo¬ 
rable siege of Saragossa, in the last Peninsular War. 
the long defence of which, even alter the fall ofihe for¬ 
tifications themselves, was chiefly owing to the multi¬ 
tude of mines sprung iu the very streets. 

Besides the regular systems of mines described in Syrian «C 
the foregoing pages, there is a more expeditious method h«‘i;av,i-„. 
of employing the same kind of means in the defence, 
although u|ioti a diminutive scale. And this is by a 
system of fougasses, which can be made even when the 
time is loo short to allow of establishing galleries. It 
consists iu burying under the parts of the surface which 
are most likely to be attacked, well calked and tarred 
boxes or even barrels lull of powder; aud laying iu a 
trench, which is afterwards tilled up, the troughs destined 
to convey the lire to the charges, either all at once or 
successively. The troughs extend even to within the See fig.21,' 
works, in order to facilitate the springing of these phitov. 
expeditiously constructed mines; to ensure the success 
of which, the following precautions ought to he taken. 

1st, If the hole in which the powder is to be lodged is 
at all damp, it will be well to make it still deeper, and 
then fill up the bottom to the required height with loose 
stones. This will enable the water, if there be any, to 
filter down to the bottom. 2dly, 'flic troughs must be 
laid at a depth of six feet, at least, underneath the 
surface, to pi event their being disarranged by the fall 
of shells; aud if more than one trough is to be laid in 
the same trench, they must be separated by at least a 
fiiot of well-trodden earth, so that the first which may 
be fired may not shake or disarrange the other. 3dlv t 
Care must be taken in refilling the shafts* and trenches 
to plough up the whole of the surface equally, so that 
nothing shall indicate to the enemy the situation of the 
trenches and charges. 4thly, The ends of the troughs 
and hose must reach to such places within the works as 
shall secure them from sudden attacks, and enable them 
to be sprung with the utmost coolness at the most 
favourable moments. It will not suffice for the security 
of these mines that their troughs terminate behind the 
banquette of the covert-way: they must he carried 
through the counterscarp to be fired ut the bottom of the 
ditch. Otherwise the enemy, by assaulting the covert- 
wav, might discover and tear up all these troughs, and 
utterly prevent their lieitig employed against him, when 
he establishes his lodgement on the crest of the glacis. 

'fhe boxes should he placed so as to destroy the double 
saps along the capital, the trencli^cavaliers, the crown¬ 
ing or lodgement on the crest of the glacis, and the 
breaching batteries. They may likewise advantageously 
be sunken in dry ditches, both of the outworks and 
body of the place, at spots at which it is most likely 
that breaches may be made. Their troughs must be 
conducted to the gorges of the outworks or liehind the 
tenaille, or wherever they may be fired with security. 

Those likewise which may be employed for the defence 
of the breach, or are placed in the terrepleins of the 
works, must have the ends of their troughs within the 
redoubts or retrenchments. Each trough must be marked 

In tliu iirssvut ease these lire usually called wells. 
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with the number that distinguishes the box to which it 
communicates; ami the exact place of the latter is cor¬ 
rectly hud down on a plan of the works, so that the 
springing may be regulated as occasion shall dictate. 

Fougasses are likewise ail excellent means of demo¬ 
lishing any flGche, redoubt, retrenchment, traverse, or 
any other temporary work which having, until its cap¬ 
ture, been of service to the defenders, has then ceased to 
be so, and may even be of advantnge to the enemy into 
whose hands it has fallen. The facility and economy ot 
a system of fougasses, and the similarity of eHerts pro¬ 
duced by them with those ot regular mines, might, at 
first sight, induce a preference to be given to them. But 
it must be remembered that though such means may be 
successful against an enemy unable to employ mines him¬ 
self, they are altogether insufficient and even null 
against a besieger who has it in his power to do so. For 


teasing to advance upon the surface, beyond the in- Fortifioa- 
fluciicc of the fougAsses, he may drive galleries ns far as tiu,i * 
he pleases ; and not only blow in the counterscarp but 
at the same time, tear up the troughs without giving an 
opportunity of disputing one inch of ground by their 
means. It. must not, however, be concluded from this 
that the employment of these boxes of powder should 
be proscribed in the defence of places : they may, on the 
contrary, often be appropriately used, conjointly with 
regular mines. And if judiciously managed, this mix¬ 
ture may lead the besieger into a serious error, by 
making him mistake their explosion for that of the regu¬ 
lar mines, and either induce him to take precautions en¬ 
tailing useless labour, loss of time and powder, or lull 
him into a security which may afford the defenders 
opportunities to put in execution more powerful means of 
destruction. 


PART V. 

FIKLD FORTIFICATION. 


CHAPTER I. 

General Principles of Ihis Jlranrh of the Art. 

Under the term of Field Fortification, in contradistinc¬ 
tion from the Art of constructing, defending, and assail¬ 
ing Permanent Fortresses, is usually comprehended the 
whole business of disposing and preparing such tem¬ 
porary works, utid improving such natural advantages 
of the ground, as may assist and support the operations 
of an army in the field, and enable it partially to impede, 
or totally to prevent, the advance of an enemy, though 
in superior force. In Field Fortification, therefore, every 
expedient is good, which effectually conduces to arrest or 
retard the progress of an adversary. In this, perhaps, 
more than in any other branch of the profession, is the 
engineer enabled to display his intelligence; here few 
restrictions- shackle his inventive genius ; the opportu¬ 
nities of displaying it are frequent; and the materials 
are commonly abundant. Not so iu Permanent Fortifi¬ 
cation : where the rarity of the occasions which present 
themselves for the formation of new works discourages 
that devotion to the subject which is necessary to the 
attainment of excellence ; and where the vast expense 
of the constructions operates as a serious check to the 
adoption of even the most meritorious suggestions. 

It would be an endless undertaking to enumerate the 
multitude of objects, which may lie classed under this 
division of the Military Art. With regard to works thrown 
up in a plain open country, certain principles and cer¬ 
tain rules deduced from experience may be laid down ; 
but for the greater part the intelligence of the individual 
must be fits sole guide iu the judicious application and 
use of the means and materials which circumstances may 
place at his disposal. Barren, indeed, must be that 
country .which offers none to second a discerning officer 
in the fast allotted him. A farm-house, a mill, or a 
Church surrounded by walls, may with very little expense 
be converted into an excellent military post, by loop- 
holing the walls, barricading the entrances, or erecting 
traverses or portions of parapets in those places which 


offer a good flanking fire ; or, in a word, by turning to ae- 
coinit every means of resistance which may present itself. 

With regard to those Field-works for which, as we have 
said, certain rules may lx* observed, it will be sufficient 
briefly to show that, although iu magnitude and import¬ 
ance they m nlL-iior to the works which constitute per¬ 
manent Ihrtilicutions, nevertheless the general rules 
which govern the construction of the latter are in a 
great measure applicable to the former, in the first 
place, the immediate object of both is equally to pro¬ 
cure cover from the assailant’s fire, and to place between 
him and the defender an ohstacle which he must over¬ 
come. These ends are obtained by excavating a ditch, 
and throwing up the earth to form a parapet or covering 
mass. The impossibility of carrying about with an 
army any implements of construction beyond the mere 
pickaxe and spade, naturally imposes limits to the mag 
nitude of the works; and therefore the maximum of 
height, that it is found possible with these simple means • 
to give to the crest of the covering mass is twelve feet. 

And the same dimensions, twelve feet, must be con¬ 
sidered the maximum for the depth of the ditch; this 
being the greatest depth from which a man can throw 
up the earth to those who are employed above in giving 
to the mass its requisite shape. 

The reader will find represented in fig. 1, plate v. a Plate v. fig, 
portion of the parapet and ditch of a Field-work of the 1. 
most common profile: that is with a mere command 
of seven fed and a half; and we proceed to give the 
nomenclature of its various parts, together with their 
uses, in order that the contents-of the following pages 
may the more readily be comprehended. AB is the 
height of the jiarapct : a dimension which will dupend 
upon the nature of the surrounding country; as it is 
necessary that the interior of the work should be entirely 
covered from the view of the enemy. II C is the thick¬ 
ness of the parapet'; and this must be regulated accord¬ 
ing to the nature of the attack to which the work may be 
liable : for instance, if only exposed, by its situation, tn 
an infantry attack, three feel will suffice ; if the enemy 
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FortiRca- can bring artillery against it, but have only six-poun<lerg 
tiun. j„ hj s Field train, the thickness of the parapets may be 
'-‘■v"**' safely’restricted to six feet; if nine-pounders to nine 
feet; and if twelve-pounders to twelve feet. For experi¬ 
ments have shown that at a short range a musket- 
ball will penetrate into well-beaten ordinary soil about 
eleven inches; a six-pound shot, four feet; a niuo- 
pouud shot, six feet; and a twelve-pound shot, ten feet. 
Wc have not hero reckoned upon a greater caliber than 
twelve-pounders, because eighteen-pounders and twenty- 
four-pounders are never used in the Field ; although the 
loriuer have very lately been considered a part of our 
Field train. The height of the ordinary race of men 
being considered as constant, the distance of the banquette 
a b below the crest A is made equal to four feet or four 
feet and a half, to enable the troops to lire conveniently 
over tiie parapet. The base of the slope of the ban¬ 
quette is generally made equal to twice its height ac; 
and its breadth (a b) is usually three feet. A level space 
II I,, of about eighteen inches in breadth, called a 
berm, is left between the foot of the exterior slope of the 
parapet and the escarp of the ditch, for the purposes 
ineni ioued below. 

The superior‘slope A I of the parapet is directed so 
that the enemy inay be discovered from head to foot when 
upon the edge E of the counterscarp: this slope must 
he considered as an evil in one respect, for it is evident 
that, if the upper surface were horizontal, the parapet 
would be much stronger. To preserve therelbre to the 
crest A an adequate strength, the maximum depression 
of this slope is fixed at rnie-sixth of its breadth; and this 
limits in some measure the height of the parapet.' The 
interior slope A b is also an unvarying quantity: its 
horizontal breadth is made equal to one foot and a half 
to give it a strictly sufficient solidity, and at the same 
time to enable the troops to approach the parapet conve¬ 
niently when firing. The exterior slope I II varies with 
tin* nature of the soil; but in ordinary cases it forms 
an angle of about 4i»° witli the horizon. I is called 
the exterior crest of the parapet; A the inner crest 
or covering line. The berm 11 L ought not'to be made 
wider than one foot and a half, lest it should oiler too 
great a facility to the escalade; it might therefore appear 
advisable to dispense with it altogether, but it is loo 
useful in the construction of the parapet to allow of 
being suppressed. Moreover it prevents the rolling 
down of the earth; removes to a greater distance the 
pressure of the covering mass; and thereby contributes 
to the solidity of the work. This berm, usually con¬ 
structed upon the natural level of the soil, ought, in 
every case, to be at least six feet lower than the interior 
crest to prevent the enemy from seeing into the work when 
lie may have reached the berm. The slopes both of the 
escarp I.N and counterscarp MO must vary with the 
soil, with the means employed to support them, and with 
the intended duration of the work. The breadth and depth 
of tlie ditch will vary according to the thiekness and 
height of the covering mass. When a covering mass is 
thrown up without either banquette or superior slope, it 
is called an epaulrment. 

The reader being thus acquainted with the nature of 
covering usually obtained in Field-works, we may pro¬ 
ceed, first, to desei ibe the plun or outline of such works ; 
next, to touch upon the details of construction; and, 
ultimately, to point out the means whereby defences of a 
temporary nature may be strengthened or rendered more 
difficult of capture. 


CHAPTER II. Fortifies- 

Single Field-works. t,on ' 

Of all the works which an engiueer inay lie called T 1 "' 
upon to construct during a campaign, the most imam- Sco ® K ' 2 ' 
siderable.is the redtw. This work is open in rear; and 
is therefore only employed to form part of a line of 
works destined to cover a camp, to defend -the avenues 
to a village, dike, bridge, or defile, .&e. Its principal 
defects, considered as a single work, are that its ditch in 
without' defence; and this defect it has in common with 
most works of a mere temporary nature. Besides, as it 
is invariably found that soldiers when placed behind a. 
parapet will fire directly before them, that is, at right 
angles to the parapet, it follows that there is a large un¬ 
defended sector in front of every redan. This may in 
a measure be remedied by cutting off the salient angle 
with‘what the French call a pan coupe : that is, a por¬ 
tion of the parapet having its crest perpendicular to the 
capital of the work. There is no 'stated rule lor fixing 
the length of face of a redan: though that which is 
usually given to it is filly yards. The. redan when thrown 
out in front of oilier works to increase their strength 
receives the name of Jteche. 

The lunette, or bastion is a work rather more Con- Tlia lunette, 
siilcrable than the redan, being composed of two faces See fig. 3. 
anil two flanks. Its object is to enclose more advanta¬ 
geously the interior space, and permit a more direct fire 
upon the sides. The lunette being, as well as the redan, 
open in rear, is employed only in cases similar to those 
for which a redan would be constructed. This work is 
of very common use, owing to.its simplicity, facility" of 
execution, and easy adaptation to any ground. There 
is nothing arbitrary in its form and dimensions, which 
must be determined by local circumstances : but in ordi¬ 
nary cases and on level ground, its faces may be fixed at 
sixty yards long, and its flanks at ten. The delects of 
the lunette are the same as those of the redan. 

The Ficnch engineers give the name of bonnet da Bonnet do 
jiri'trc to two redans so connected as to afford a mutual V r ®t*e. 
defence. It therefore consists of two faces A B, C D, See fl B' 
and of two flanks A E, EC, usually shorter than 
the faces. This work being likewise unclosed in rear, 
its application must be subjected to the same restrictions 
as in the case of the two former: it is generally employed 
to cover a bridge, and its faces are then defended by 
batteries placed on the opposite banks of tiic river. The 
bonnet de prOtre is a more efficient work than the lunette, 
os its salients are better defended; it has no dead sector 
in front, but the ditches of the faces, are unflanked. The 
construction of this work may be regulated as follows. 

Make the line of the gorge B D equal to one hundred 
yards, and the capital I K equal to fifty; at right 
angles with l K set off I A, IC each equal to twenty 
yards; set off IK also equal to twenty yards; join the 
flanks-A E, CK, mid faces AB, CD. The angles A 
and C will by this construction be equal to 12° SO', 
and therefore will exceed the minimum prescribed for 
sucli angles: it being a rule in fortification, both per¬ 
manent and temporary, that salient, that is, projecting 
angles, shall never be made of a smaller opening than 
60. The angle A E C will* be a right angle whereby 
the best possible defence is afforded to the salients A 
and C: it being likewise a rule in fortification that 
a line which flanks another shall make with it. at 
least, an angle of 90°; and this is in consequence 
of the incorrigible habit which is found in soldiers ot 
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Tl.c rc- 
ihmht. 

See fi;- 


Star forts. 

See fig. 6. 


firinsy perpendicularly to llieir parapet, in spite* of all the 
cine which can Ik* taken to make them direct their fire 
upon any particular point. 

The redoubt is an enclosed work without thinks, and 
is usually made of a quadrilateral form. On a Hat even 
country the redoubt is generally made square; there 
being no reason why one face should be made longer than 
another, or onu angle greater than another. Hut on a 
varied surface, it is.necessary to adapt the shape to the 
nature of the country. An opening is left in the middle 
of one. of the sides for communicating with the exterior ; 
ami a traverse is thrown up within, to prevent the enemy 
from seeing into it. The quadrilateral redoubt is defec¬ 
tive; inasmuch as the dead sectors in front of its angles 
favour the enemy’s attacks upon lour different points, 
and weaken the defence by dividing the resistance of the 
garrison. Endeavours have been made to correct this 
detect by giving to the redoubt u circular form; but this 
is only substituting one evil in lieu of another. A cir¬ 
cular redoubt would with equal dev elopement of parapet 
circumscribe a gieater space, and in this point of view is 
advantageous; but its application to the ground is 
ctillicii11; its tigiirc makes the resistance on all sides 
equal ; and (lie distribution of its tires prevents any 
paiticuhu* side (which may be most liable to attack) 
from receiving an adequate proportion of dclcinv, at the 
same lime that it affords a greater fire than necessary 
upon other points of difficult access. The angular re¬ 
doubt, cm the contrury, may have its principal laces 
directed against the points most important to bedefemled ; 
it is besides, more easily executed and applied to uneven 
surfaces. The deaducss of the angles may in a measure 
be remedied by the expedient suggested for the redan, 
that is, by making a pan coupe ot six or eight yards in 
length, ’five size of a redoubt is always proportioned to 
the garrison which it is destined to contain. For lining 
the paiapets, the calculation is that each soldier occupies 
three feet of front. The interior free habitable space 
is regulated by the consideration, that a square fathom 
should he allowed for every four men. By interior free 
space is understood that comprised within the foot of (lie 
slopes of the banquettes. In the largest sized redoubts 
the free habitable spare will always be sufficient for the 
convenience of the garrisons usually thrown into them ; 
and the smaller ones, being seldom occupied, excepting in 
moments of actual resistance, it is of little importance— 
provided they have sufficient men tor the effective lining 
of their paiapets—whether the habitable space, as it is 
called, be equal to that above prescribed. Nevertheless, 
all French aulhois have thought it necessary to lay great 
stress upon the mathematical accuracy with which the 
capacity of the work is adapted to the number of men 
who arc to occupy it; and each has laid down some 
rule which he thinks preferable on this account to that 
ol his predecessor. From the nature of the outline of a 
redoubt, it is almost needless to acquaint the reader that 
its ditches are without defence, or in other words, dead. 
The manner of palliating this evil will be shown in ano¬ 
ther pnrt ol this Essay. 

The next enclosed work iff order of importance is the 
star fort. This is constructed either upon a triangle or 
upon a square: in the first case it has six points, and 
in the latter eight. The hexagonal, or six pointed star 
fort, is constructed upon an equilateral triangle ABC 
of ninety yards length of side; by dividing each side 
into three equal parts, and describing on the centre one 
an equilateral triangle D E F. By this arrangement 


Fortifies- 
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the salient E is defended Try the fire of the lines A D 
and B F ; and the points A, B receive a similar defence 
from tlie faces I) K and E F: so that the defect iff dead 
sectors is much diminished, if not totally removed. This 
star fort is a little defective in its flanking : for the re¬ 
entering angles being obtuse, the fire, from F is not di¬ 
rected precisely upon E, and we have already stated 
bow difficult it is to induce troops to fire obliquely. The 
entrance m n is made in a re-entering part, being there 
loss exposed to attack.-as it is further removed from the 
enemy and protected by a cross fire. 

The star fort with eight points is constructed upon a Sen fig. 7. 
square, the sides of which may be iiuietv yards long. 

Each of the sides is divided into three equal parts ; and 
upon the central one is desciihcd an equilateral triangle. 

In this, as in the last-mentioned work, the salients are 
but obliquely flanked : but this defect is not so sensibly 
felt as to render it necessary to resort to constructions 
foreign to the simplicity indispensable in Field-works, 
which it is almost always requited to tiace out expedi¬ 
tiously, and often with the aid of no other instrument 
than a correct eye. Most of those minute perfections, to 
which so much consequence is attached by mere theo¬ 
rists, and which are perceptible only »n paper, would 
not prolong the defence of a work one single minute. 

It can scarcely be too often repeated that it is necessary 
in Field Fortification to avoid that spirit of minima*, 
which is too apt to lose sight of gieater objects in lim¬ 
ning into details of little or no importance. Four of the 
points of this octagonal fort are less acute, and therelbre 
more solid than those of the former woil, : hot a more 
real itilvantagt*, and one which ought to obtain for it a 
decided prefeience over the latter, is that with equal 
length of parapet its interior space is greater. 

The bastion tort considered as a Field-work should ]j AS t;, ;ll 
be constructed only upon the square or pentagon The (cits, i-r 
distance between the points of the bastions, or in other Fm*M i.irtx 
words, the exterior side A B of the polygon, may vary ^ tlh '' 
in length between one hundred and two hundred yards,. 
which allows of gieat latitude and facility for the appli¬ 
cation of this kind of work to almost every site. The 
reason why A B cannot be made shorter than the mini¬ 
mum above prescribed, is, that owing to the relief of the 
works, the ditches near the centre of the curtain would 
not be discoverable from tile parapets, and would conse¬ 
quently he dead: besides, the flunks would dwindle into 
insignificance. The range of common muskets also 
requires that the extent A U of the front should not 
exceed the above maximum; for it is an axiom that 
“ lines, wiiich have to defend a salient point, must not be 
further removed from it than will enable the musketry 
to range lieyond that point, and to take effect upon the 
enemy before he reaches it.” 

Star and bastion torts, anti particularly the latter, are 
employed iii fortifying important posts. Their construc¬ 
tion ought to lie of a solidity approaching to that of 
mixed fortifications; which, though not revetted with 
masonry like permanent works, are nevertheless intended 
to last several campaigns. These forts will not only 
serve, as y >sts of importance, but arc also useful as 
depots for stores of every description, for which their 
spaciousness renders them fully eligible. They should 
therefore be so well conditioned as to apprehend nothing 
from sudden assaults, but should compel the enemy to 
break ground before them. A Field-work which is ho¬ 
noured with a formal attack, or which compels the 
enemy to resort to more than ordinary means for 1*« 
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Fortiflca- reduction, is justly deserving of celebrity; and we need 
tin!). not hesitate, notwithstanding the inherent defects in their 
**v—*-' construction, to class with the'latter, our redoubts at 
Toulon, the gallant defence of which, in the Revolution¬ 
ary War, gained .so much honour for the British arms. 


CHAPTER ni. 

Continued Lines. 

Lines. Several works placed in succession parallel to, or sur¬ 

rounding, a position, generally receive the name of lineB. 
There are two kinds of lines; continued lines anil lines 
with intervals. Continued lines consist of an uninter¬ 
rupted range of parapet. Lines with intervals are formed 
of isolated works—whether open at the gorge or enclosed 
—placed at convenient distances from each other, and 
affording a mutual flanking defence. Continued lines 
ore mostly employed where a pass is to be closed. And 
lines with intervals where it is intended to oppose re¬ 
sistance to a vigorous attack : because the detached 
works which compose them may be more carefully con¬ 
structed and better defended ; serving as strong points 
round which the troops may manoeuvre; and thus com¬ 
bining, whilst on the defensive, alt those moral advan¬ 
tages of the offensive which result from the feeling of 
superiority. Ilenco continued lines arc best adapted to 
frontier defences, autl lines with iutorvals to camps and 
fields of battle: nevertheless, the preference ought always 
to be given to that, which can be soonest prepared, and 
defended with lowest troops. 

Continued The dillcreul modes of constructing continued lines are 
I.m.-s: as follows • with redans, tcuudlcs, eretnailitres, or lias- 

re- tious. Vunban, in his linen with redans, placed the 
ilatu ; latter at distances of two hundred anti forty yards from 
centre to centre. This is at present considered too great. 
See fig. 1 a distance ; and it has been proposed to place them at 
one hundred and eighty jards, by which (lie faces of the 
minis will mutually derive a nearer defence. This is, 
however, at best, but u weak line ; and the frequency of 
its employment in war can only have proceeded from 
the readiness with which it can be constructed. Another 
gee fig. to. w u'j of improving upon Vauban’s outline is by breaking 
the cm tain B D into a very obtuse redan BC 1). With 
this alteration the works assume the name of queue 
d'/iiroiide, or swallow-tail lines. This construction, al¬ 
though better than that with redans, is nevertheless far 
Irom being good : for, although the parts of the Hue 
between the retlau* are defended by the fires from the 
faces of the latter, yet upon au equal developcmenl of 
parapet the queue d’hirondu line presents three salient 
points, w he reus the redan line has only two; and as the 
points project equally towards the front, they are all 
liable to be attacked at the same time. The curtains, 
also, of Vaubati’s line, are less exposed to the ricochet 
fire, than the branches of the svvallovv-tuilcd construc¬ 
tion. The salients are the principal points of attack, 
because they are closer to the enemy ; and because they 
See fig. 11: have sectorial spaces iu front of them undefended by 
direct fires : while they are also easily enveloped by the 
enemy’s converging fire. A means of correcting the 
defect arising from too many points of equal salieney, 
would be to carry forward the salient of the great redan 
B O D, making its faces perpendicular to those of the 
Email ones ; so that upon a line of one hundred and 


eighty yards only two points of attack would bp offered : rorliften 
and the salients would moreover be well defended ny tii>n. 
flanking fires. •— v —' 

The tenaitle line is composed of redans of equal with te- 
dimettsious. Tlieir capitals are usually seventy yards "“'I'M 
long, and tlieir demigorges one hundred. There exists 12, 
so great a similarity between this and the former out¬ 
lines, that to specify the minute differences in their de¬ 
fensive properties which writers on fortification lutve 
remarked and dwelt upon, would be to consume lime to 
no purpose ; and these lines are here described merely 
to complete the usual enumeration. One great fault 
common to them nil, is, that their long branches arc 
exposed to the enemy’s enfilade fire; and in an open 
country this evil will be more sensibly felt in the tenaille 
line than iu any other. 

Lines en cretnaillerc arc composed of a succession of rre- 
faces and flanks perpendicular to one another. The 
faces limy he made one hundred yards long, and the 
flunks twenty-five, still supposing them constructed upon 
a flat and open country: for, on an irregular surface, 
all the branches may vary considerably in length from 
the general dimensions; the most essential rule being 
thul the works should conform to the shape of the 
ground, and have their salient points on eminences. 

The cremuillcre line is superior to any other, for the 
purpose of uniting principal works placed at too great a 
distance for mutual defence. In this case the cretnail- 
lereis ought to change their direction at the centre a of 
the line, whence there will result a good cross lire before 
the middle of the interval. 

If particular circumstances should make it requisite r p ,c bastion 
to give to u line a more than ordinary degree of strength, line ‘ 
there is no doubt but the bastion outline ought to be 
preferred. Its principal advantage is that every part of 
the ditch is well seen into and flanked: but the salients 
have not all the defence which could be desired. There 
are certainly cross fires in front of them, but these 
scarcely range beyond the counterscarp and leave great 
open spaces X without auy at all. This may, in a 
measure, be remedied by breaking the curtain, for then 
.the fire of the half curtains directed upon those spaces X See fig. 1<I. 
will render the access to Ihe salietits more difficult. The 
bastion lino is more, troublesome to construct than any 
other, ovying to the quantity of earth which requires 
removing between the flanks and the curtain, wheu the 
counterscarp is directed, os in permanent fortification, to 
the shoulders of the bastions ; and this rnay account for 
its not being oftener employed. It is evident that, if See fig. 15. 
the counterscarp were traced, as in other works, in di¬ 
rections parallel to the faces, flanks, and curtain, the 
ditches of the faces would be unseen from the opposite 
flanks, the sight' being obstructed by the mass of earth 
in front of the curtain.' When there is not sufficient 
time for removing the entire mass—and it seldom Seo fig* 1®. 
happens that there is—the evil may be palliated by 
sloping away the earth in the direction of the line of 
fire drawn from the crest of the parapet of the flank 
to the foot of the ditch of the opposite face : whereby 
the ditch of the face will be perfectly laid open to 
the fire of the opposite flank. Some writers object 
to this remedy, as facilitating the descent of the enemy 
into the ditch; but it may be observed that the de¬ 
scent into the ditches of Field-works is in piaetice usu¬ 
ally an easy matter; ami those ditches should 1« 
regarded rather as excavations which have served to 
furnish earth for the covering masses, than in the light 
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F' tiruj- of serious obstacles to tbc enemy's attacks. Besides, 
turn. even though the facility of descent should be admitted 
to be of groat advantage to the assailant, it is evident 
that in availing himself of the slopes here mentioned, he 
must expose himself to a reverse fire from the flank 
behind him, and thte is not likely to augment his as¬ 
surance. 

Tho.rod; Tile line just described is applicable to any surface: 

astiuu line, but that which may next be mentioned having its various 
parts given in numbers, is untit for irregular surfaces. 
It certainly appears, however, the best that can be used 
on an e.vcn country, where only a limited length of re¬ 
trenchment is required; and though tints restricted in 
its application, some notice of it tn this place is due to 
the inventor. Colonel Dufbur, (Director of the Military 
Academy of Grave,) to whose excellent Work on Field 
Engineering the compilers of the present Article are 

See fig. 17. bound to express their obligations. At each end of a 
side A IS four hundred yards long, erect perpendiculars 
A I’, If (). Set otf on the latter A D, If E, each equal 
to fifty yards, ami D I*, F. Q each equal to thirty yards ; 
join ]j and E; on D E take l)(i, K II, each equal to 
sixty voids, and bisect II Id in ('. .Draw AG, BH, 
and produce those hues inditinitely ;»j"in (1 and P, C 
ami Q, mu] make (,’ M and C N each equal to A G or 
B If. Then, in ouler to obtain ilunks sufficiently near 
the salients A, C\ and H. to afford those points an ade¬ 
quate defence, let fall from G, M, N and H, perpendi¬ 
culars G g, M m. &c. upon the lines of defence M P. 
A G, &c., und join the interior extremities m, g, &e. of 
the flanks, to form the curtains. This outline is superior 
in many resects to any of the former; hut it is certainly 
rather too complicated, and is moreover inapplicable to 
every kind of surface: it can, therefore, be entitled to a 
preference over the common bastion line only in the cir¬ 
cumstances already mentioned; und when these occur, 
its advantages are as follows. Suppose two fronts of for¬ 
tification on the lines A C, and B C traced upon the 
usual principles, it will be found that the redan-bastions 
in fig. 17 are more spacious than the ordinary ones, and 
that the flank M tn is longer in the former than its cor¬ 
responding flank in the latter would be, which is slrictly- 
conforrnable to the principles of the Art as it has to 
defend the point of attack. Gg indeed will be smaller, 
but this is attended with no inconvenience, since its fire 
is directed upon a point not much exposed. It may, 
however, be noticed as some detect, that the fire of the 
short flank Gg when prolonged in a direct line would 
fall within the salient of the advanced bastion at B, and 
expose its defenders to the risk of injury from their 
own comrades. 


CHAPTER IV. 

Linn with Intervals; Tetes-de-pnnt, fyc. 

Lines with Lines with intervals are composed of isolated works, 
intervals, such as redoubts or redans placed at certain distances 
asunder. In determining the situation of these works, 
it must be observed tliaf the intervals between them 
should never be greater than two hundred yards; so 
that they may be able to defend one another by a cross¬ 
ing fire, at an efficient range. The outline of each work 
must also be so disposed that the faces which are to pro¬ 
duce that crossing fire between two works, shall make 


with each other an angle not less than, nor much exceed- Fovtiflca- 
ing, a right angle. The military world Inis long been fi«n. 
divided in opinion whether the preference should be v '““v — “*■' 
given to continued lines, or to those with intervals. The 
former seem to have been held in highest estimation 
until after the commencement of the XVJllth Century ; 
for the greatest number of retrenchments made by the 
French and by their opponents during the reign of 
Louis XfV., and particularly during the Wars of the 
Succession, were contained lines. In our days this 
manner .of retrenching armies is rejected ; and when 
tile nature of the country will ndmit of it, that of iso¬ 
lated works has the preference. Lines with intervals 
have over the other species of lines the following advan¬ 
tages. 1st. They arc more easily uppiied to the ground, 
and made to occupy the points most essential for the 
defence; not being shackled by the conditions which 
must be observed in outlines where all the parts arc 
connected together. Sidly, They require less labour, and 
consequently enable the engineer to • give a greater 
degree of perfection to the works within a determined 
time, and with fewer workmen. Sdly.They require fewer 
troops for their defence, having a less dovelopeincnt,und 
thus allowing a greater force to be dfrocled upon the 
most exposed points, or a greater number to be kept in 
reserve. 4lldy, By this disposition the troops may with 
facility pass from the defensive to the offensive, and even 
emu, as may best suit the occasion: whereas, when 
lining a continuity of parapet, the same troops possess 
no advantages exTccpt such as may be derived from a 
judicious adaptation of the outline; and having no faci¬ 
lity of issuing from behind their cover, are restricted to 
mere defensive operations, which are apt to produce an 
unfavourable effect upon the courage of the soldier. It 
may lie remarked, in conclusion, that continued lines 
ought to bo employed only in situations of moderate 
extent, where a small number of men being sufficient 
for their defence, a considerable portion of the army 
may be kept in reserve at points favourable tor offensive 
movements. 

In the choice of positions or situations for the en- Choice of' 
campinent of an army, it is evident that elevated grouud positions, 
should always be preferred, when its extent is not dis¬ 
proportionate to the number of troops: in order to in¬ 
crease the difficulties of the attack, and permit the de¬ 
fenders to see the works and dispositions of the enemy 
while their own are wholly or partly concealed. A 
superiority of command, also, renders it possible to take 
advantage of any movement of the enemy by falling 
rapidly on his convoys or attacking his columns on their 
march. Positions are, however, often unavoidably taken 
up in a plain country; and it may be observed that no 
great inconvenience ensues from the occupation ot such 
situations, provided they are protected by natural obsta¬ 
cles, or by works expressly constructed, and that by any 
means the enemy 's prevented from approaching' near 
enough to annoy the lines by his fire. But if the posi¬ 
tion should be commanded within range of artillery, the 
most disastrous consequences may be induced: for the 
troops being either exposed to heavy loss, or driven from 
their posts to obtain shelter behind woods nr other cover 
against the enemy’s fire, the works may be assaulted und 
carried before the defenders can be rallied from their 
confusion. 

Whether in plains or on eminences, the approaches 
towards the ground occupied by the enemy should be 
well guarded by a chain of outposts, which must sur- 
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FurHBcv round the entpmpinent within view of it and at the dis- 
*ion- of about a htiie frbtn.lt’lit eVcry direction: so that, 

on an alarip hang given, there may be time for the troops 
in the liues to, put themselves in a posture of defence. 
These outposts should be covered by woods, villages, or 
houses; $r if np such cover exists,„redans, ay before 
described,, must be constructed fon their- protection. 
Within the chain of outposts, and at twp, or three hun- . 
dred paces from the encampment, redoubts or batteries , 
must be formed : for the purpose of protecting the line by. 
their, crossing fires, and principally to secure the.wings 
against any attempt of the enemy to turn them, or to get 
to the rear of the army, by which the supplies from its 
magazines, and its own retreal, shodld this become tie-, 
cessary, might be entirely cut off. The disposition, of 
these works, next to the choico of the position, demands ' 
the serious attention of the- engineer: since on it de¬ 
pends, in a great measure, the success of the army in 
maintaining its ground; and, consequently, the proba¬ 
bility that the enemy may lie compelled to retreat and 
leave the field free for the prosecution of offensive opera¬ 
tions. When, therefore, the position is on an eminence 
affording a good View of the neighbouring country, and 
particularly of the avenues by which an enemy might 
approach, the redoubts should be constructed at Inter¬ 
vals on the salient points iu front of the line, where they 
may defend those avenues by direct and flanking fires 
from an artillery sufficiently numerous to prevent the 
enemy’s columns from advancing without experiencing a 
serious loss. As the enemy may attack and attempt to 
storm some of these redoubts, they should evidently defend 
each other reciprocally, and be capable of making a 
powerfbl resistance in front. For this latter, purpose 
they should be placed on the crests of the heights which 
they occupy: that they may be able to graze with mus¬ 
ketry the descending ground about them; and if, from 
the steepness of the slope in any part, this should be im¬ 
possible, collateral works should be constructed in situ¬ 
ations where they may see and defend that part by which- 
an enemy would otherwise advance unmolested against 
the principal work. - ■ ’ 

In general, the highest point in the line is the' key of 
the position; and, as thfe retention of this is an object of 
the utmost importance, it should be occupied by a.re- 
doubt of the strongest kind. This point beiug a pivot 
about which the whole army-manoeuvres, it is plain that 
it should be situated about the’centre of the line; but as, 
in some cases, it may happen to be in one of the wings, 
then additional precautions will be necessary to prevent 
it from being cut off from the other parts of the line : 
such as making good communications to it, by.which sue--, 
eours may be, sent in force when it is hard pressed by ' 
the enemy.. Such communications should also be made 
when the,divisions of an army ore separated from each 
other by woods, marshes, or streams : passages should• 
be cut through.the first, aitd causeways or bridges formed 
over the others ; in order that ii> every part of the en- 3 
campment-troops may be able (if possible out of the 
enemy’s sight) to march to each other’s support. Na¬ 
tural obstacles greatly/increase the defensive properties 
• of a position; and if there should be a river at the foot 
of any part of the ahutainee on which the army is situ¬ 
ated, and near enough to be subject to the fine of the 
artillery, it would be impassable by the enemy and would 
completely protect (hat part of thedine. It busy be here 
observed that an army encamped possesses many' advan¬ 
tages over the garrison of a fortress « lor the aegree of- 
’ VOii VIS Y V V’ * 
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resistance that can be opposed by the latter U always Forfffiea*. 
known to the enemy, and the permanent nature of the 
works - prevents the plan of operations from being w> *— 
chasgt!; so that the enemy can regulate his disposi- 
tions accordingly. The .case is diflerent with an army 
in the field, which pah vary its measures with the nature ' 
of the anticipated attack: either by opposing force to force, 
pr by surprising foe enemy; or by taking advantage of 
the localities to prevent his columns from acting together. 

It may not be unsatisfactory to close this general Batieh • 
description Of lines of intrenchments with a short account ] in ** cover- 
from the invaluable Memoranda published by Colonel *"8 binboa- 
JoneB,*- of the works executed before Lisbon by British 
engineers, between the yeurs 1809 and 1812, for the pur¬ 
pose of protecting that city and the meditated retreat of 
the army from Portugal. These celebrated*works were 
enclosed redoubts disposed in.two great chains crowning 
the heights which extend between the Atlantic Ocean and 
the Tagus: the first or exterior chain was situated about 
.twenty miles North of Lisbon, or twenty-five miles North 
of Fort tit. Julian, which forms the Southern extremity 
of the Peninsula, and was foe proposed place of embark¬ 
ation. This chain commenced at the point at which the - 
Zizandra falls into the Atlantic; the works occupied the 
waving ridge of heights on the left bank of that river, 
and extended to about two miles west of Torres Vedras, 
terminating near the Western' extremity of the Sierra do 
Monte Junto. At the mouth of the little river St. 

Lorenzo, about seven miles South of foe Zizandra, the 
second or principal line of forts commenced; and 
these were constructed on all the salient points and emi¬ 
nences of the ridge of heights extending from the Sea to 
the Tagus, and passing close to Mafia, Montecbique, and 
Bucellas,- which lie successively Eastward of each other,' 
and through which proceed three of the four great roads * 
leading from the North to Lisbon. The fourth, or East¬ 
ern road, runs through Alhandra close to the Tagus. 

The whole country between foe great roads is billy and 
broken, and catiuot be passed by ao army.with its artil¬ 
lery without much difficulty and delay; and, to secure 
the roads effectually on thfe principal ascents at the passes 
of Bucellas, Montecbique, and Mafra, were constructed 
strong redoubts and batteries for artillery, so disposed as 
to enfilade the roads and concentrate their fire upon 
particular points of them,’ at which it was intended to 
form mines, deep cuts, or other Artificial obstructions 
when they might be required. . The ridge of Monte 
Gta;a was crowned by one large and several smaller 
works; and these, with foe works'at Torres Vedras,’ 

.served as isolated outposts to the principal line just mett- 
iioned: blocking up the approaches, and giving time for 
tile, troops to occupy the line' before they could be 
attacked in force. - A chain uf, redoubts connected the 
works on Monte Gra^n with* others forming part of the 
line, and situated on the ridge at Alhandra: to the South 
of this ridge.the Tagus Is not passable by an army; and 
therefore foe works coqld pot be turned by an enemy on 
the opposite Side of the river, - Along the North face of the 
ridge juBt mentioued, and near the summit, on an extent 
of two miles, there Was'cut tm almost perpendicular 
scarp-fifteen or eighteen feet high, every part of which 
. wSi closely flanked by a covered musketry fire, and 
alsp by artilleryih enclosed works ctoitstructed on the 
salfcbt: points of'the heights: all the flanking works 
f V . , 1 ■ - - -————_ .. 

.•■'gftmonmUA rMh* to theLinet't^wh uplo eovfr ption i* 

1810. By Colonel John T. Jobs*, Royal Kiigineen. 
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JVirHfiW W3» pIllngcd lBio by larger redoubts'on commanding 
**»• * interior peaks. Additional redoubts were, subsequently, 
l * — fioroted between the. ridge at Alhandra and that of. the 
i/BWlrtr’dft Serves at Bucellas; and thi valley between 
thorn was blocked op by an abattia with a fcpvefed com- 
*' nsuOicatiou iii [ts rear, • The front of this communication, 
/ could be swept by artillery from the Alhandra heights, 
and closely flanked by musketry from some stone build-, 
frigs in the aides of the va|ley. 

In tUC whole line between ihe Ocean and the Tagus 
tberU/were one hundred and fifty-two redoubts mount-. 
log, in all.'five hundred and thirty-four pieces of artil- 
• hrty, while the army to be covered consisted of but fifty 
-' thousand men; si small number when compared with 
t the'extent of the line, which was equal to about twenty- 
; nine miles, and required above thirty-four thousand men 
to garrison the works. But this vast deveJopement is, in' 

■ the present case, justified by military men on the ground 
of the extraordinary strength of the principal works, 
which is considered as rendering them in some respects 
fortresses. Colonel Jones, moreover, observes that not ■ 
more than one-third of the-works would have been re¬ 
quired to be fully manned at nriy one .period. The 
,. redoubts were generally adapted to the ground^ and 
were of every capacity: the smallest was constructed for' 
fifty men and two pieces of artillery {.others could eon- 
tain five hundred men and six pieces, and the great re¬ 
doubt oa Monte Grains required one thousand men and 
had twenty-five ^pieces. Some of tho works were ih-the 
shape of star-torts, but it was objected to these that the,, 
defence of the ditches was .imperfect; and the direct 
fire towards the front was insufficient. It may lastly be' 
observed that there was un enclosed work on the height 
between St. Julian and Oeyras, near the proposed point 
of embarkation, with independent redoubts and bat¬ 
teries; the principal work was well flanked and required, 
a garrison of one thousand three hundred and . forty 
men. 

T6tcs.de- Works thrown up in front of bridges to cover and 
pent. defend them, constitute what are called tites-de-pont: their 
general disposition and shape may vary in a thousand 
ways, according to the nature of the localities and to the 
importance of the object The .works-constructed to 
, serve as ft tfcte-de-pont are frequently ill-adapted to this 
. object: being either too small to cover the bridges pro-- 
perly from the-enemy’s fire; or having so great a deve- 
iopement that a -Jafge portion of the army is withdrawn 
from active service- mfercly to guard them. A t&te-dc-. 
pout ought to be; capable of. effectually concealing the.. 
bridge; but it should require for its defence the 
' smallest possible number of troops, in order that the dis- 
, posable forces may be so much the more numerous. 
When the passage Is one of importance, it may be'ex- . 
-- , /■■ L ; pe4taot togive to the tfite-de-poiit thefortO of nlinewitfr 

- intervals: that is, upon an arc of a circle whose -radius 
-w, » «»q thousand or twelve hundred yards, a disposition 
.... f ahe*Id be made of redans or. detached- bastions, flanking; ' 
each other; and,-in rear of theserand: covering tpc im- , 
Utedtete .approaches to ,the bridges, a central work should 
l .* be placed : serving ak a redoubt so disposed as to hatter 
between the retrenchment in front, defend ( 
»od afford a safe'retreat to the trOops when 
frbro the advanced ,works. ' A disposition of this 
imtUrewfll keep the enemy’s cannon ,at a sufficient dis- 
tanete frotn the bridges to preyentany annoyance in ' 
; passing the rfver.. If the t6te-de-pwiti» constructed, upon: 
a re-entering bead: of the river, the redans or- bastions'. 
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niay be placed tea straight ltde or one nearly so. which T"*** 
Would improve the defence-end lessen - the extent of . 1 . 

works- In this case, also, the redoubt of the tftte-de-pont 
may easily receive a flanking defence, from'batteries esta¬ 
blished on the opposite bank, oron Islandswhich art fre- 
queutly found in the bends oF rivers j and: it is considered 
that, op this account, and because the bridge is more effec¬ 
tually concealed from the view oftbe enemy, a re-entering 
bend or elbow, the concavity of which fS on the enemy s 
side, is the meet advantageous place for- a t6te-de-pont. 

The advanced works aliould be made capable of con¬ 
taining about two' flupdred men; their gorges should 
be secured by a row of strong palisades; and they 
should be provided- interiorly with a small redoubt or 
blockhouse- Lunettes constructed thus Carefully, aud 
well fraised and palisaded; may be placed at greater 
distances from each other than 1 those' of ordinary con¬ 
struction, because being stronger in themselves, they 
stand in less need of immediate succour: their salients 
mayba placed three or four hundred yards apart. A 
system of Works of this kind, partaking of the nature of 
mixed fortification, would be well adapted to cover an 
important passage of a river; and thennemy, unable to 
carry them by assault, would be compelled to go through 
the formalities, of s siege. ‘ Indeed, without these con¬ 
ditions, the army, which may have retreated through the 
intervals to shelter itself from the enemas superior 
‘forces, would have to cross over to the .opposite bank, 
and abandon to .feeble garrisons the defence of the ad¬ 
vanced works. - These garrisons; too. wcajc for a long 
resistance, would now betake themselves to a retreat, if 
such a measure were still In their power; the approaches 
would therefore no longer be covered; and all the 
advantages of the tfites-de-pout would vanish at the first 
appearance of the enemy. It is therefore necessary, in 
order to.oppose an effectual resistance to the progress of 
the enemy,'that the exterior works should hare all pos¬ 
sible solidity'and strength. . 

When a t.ftle-de-pont has not the . defensive qualities 
that could be desired, and the retreat of the army to 
thte opposite .-bank is a measure ,of necessity, it may 
be. •effected’ tit the following tnauncr. The retreating 
army is divided into as many columns as there are in¬ 
tervals between the advanced works; each column 
tajjcea the'direction pf its allotted interval, and when it has 
passed the latter it " deploys, immediately in roar of it. 

Those of the cdfunpui which have not room for deploying 
ejther as a fjiftt or second line,immediately cross over to 
thebppbsite bank. The fire of the works will open as soon 
the space in front of them is sufficiently unobstructed by 
the retreating army. The infantry! deployed stands now 
alone before the enemy-; the advanced works being ev»-. 
euated, and tlieir'garrisons retirit^g;through the inter¬ 
vals fifth® divisions. The artillery and cavalry, with the 
exceptton of a flkwjruns and squadrons, haVy already 
passed over the .feddges. ;.T1» infantry. Commences its 
retreat im iehtUon. A*. soon aslhe central redoubt is 
Unmasked, its fire is opened'to protect the retreat. When 
: ti;e eqemy is muster of theficldjthe garrison of the re 
ddnbt retires; the yjct«|i*'now enter tumultuously in 
lS|a abandoned work ai» htaSteu to get possession of the 
'but they aw, stopped bj the last tambours ' 
m«de s of strong palisades, and defended by one or two 
cofopSiuedof grenadiers, who have volunteered to dis- 
ftiie the spot imdl .the bridges pYe destroyed. When 
tlielir object is gained, thesccoropanies either surrender 
themselves prisoners, according as they may have re- 
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celved instraip^pTi«i, nr mtiV^ tbtflr escape by swimming. nil serviceable, they ought not to be lew than six feet 
orby.boato placed |& imito toe purpose. - ’ deep. Hence, Ip everyfidd-work constructed solely 

'''thfrTcooldbtr^^sfral Wocfcaff atete*de*pontis an with ; |pad« andpickaxe, the depth oftheditch wiU vary 
lrtpo^nV*Mt'^H!tfciSn*fet not to"'be negligently coq- ; .bmwseft'si*;eihd twelve feet,.and these,dimensions may 
;fSflfM-odnwn.: , dM;nnd'rk^oittideridves their limits. In calculating, the depth 
ensures tot wtM&t. of the lart de^odera Of the works end,breadth of a ditch according to the dimensions of . 
in advance. : The redoubt .ought, therefore, 1 to be made. the {treble of the cpvering mass. It must be remembered 
capable of offering, the graateatrpossible obstacles to . that the earth generally augments in volume when 
the attach.' It nsuhlly coiuusts of two or three bastion loosened frbmits natural bed; and that this increase of . . J 
frontsthe Whig*' being defended;,by batteries thrown volume sometimes amounts to one-tenth pr one-twelfth. ■ - 
up In war onthe opposite bank of jibe ri ver. ,;The Profiles cannot in moments of need'be calculated with Profiles, 
passages are made in those wings: they should > be mathematical exactness: it would' therefore be well if 
about twenty yatds wide, and masked "by traverses every officer carried with him in his p,,:ket4>ook a ready- 
thrown up* within. • Inside, of these redoubts, others made Table of,the dimensions of ditches corresponding 
toadc of timber in the manner of tambours should be to certain given ^ profiles. If unprovided with such a 
constructed' to cover the immediate approach to each ’ Table, the following approximation wIU.be. found quite *, .. 
bridgethe-udiity . .of this measure must he apparent adequate to the purpose. Ascertain the superficial con* 
from the foiegotbg description of the manner of effecting tent* of a vertical section taken perpendicularly to the 
the retreat. Cate must'likewise be taken when con- length of the intended parapet or covering mass. Then • 
structrng a tke-de-pont, to throw up one or two bat- assume the depth of the ditch* which will generally be . ( 

teries for destroying the bridges, in the event of the the same as the height of the work. Divide the eon- 
enemy’s unexpectedly forcing the central work, and not tents of the profile by that depth, jaud.the result will be .. . 

giving time to cpt them away or- burn them-' ,F!g. 18 the required breadth. For instance, if the ditch, is to. 4 
represents a grand tfitc-de- pont, where all these conditions be si* feet deep r and the surface of the profile should , 
have been observed. It often happens that there is but contain one huildred and eight squarefeet; the required 
one bridge to be covered; in this case the central work * breadth will be' eighteen feet for the upper part of this 
may be much smaller* than the preceding one,' and be ditch; Tins expeditious formula, indeed, supposes the 
composed of a single bastion front connected with the ' ditch tobe dug verticaBydown without slope; that there 
bank by long branches; or it may be a mere bonnet de is no augmentation of volume; and that the ditch has 
pr^tre, or even a tu.nelte defended from the opposite side, no greater developement than the parapet: all which , 

These last two are most* usually executed in petty war* suppositions are contrary to truth. But (he ditch being 
fare: but nothing can be fixed respecting their'dimen- dug with a slope, the surface of its profile will be diinfc. 
sions, both these and their shape being always deter- wished; and this decrease of surface yrill pqrtly compen- 
mined by local circumstances. • ‘ Bate for the increase of volume and excess of develope- 

rnent.so that the result will be sufficiently cOrrectjTos^ 
t actual practice. Or, if the eighteen feet above found he' * . 

outwrcD v ’ ' considered as the mean breadth of the ditch, and if there 

CHAPTER V. be added to it such an aliquot part of the given depth 

. . , Details of Construction. . as is expressed by the propottibn of the breadth to the ■ *' 

• ■ * . . height of the Intended slope, the sum will express the 

Haying described the shape or outline or the principal true breadth of the ditch at the upper part. Although 
works executed in the field, it will be necessary to say a. we have generally spoken of six or Seveu end a half feet 
few words respecting their relief, before we proceed to * as the height of, (lie parapets, it does not follow that, 
show the manner in which they are constructed. A“ under some circumstances, still leSs may not be givento * 
good relief is not less essential to an intrenchment than them; but then they lose touch of* their efficacy, unless 
a well-combined outline. The moat usual height given the work is situated on an eminence ; and if the height 
to (he covering masses of field-works is seven and a half is less than four feet .and a half tlte berm 'must be formed r 
feet: this height is chosen in order, that a man on horse- below the level of the. natural ground, for lhe reason, 
back may be unable to see over (he parapets into the work, given in describing that part of the work. When pa**; •' 
Parapets arc nevertheless often made .of less height: for pets have' more than the ordinary height giran to themi ; 
instance, six feet is not a bad relief if there is no nppre- it is sometimes impossible to direct their superior slopes - 
hensioii of a cavalry fire; and ifttrenchmCnts cop strutted upon the edge of the counterscarp. ? The latter must 
hastily to procufe cover for .a detachment,.are often mode then be niwUqr a mass of,earth ilopjng geptly towards , 
no higher than four and a half feet*, but in*this case, as the, country up*a the ‘ prolongation'superior " 
there would nt/t be sufficient cover, ittis necessary to ex- - slope:. or,in other words, fiy giving. eyglaeisfo the work, 
cavate about one. and bhtdf o»foe inside.'* ;The required .* Wfiep & work is; fraerauptoThe ground, that is, Sesfig.l? 

solidity of the work, as we, have already said, depends i when strdhgpickets' have bran driytn at all the angles 

upon the fiaturq bf the'projeetllra.which it toay have to and connected-by ropes, of by/urrows cut in the ground, 
resist. But whatever be the thickiteps of the pwapets. it tWo.pfbfiles must be set up oh each line to designate the 
is necessary thfcttheexrth excavated from the'ditches be . forth of the parapet, add to point out to foe workmen 
sufficient for the fetjnatioh of the covering - mass, where, they must throw the earth. If the face of the 
Whence it follows, that too breadth and depth of the workis rather long, two profiles may not suffice; a 
ditches must vary with the height and thickness of the third must therefore he added in the alignment of .the t 

parapets. . It ratty tic well to repeat, that the means former two. These profiles are made of fir laths w hen 

usually at . hand .for the copstepcfiito of.Iteld wbrks will stm|i'kre to be obtained':-in which case they m »y he «* 
not permit & greater depth to be given than twelve feet'', up wrth all desirable perfection, representing exactly the 
to'the ditches^ and, in ordet^kt the latter mft^ V at a fiit p o. offoe parapet. In the first place, there should'. 
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be driven .two strtmg square-headed pickets . A and B, 
denoting the thickness of the parapet; ogairiht the first 
of these is nailed a lath AC, equal in length to the re¬ 
quired height* of the parapet; in like manner there 
must be nailed against the second picket a lath of in¬ 
definite length B; and then at the extremity C of the 
first, a transverse one, to which is given, by a qua¬ 
drant, or a mason’s level, or even by the eye, the. in¬ 
clination which may be deemed expedient: this done, 
it may be fastened at the proper point D. The super¬ 
fluous length of ft D must then be sawn off, and the 
fourth lath DE placed at an angle of 45° with the 
ground, by nailing it at D, and to the square-headed 
picket E. The banquette is profiled in the manner in¬ 
dicated in the figure. 

■. Profiles may be economized by' constructing them 
upon the angles; as then, one profile will serve for two 
faces. These angular or oblique profiles have.over the 
square ones the ml vantage of designating more dearly, 
the parapets of the works, which facilitates their con¬ 
struction- and obviates unnecessary -removals of soil. 
Some degree of habit is requisite in'the. construction of 
these oblique profiles. Alter having driven into the 
ground pickets in a direction perpendicular to..the 
magistral lino of any face of the work at each extremity 
of such face, and at distances from one another equal to 
the horizontal breadths of the several slopes, as in the 
former profile; ropes or tracing lines are stretched upon 
the ground in the directions of the. capil 
salient and Te-entering angle. Then,- by a rope ex¬ 
tended in a direction parallel ' to the magistral line 
touching any two corresponding pickets, intersections 
arc obtained with the ropes indicating the capitals; and 


the cqunterscarp, the' precaution here suggested ha* not Portifts*- 
been taken.. Hence, then, the counterscarp® of flanked ’ tioa. 
Works wifi not be made parallel with the escarp, , but be 
closer to it. at the salients. The e*act degree of this 
approximation at the salients canhot ’be indicated; and 
must depeud upon correctness of eye and judgment in 
an officer. In any case, it wiU be better*to contract the 
.ditch too much, than to be troubled with, a, surplus of 
soil which would exceedingly embarrass the work, and 
must ultimately be conveyed. aWay to a. distance with 
much labour. It seldom happens that an officer’ has 
time to profile a work before the workmen are M about 
it: the latter are usually placed at his disposal before 
the work'is traced, and he himself conducts them to the 
ground. Whilst they are resting, he quickly determines 
his outline by picketing the angles * and as soon as he 
has approximately fixed the middle Of his ditch, he 
places nis workmen there, telling them to -What depth 
they mpy begin by digging upon a breadth less than the 
presumed one of the ditch. Whilst the men are doing 
this, ’ the. officer reverts to his traoing; constructs his 

E rofiles; makes his little calculation to ascertain the 
readtl; of his ditch; and finally traces with the pick¬ 
axe, the lines of escarp and counterscarp. Care must be 
taken to round off the counterscarp at the salients by 
using the breadth of the ditch as a radius, and the angle 
of the escarp as a centre/ 


_ The disposing of the working parties in such order Bistribu* 

capitals at cadi ( ,.lhat the men shall not embarrass one another, ami that tl0 V >f 
the work shall advance in an orderly and expeditious wur 
manner, is a most essential object. - The work is por¬ 
tioned off into length* of nine feet, measured along the 
centre line of the ditch. In each of these divisions is 
those intersections are marked by other pickets. These . placed a party of five men, one provided with a pickaxe 
wilt be th.e places at which are to be raised the vertical and the other lour with spades.’ Two of the spademen 
poles ot[. laths for determining the form of the profile;: are placed, by, the side of the pickman, and the other two 
and the same heights must be given them as would have are placed upon, the berm to pitch the earth further in. 
been given *to the parts of the perpendicular profiles be- Besides these five, a sixth spreads the 'earth upon the 
fore described. When two angular .profiles are setup mass of the parapet, consolidates it'with a rammer, and 

forms the exterior slopes; this man UBes alternately the 
rammer and spade; Hence there will be six men in each 
party, being at the ntte of four men per fathom, measured 
a|ong the middle of the ditch. Besides these workmen, 
sappers, gunners, and other intelligent soldiers should 
be employed in making the revetments and other delicate 
details. A corporal may have charge of five parties, 
and a sergeant may command the fatigue party of the 
whole redoubt. In kinking the ditcb.it has. been re¬ 
commended to excavate as‘much at first as two «r three 
feet in depth with a breadth less than that of the whole 
surface of the ground, marked out for it by one nr two 
feet measured from'both the escarp and counterscarp, 
and to cut the sides down vertically ; then to excavate 
an equal 'depth with ft breadth let* Ulan the former; by 


they will serve for determining those at all the other’ 
angles. . It may be well nevertheless to establish here 
and there a square profile to rectify the oblique ones, 
and*to guard against the errors which might .creep iq.. 
When laths cannot be obtained, branches of trees, how- . 
ever clumsily shaped, may be used to mark the,heights, 

> and then with strings or cords the various slopes may be, 
indicated by. tying them- to the ends of, the branches. 

. Besides, when It happens that such means are wanting, 

• it is seldom necessary to. model the parapet with great , 
nicety; the essential thing being to get cover, and for. 
this purpose a good , relief will suffice, which may be 
. had even without any regular profile.-. When all the pro- 
v. files are.constructed, the space to he occupied by the 
parapet becomes known; then there may be traced, at a' 


.. fo./ and a half from the fopt of the exterior slope, tha^ retiring a fopt or two frfem the sides'bcfore cut down, 
line'representing the edge of tbeescarp, and at a proper ; and, again to dit vertically, and so to ; continue’ till' the 
distance, that of the counterscarp. ... ; ' ’required depth'll obtained, by which 4 fel‘sides of the 

4. Inall the works of which we have given a descrip-;ditoh will have the’form ofsfeps. 'These steps arfc 
tion, the ditches are usually made of an uniform breadtfar necessary to afcCeud and descend by ; 'to ptreyent the 
throughout, provided the parapet has everywhere the J . w‘<>rkmen,fironi cxca,vatiug', too much; and to assist iu 
same; height and thickness; it would, however, be,well 'fixing’the slope* by"lhe height and breadth given to 
to dimihhfh the breadth ofifie ditches at the salient, and . the stepk. When the' whole mass is excavated, the steps 
. . vridpii tiftauat the re-emehng angles; because at the .’ are cut away; first with the pickaxe, and-next with a 
; fosrner they have more developement than the parapets,'. flat spade when ’neatness is required. "The good soil 
. and, ptthe lxtter the contwty is the case. Whence it foi- 'J should be carefuHy'preserved for the slope* of the para- 


lows, that, in onje instance, the workmen fiave (time earth 
than they want, and in the other a deficiency, if in aligning 


, ts, which mutt otherwise beformed with 'earth got 
from biyond the ditch: every kind' Of sol! not-being 




Foriifioa- equally gopd for uniting and becoming .compact under njore simple method, of defilading the Interior of works! 
tion. the blows of.the>«Winer. Wheiyworlra are very hastily and tbiswe now proceed to describe. 

' constructed, -it isitripossible to put aWay. the good Soil t '; When the work is to. be defiladed from a hill in front, 1 
oq the contrary* ,*!»• covering jnjtfs mustbe formed as, tit WhAnthe line of'flre from thence ie nearly'perpendW 
•fast as pi&ibto;Witit whatever crimes to'hand, and', then cular to lha direction of the parapet, a tail picket must 
the .stratum of wmtable soil, whlchisgeherallythebest, brisetupon the tracing of that parapet at the part 
is covered ,oVe> by that of ah ioferidc quality; if ihe which is nearest to the hill. Then, a Visual ray directed 
latter (s too gravelly, the upper layer must be removed to a point at the gorge or war face of the work, eight 
within thO.'terrepiein to he used anerwdrds in forming feetabovethe ground, from a point four or seven feet 
the exterior of the parapet.' In making choice Of the. . above the commanding hill, according as the work is to 
site of the wrirk, It will be well to avoid as much as be defiladed from artillery or musketry, will intersect 
possible rocky and gravelly soils, pnlycovered at" (Op the picket in a point indicating the height to which the 
by a slight stratum of good earn. From the com* parapet is to be raised on that side the work. Itisevi- 
mencement of the work meapsj must be provided to ’ueat that this visual ray representing a line of fire from 
carry off 1 the 'rain-water, which; without tills precaution, the. enemy's position on the hill, a parapet the height 
would stagnate in the tefrepleins; aqd render them tin* of which, is thus determined will defilade ail the interior 
inhabitable. When .the work tb be constructed is opAn , ; of the work. But if from this operation (here should 
at the gorge, a drain may he made towards, the latter, result a height greater than can be given to the parapet 
and the berifepteihs on each side may have a gentle With the, means at hand, the parapet must be raised 
slope towards the gutter. But When the work is an ' only as high as such means will permit; and then the 
enclosed one, a small drain mustbe made eitherwith interior of the work must betnore completely defiladed 
lint stories or boards underneath tHe parapet in "that by a' traverse, the situation of which may be thus deter- 
part of the work which is the lowest; taking care to mined. -Find a place on the terrepiein of the work where 
let the spout psoject sufficiently beyond the escarp to a visual ray from the point before mentioned, on the 
. prevent the latter from being furrowed by the stream. • summit of the hill and passing through the crest of the 
It is reckoned that one man may (in easy soil) dig up parapet towards the interior. Will meet orie at eight feet 
right cubic yards per diem of eight hours’work; but above the ground; and at the spot thus framed the' 
this is the case only when the excavation is - near the traverse must-be raised: then all the space between the 
surface, and that one throw will project the earth into parapet and the traverse will be defiladed by the former, 
the mass of the parapet: when digging rather deeply arid, and such*' height must he given to the latter as will 
in a Btrong soil, the average quantity of work is six defilade the part in its rear. .This height may be found 
cubic yards per man; and frequently only three or four as that of the parapet was found in the former rase. If 
yards per man, when it is necessary to place a relay the height which can be given to the traverse should not 
upon the berm. suffice to defilade the whole of the terrepiein in its rear, 

Mannero( When a work is not commanded by any eminence the situation of a second traverse must be found by the 
•wauling within range of musketry or artillery, the plane of same process as before. Should there be a parapet on 
t'oriifica 9 ite may be considered as.horizontal, and as coinciding that side of the work which is furthest'from the hill, it 
nuns. with the ground on which the work is Constructed; and will he accessary alto to put the defenders of that para- 
no greater height need be given to the parapets than pet below the plane of defilement, In order to protect 
will suffice to conceal the interior from on enemy stand- them from the reverse fire of the enemy on the hill, 
ing on the same level plane. But should the enemy be For this purpose the visual ray which determines the 
enabled, from any position possessing superior, eljefa- height of the first parapet or traverse must he directed 
tion, to direct a plunging fire into the interior of a work from the enemy’s fire-arm on the bill, not' to a point 
having only the relief above supposed, it is evident, that eight feet above the terrepiein of the work, but to one 
to render such a work habitable, it would-be necessary eight feet above that of the banquette on-which those 
to raise the parapets pn the side next to the enemy until, defenders are placed: (he relief of the parapet on this 
they should conceal the terrepiein from his view. In .side having been previously determined by the command 
determining the^ heights which should be given (6 the ' which it ought to have over the ground before it, 
parapets, that they may thus coyer the inferior, consists Ifsucha work as a redan ora. bastion presents Its 
the. Ait of Defilading: which, fra permanent fortifies- salient angle to the rising ground from which it is to 
■tionsi, requires that accurate profiles of the ; ground be'defiladed, the height of (lie parapet rCtlhat-angle 
within arid about the sijfe of the intended works' should must be determined, as before, by^ two Visual rays, “ 
be .taken, bjjrfhg: over U in various directions with the ; directed' to points eight' feet aboVe'the ground at the 
spirit level. , These profiles' enable’ the engineer, to lateral extremities of thegofge'; andtheerrists of the 
determine the height of the several inequalities of the parapets of thu two fates may lie In 4'-plane of defile-; 
ground wjthrelatiqn. to tin imaginary plane, of site pass- merit with w hicht hose visual, rajs’coincide. Should 
ing obliquely to tile horizon through the summits of the such a Work be commanded by hills opposite to both 
commanding height on any one slde. and coinciding faces, the reliefs of the parnpets mrist he determined by 
with the. terrepiein of the work ori the 'opposite side; the coincidence of theirercste'wfth two planes ofdcfile- 
and thus he has it in his power to compute 'the efeva- merit Which Intersect each other in the interior of (he 
turns which' his parapet jshimld haVriaboviftbe ground . Vrorkat eight .feet' above the terrepiein, and pass through 
whereon they .ara to be raisedj^in order that they may 1 .'the summits of thb hills ’; and at the. line of intersection 
possess .the same command o vritP the' obliqUCpIahe that-a trtriferse must’he 'raised, the height of which may be 
they siiould Have him over k horizontal plane if not" found hy Visual rajs directed to points, each situated at 
commanded-. ' But in Field' Fortification, where the-' eight feet aljove the banquette, from the hills in front of 
haste of ({ie service renders such, level lings .and compu-, jhh Opposite faces. This traverse should pass through the 
tetfons impossible, it is necessary to have f&Oarse.lo a* salient angle of the work, ,nat it may defilade the whole 
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FuftiDev ofthe interior oil each side of ft; but Its tracing on the 
ground ft: »wt necessarily rectilinear. If the two phufes 
of defilement should not intersect one another above 
the-teitepiein of the. work* two traverses must be raised 
where those planes respectively approach within eight 
fttet of the terreplein. Let it be observed, in the last 
place, that when a Work.is entirely surrounded by 
height's it may, .with most facility, be defiladed by a paw 
of travaries crossing each other in the interior. 

- Earth will not support itself at the interior elope upolt 
ef the met* gQ entail .a base as it is ncceBssry to give it so that the 
memi s trpppo may approach ,the parapet with ease when firing. 

It is therefore requisite to revet that slope; and this is 
Usually done with fascines, hurdles, sods, or eand-fiagt. 
Easdiies have been already described under the bead of 
siege operations. When employed to form a revetment 
for the interior of works, the fascines or. saucissons are 
disposed horizontally; the first is half buried, in the 
banquette and is fixed by three pickets driven in with n 
mallet: these pickets are three feet long. The second 
row of fascines is placed rather within the top of the . 
first, in conformity with the required slope, taking care 
to ftoten each fascine ivitli three pickets or stakes, ttft 
two extreme ones being driven through the fascines 
underneath iu the direction of the slope, and- the third in. 
a direction perpendicular to the slope, in order to connect 
the revetment strongly with the soil. The Austrians 
substitute for the last-mentioned picket'a strong, twig 
with a hook at one end like an anchor, which embraces 
the whole fascine, and is then .fastened at the other end 
to a stake driven into tfie mass of the parapet, and 
covered over with earth; this gives great solidity to the. 
revetment. Fascines are laid in the. same manner as 
bricks or stones in buildings, with the ends of one 
course over the centres of the other; and at the angles 
they must] be twisted round to avoid any disjuncture. 
When five courses of fascines or saucissons have been 
laid down, the upper course nearly reaches, the erest of 
the work; this may then be covered with sqds .laid flat, 
with the gross uppermost, to connect them with the earth 
of the parapet. The exterior slopes pf parapets also are 
sometimes, revetted with fascines, when great stability is 
required; but in this case the fascines should lie in ver¬ 
tical planes against the slope, with the lower ends fixed- 
in the ground at the foot, lest the enemy should use 
them as steps ti> ascend .the parapet. A sort of hurdle 
revetment also is sometimes formed by planting strong 
pickets in the direction of the slope, and.then weaving 
or interlacing flexible branches round them. These 
branches are fastened dt the top of the revetment to the 
heads of the pickets; in order that the hurdling may not 
detach itsfelf from the parapet 

-with sod or When sods are used fur revetting, they are cut in a 
turf I rectangular shape, two feet long, one foot broadband 

six inches thick. They are laid] by headers and 
stretchers, ends over centres, and 'grass undermost.. 
This last precaution is necessary, in order that they may 
be flair and that they may the more easily be pared with 
ibo Spade when the revetment ia built ; aud a Blake 
ddght to be driven through each sod-'to fasten it to those 
which Ore underneath. To ensure solidity the revetment 
should b* built only in proportion as the work itself 
advances, care being taken to ram the earth Well against 
the interior sides of- the sods.' When the revetment is 
finished, all the rough ends of the sods are shaved off 
With' a spade having'its efige formed in aware of s 
circle; and sharpened that it may cut off the roots more 
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easily. The sod, revetment may be executed with'the 

! greatest perfection 5 And ft, is always employed in-wfe* 
ereuce tq any other where nicety is required. One 
man may lay sixteen' square yards of sod revetment 
pet diem of eight hours’ .work, yvheu he his the sods 
ready at band. The interior, of a Worh is also some¬ 
times revetted-with what, am Called sand-bags: those 
are sacks .which, when filled with earth, nte. about two 
feat long, one.fopt broad, and seffen. inches.tbiek ; they 
aro disposed, in horizontal courses with their sides and 
cuds fodowing each other alternately in each course like 
. bricks iu a wall; and the usual precautions are taken to 
break joint, or. that the junction of every two. bags in 
one course shall be over the middle of a bag in the 
Course below it. This kind of revetment’ is, however, 
objectionable, being liable to be washed down by heavy 
rains; and unless well tarred, the bags burst when Wry 
wet. But it oflen happens that thefeiare neither woods 
nor meadows in the. neighbourhood, front Which fascines 
or turf can be extracted. In such cases the flooring of 
. the nearest houses may be taken up and the materials 
used for the revetments. If this means be also wanting, 
n kind. ,of mortar may-be made by mixing the most 
binding earth that can be found with chopped straw, Ac.; 
and this being wetted and well rammed will have such 
tenacity, as to allow the required inclination to bs given 
to the parapet. In no case must, the revetment be made 
of either tnasoury, or loose stones.The splinters which 
the, shot would produce on such revetments, ate more to 
be apprehended than the shot themselves ; because as 
they fly in every direction, there are no means of finding 
shelter from them. ] 

The slopes of the parapet are not those which alone 
require a revetment: the earth on. the escarp of the 
ditch, in some cases, requires support; as when, the 
work being of importance, the soil is not sufficiently stiff 
to .remain at a slope the base of which is one-half or one- 
third of its height. The escarps of works have some¬ 
times been revetted with trunks of trees’placed horizon- 
* tally; but, disposed in this way, they offer facilities to 
the escalade.-bcirig somewhat like a flight of steps. It 
wpaid'therefnre be better to place the trunks contiguously, 
arid on their cuds, with a gentle inclination towards 
the work. But the best mode of all is to revet with 
Btropg planks supported by frames, the ends of which 
are buried in the earth. The figure will sufficiently 
show tliei nature of this contrivance without further.ex- 
plauation. It must nevertheless be Remarked to the 
' disadvantage of this carpentry work that, as- the tie 
beams necessarily run into the natural ground,' the 
parapet cannot be modelled . before the revetment ft 
finished; it therefore follows that the earth.must be 
heaped up at a distance from the*berm, tilj ft .can be 
used in building the parapet. This may be considered 
to an argument that revetments of the escarp scarcely 
belong to field fortifications properly so'ealled, but rather 
- to those of >1 mixed nature. 

When cannop are placed iq‘a field-work, care must be 
taken to avoid as much' gs ptotible' making embrasures 
or port-boles in the parapet for the Cannon to fire through; 
as they W«fi«n the parapet-consi<Urably, era marks for 
the enemy's shot, and fWiiitate bis entrance into the 
work at the tijneof the.assault: the small opening which 
it i* allowed to give them, moreover, Hmits exceedingly 
the space through which the gun* sboutd;traverse. . it 
would generally be preferable therefore that tfie artillery 
be placed so that it may fin; jgifcr. tlm-feiapst. 
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See fig. 20. 
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The mass of Mrth or Splatfornt tltrtwn up for this object 
is called a brcrbdle. Its surface ought to be about two 
feetand a huU'heaeath ttecfeatfef the pafopet;; bOt Its 
extent will depeuffmiontbe number of gunk forwhich 
it ma;be ii}t#hdt&. ’ A fleldpiece withitBappurtenances 
requires a Sffoteofabout eighteen feet by fifteen. Hence 
the platforpn or terreplein of the barbette destined, to 
.contain one tom, will be a rectangle haying Ha length’, in 
a direction parallel to die parapet, equal to fifteen feet; 
and, hi a direction perpendicular to i£.eighteen feet. The 
ascent to the terrepleins of barbette is made hy romps 
or inoihiefi plane*, the .base of which sbnukTlfo eqifal 
to six timer their height; And their breadth isobvfously 
regulated by the length of exletree of the gun-carriage* 
which are to man over them. It is not unusual to pro- 
vide against the;'danger 1 of a side or .enfilade fin, by 
erecting oa eaeh side of the guns a traverse-six feet 
high at least: and iatnrder’that these shall occupy the 
least possible space, H is usual to make them of gabions 
filled with earth, placed hi two or three rowa on the 
terreplein, and having two courses in height. Gabions 
have already been described in the attack of fortresses: 
when used for traverses, and generally for retrenchments, 
they should be three feet high and two feet in diameter. 

The entrance into a field-work is cut through the .pa¬ 
rapet, and the s,ides are kept as steep as possible to 
diminish the exposure of the interior of the work. Tile 
entrance is not made, wider than is absolutely necessary 
to afford a passage for the cannon; and it is dosed by 
a barrier or cAcoal-de-fri*e. A cheval-de-frise ia a team br 
prism of timber, the section of which Is either a square 
or hexagon, with spears passed through it* It may 
here be remarked, by the way, that for the defence of 
works, chevaux-de-fnse are also placed on the berms, in 
the ditches, or on the exterior. They are placed in line, 
and are linked together by means contrived for the pur¬ 
pose at each of their ends.- The prism Is usually about 
twelve feet long. The spears or staves are about six 
feet long and two inches in diameter, and are made 
either round or square. This is rather a complicated 
machine, and one which Would require proper materials 
for its construction, and artificers accustomed to that kind 
of work. The facility also with which ehevaux-de-frise are 
destroyed by a few rounds of artillery, has caused them. 
to be disused of late: so that they are ho'longer curried 
about with armies, and are scarcely ever employed bat 
«s barriers at the entrances of a field-work. The required 
communication between the counterscarp and such en¬ 
trances is made by throwing four orfiVe beams across 
the ditch, and placing boards or planks transversely over 
them. In a moment of danger these are polled aiVay, 
and converted.if necessary into means of strengthening 
the entrance' bartfcr. Whctr the difch is more ‘fo*jj; 
■twelve feet widens trestle iriaybe placed iri the middle, 
to support the teapis, It may somcHmes- happen that 
the bridge is upwards of twenty or twenty-four feet long 5 
in these cWs more trestles must be enjplOj'edi aud care 
must' te taken not to , place . them jtt'A greater ; distance 
. from .each. ''ofottf fowl tWelye . feet.' It Iq' absolutely ‘ 
ncccssary thai a field-work should ip some 

way or other be MfeltefoS botit fhjdi damage; by rpiii 
and by ;the felt ^shells.. ‘therefore Cjme andi 

migifoine'inAy bp 

conHtrtfefeiy f ;|a.;an appropriate part of foe yforli: for 
instance, top#' tte Irifcss of * largt$;btay«rso; But 

should ihewbe hriinting, agaodpreptite, andonevvhieb ' 
hat often berfa tried with success, ;ix'fo bury the powder ■ 
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in'the mass of the panpet, having placed it m any 
common box which may have served for the transport of 
awmaoilion. the cover side serving as a door, to which 
a Itek may be' put if one is at hand ; but whether or 
not, a sentry'is placed near it-to prevent accidents. 


thni 


; , . V CHAPTER VI. ! 

On 'the Meant ef addirig id' tfu Strength of Field-work. 

The ditches, of field-works' being usually of an in¬ 
considerable depth', can hardly be regarded as efficient 
means of stopping an enemy: for ff they are but six 
feet deep, (and the haste with which such works are 
usuallyfhrown up will rarely permit them to be deeper,) 
he will easily jump into them, loaded as be may be with 
arms and jknapsaek. The dead angles also of (hope 
ditches, where the enemy will be perfectly secure, will. • 
give him time .to breathe, rally* and form for the assault. 

It is therefore necessary to place Obstacles upon the 
approaches to those points. Now’as the salients .are in 
all works the weakest .'points, ail fop resources of art 
must be employed to retard or arrest the enemy’a mooch : 
towards them, to throw him into disorder, ami keep hint 
a long time under the fire, of the work. The test of Abattir, 
all obstacles la ah abattii : which' is a Barrier formed of S** ®g«2l 
strong inter)aoed branches of trees stripped-, of their, 
leaves and, smaJkr parts, sharpened at their extremities, . . 
and presenting outwards a cluster of points. They are 
fastened to the ground at the thick end, and screened 
from the enemy’s sight by an advanced glacis,'the slope 
of which ig upon the prolongation of foe west qf foe 
parapet; tte earth requisite, tor the purpose Is taken 
from behind H upon the production of the ridpe of . foe 
original glacis. Trees or branches thus placed can 
with'difficulty be removed by hand; and cannon shot 
prudqccs but little effect in deranging them: the only- 
effectual method therefore of destroying them would be 
to set them on fire. Troitf-de-lqvp , ate .excavations in Trous-d*. 
the form of iaverted cones or inverted pyramids, six feet loop, 
deep arid six feet, wide at top; foey are placed in chequer 
and six feet asunder, aud ore'sometimes covered with - 
furze or light branches, to conceal them from the sight 
of foe enemy. . Trous-dedoup are excellent means of 
arresting the march and breaking the ranks of foe 
assailants. The earth resulting from the excavation 
being piled up on the sides, fenders the ground exceed¬ 
ingly uneven, arid prevenis..lhe fornretion of any kind of 
order, m the attack. :; but, as it is attended w*fo.,.tfm evil . 

.of rawiug the grtfund^twp or force feeih twtfoffokiup 
am only' afiofogihlc where’ the' parapets of file works 
have a (Command of wvedoc eight feet ewer the country : 
Olltetrwfe it if necessary to to,strew too earth about as 
to forfo no sensible jelevatibu. ^ At : foo bottoms of these 
hpleBstfpng flakes are ilriycn in with sharp points up- 
■wards ; focir use is to pretteut' the enemy from (eking 
tevejr in thjttrt agaigst. tim^ra of foe works. It is thought 
however tbit active rinexrien wobld make use of them as 
<W'ers,. firpm rofoin ^hich they might pick off ail who ■ 
ihoWd’sljow tteU’ heads above the. parapet. Trous-de- 
lovramiif be ifosfddyisd in several cases 1 as first, in front 
of .lines, to render their access more' difficult and retard 
foe march.of foe attacking lohimns. . Secondly, aguitet 
Cavalry wlfen ony particular pari pf a front requires Ip-., ■ •■■ 
be screened, from its attack. And lastly, Gay do Verupt* 




mi 


FOR PIC A T f O N. 


k 

'-.W' 

’ 


'■ J' 
** 

' b u -‘ 
r.» *, 


ImunW 
_iion»» •• 


rortific^ recomatottd* them stronglytobe employed lit .thb bot- 
tio "» V tom&fi* ditches of field-works. .; * 

W-*,.• .•Crows*feet ore,pieces of,iron with four points diyerg- 
Cm»»* ww-jng from a centre, and so mode that whicheverway .the 
; .-v. - , ^fiss foils, one point will always be presented upwards. 
*’■ They were formerly very much used, being strewed over 
roads where thb passage of the enemy’s cavalry hap, 
pened'to he unavoidable. Some recommend - strewing 
them in quantlties over the glacis or on any of the-op- 
prooche* to field-works: but for this purpose, they are 
, » no^ so good an expedient ns small pickets or stakes 

B * ted in great numbers, and projecting six or-eight 
es above ground. The. harrows used by.labourers 
' barrows, would be of great service, if buried so as to leave .only 
their points above ground. : • 

Whenever local circumstances permit the ditches to 
be filled with wafer to the depth of five or six feet, 
this means of defence should not be neglected; as 
not only the defect of dead angles will be completely 
remedied, hut the enemy will be forced to employ more 
than ordinary means to approach the work. If a jsmall 
river or rivulet passes within musket range of the 
work, the difficulty of access to the latter may be in¬ 
creased by throwing up some dikes across the; course of 
the river, thereby spreading an inundation over the 
adjacent ground. These dikes arer so placed ns to be 
enfiladed or flanked by the fire of the work; and when 
time and workmen are not wanting, the most exposed 
amongst them may be covered or supported by a small 
redan to prevent the enemy from arriving at them and 
draining off the waters of the inundation. Experience 
' has proved that a good dike should not be higher than 
nine feet; hence, foom one dike to another, when several 
are used, the difference of level between them should 
be only four feet and a half, in order that the most 
shallow parts between two dikes shall not be fordable. 
Therefore, after fixing the place for the first, dike, that 
of the others will depend upon the natural slope of the 
waters, which must be determined by levelling, or ascer¬ 
tained by information-obtained from the neighbouring 
millers. The level of the second dike will be placed 
four feet and a half lower than that of the first; the 
third as much lower than the seeded, and - So on wjth 
the rest Hence it follows that thfokiudof defence is, 
inapplicable to a mountainous country,-because the. 
slopes are too great: .it is equally so to a-courttry where 
the bed of the river is not sufficiently confined, and has 
its borders too far apart; because the dikes, in this 
case, would require too considerable a length, which 
would entail extraordinary labour in tile construction; 
and difficulty in the defence, v,. *• 

It is impossible to fix a limit for the length of a dike, 
because its construction, depends upon the means at dis^' 
posal. In some cases a dike one hundred -yards long' 
would appear a prodigious undertaking: in other cir¬ 
cumstances the construction of such, * dike would be, 
sufficiently practicable. But as neither the profile of a 
dike nor the length of ifs fall. for the evacuation 6r run-; 
iiing off of tbe supetfluous water are dependent upon 
Its fcttgth, some, details-upon the subject may be given. 
When f dike ,1s not liablfcto be battered by artillery, a 
ihickness. at top of, fony.^Ket and a half will suffice, sup- 
" jJosing tire.djjce to be made, a* it nfost generally is, of 
eatlh-ATbe earth may be talcenfi-oih the lower or ebb- 
side j andif it be not sufficiently binding and letr the 1 
water filter through It, grafter earth must be brought 
from the, neighbouring country wherever, It may be. 
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found. This will augment the trouble, but is indispeni- 
. able - for the goodness of .the work. The best way to 
prevent filtration is to llpe tike inside of the dike with 
day.' When the dike is ekpcsed ld jcannon its] summit 
ought to-be proof, ;that Is,'about iff he; or,, ten fed thick. 

Its natural slope may be given to&e earth on both 
aides the dike ;but for greater perfection, the upper 
elope, that is,' the one'on the flood bUJc, should be made 
, the gentlest, by giving its base twice’ the length of the 
dike's height; to avoid'the shock of the stream and 
diminish its pressure, ‘. - 

If after constructing the dike with earth 'according 
to the profile above indicated, tbe waters were allowed 
to rise above it and flow over the, whole of its length, it 
Wouhl not be long before* the whole dil^e mjlist bfe de¬ 
stroyed, supposing the current were at-all rapid. To avoid 
this inooUVentence, a space is left debt or ten l ihches 
lower than the rest of the dike, taulqf sufficient breadth 
to allow, a free passhge to all the water of,.the stream. 

This part forming a cavity on tbe top of (lie dike, and 
constructed more solidly than the rest, is called , the fall 
or deversoir. This foil is constructed with fascines, that See fig. 22. 
is, after building the dike to a certainr height, a double 
revetment of well picketed fascines is commenced : this 
revetment must not .only cover the, top of the fall and 
the ebb side slope,-blit must extend underneath, forming 
a bed to break the fall of the water and prevent its un¬ 
dermining the foot of the dike. With respect to length, 
this bed is made to extend a little beyond each extremity 

- of the foil, in order that it may more completely fulfil 
its object. To give greater solidity to the bed of 
fascines; the tops of the pickets which are driven through 
the mass, may purposely be. left a little above ground, 
and have hurdle-work mterwoven round them. The 
pickets or stakes ought to be four foet and a half long. 

The same hurdling might he made on the revetment of 
the fall; but if this should appear too : laborious, the 
extremities of the fosclnes should at all Events be secured . 
by others placed crosswise and strongly picketed into 
the first. The cheeks Of the foil are likewise revetted 
with fesCities,, which are 'placed at right angles , with 
those of the top of the foil and picketed into them. 

When any partof the ground about the accesses to . 
th* worlds. low and marshy, but,.destitute of such cur¬ 
rents it>f running wafer'as would permit an inundation 
to-be formed, holed or trenches fiyfe or six : feet deep aud 
as-many wjde may be substituted.. These holes and 
trenches will effectually stop the enemy ; and b%.yrill be 
obliged to fill them, up'.hfjgNrp ho can jijgrjve^at, the 
counterscarp which' they ©wer.The above-meutSqued 
breadth will be quitegumcit^tto^endcr thhm impassable 
for men lofided with arms^ amtn uniti 6 n,,,and knapsacks. 

The Carthirexcavated, must;.be 'cdrefullyVand evenly 
strewed about, both to preyettHtp fo inihg amall islands 
which would asslst the issaUants,««d bmuse^my: rise , 
of groundsill the ririrnty/effa field-wprtf biay be Aelri- 

- mefttal, owing tb-thfe" sfoailTrelief usUally given td lhe 
latter. "If (he l^ijj^jbaf.i^di% ofot (6 the enemy 
the facility,pf draining ufe fptindation or sheet of water, 
.theholcsand trenchee ab'pye mentioned.may be multi- 
plied. ae .'they .will contain Water^gnS be. a serious ob-- 
stacle even after, the dtajhlhg is efirettS '■ 

PaK&ades for field-works are ntoJe of strpdg branches Palisades 
or rather trunks iff. small dr fo 1 lddfo^M> trees, split 
Into two or four pari»,.ahd ps#Hd)y cut tiCfb triangular 
;* prisms baving fiach tide six dr seVentffehes bread; but 
whether they are, used-In thrir jmmiral toii mi stale or ' 
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Koriifica- sawn into prisms or split in two, their efficacy is the 
iiun. same. Their length is nine feet, and they sire sharp- 
rneil at the upper extremity. The best place for pali¬ 
sades is at the foot of the counterscarp: because 
they are there most screened from the enemy’s shot, 
and embarrass him most in his attempt to get into 
the ditch. If the palisades were placed contiguously, 
forming a palanque for the defence of the ditch, it 
would then be necessary to put them at the foot of the 
escarp ; but when merely employed as an obstacle, 
which is most generally the case, they should be placed 
us above mentioned at the foot of the counterscarp. To 
plant palisades, a trench is dug three feet deep, and as 
narrow as possible; and in it they are placed three or 
four inches asunder. The earth is then well rammed 
down round them so that they shall be firm ; and they 
are united ut top by a riband or cross beam, ugainst 
which each palisade is nailed. It would be stdi better 
if they were likewise fastened at bottom to across beam 
buried in the ground, for this would utterly prevent 
them from being torn up separately, 

Fraiies arc nothing more than palisades placed hori- 
*'"■ “ 1 ” zontally or slightly inclined to the horizon, with their 
points downwards: they are usually placed upon the 
summit of the escarp, and then, notwithstanding the 
precaution of throwing up a glacis to cover them, they 
are soon destroyed by (lie enemy’s cannon. Neverthe¬ 
less great advantage is gained when he can be forced to 
do this: for during the whole time he is so employed, 
his lire, which is ricochet, is returned with interest by 
the artillery of the work with full service charge. The 
inclination given to liaises is intended to prevent the 
gieii'idcs, which are thrown into the ditch, from lodging 
upon them. I' 1 raises must be placed as nearly conti¬ 
guous as possible that the enemy may have the more diffi¬ 
culty in cutting them down with the hatchet, or in saw¬ 
ing them off. Tite placing of both pniisades and (raises 
is a subject which merits to he well weighed: there 
being instances in which instead of opposing, they have 
conti ilmtod to facilitate the assault.' The length of the 
(raises ought to be at least ten feet and a half, in order 
that they may project four feet and a half heyond the 
escarp: about one foot and a half rests on the berm ; 
and the remaining four and a half teet arc buried in the 
mass of the parapet. They arc nailed to a cross beam 
Mink into the berm ; and that they may be firmly con¬ 
nected, another cross beam buried in the parapet unites 
their superior extremities. 

Fougasses arc perhaps the best of all means of stop¬ 
ping the impetuosity of an assailant: but unfortunately 
tlicy cannot in every case be employed. When the be¬ 
sieger is aware that the work is provided with fougasses, 
nuil this he should he suffered to know, his timidity abd 
circumspection will be extreme. Soldiers who have 
once witnessed the springing of one of these small 
mines, are in continual apprehension of explosions; and , 
a hidden danger which they cannot anticipate produces 
upon them a much stronger apprehension thau they are 
susceptible of feeling at perils of a more serious nature, 
when openly encountered. The effects, indeed, which 
mines produce upon the morale of assailants are perhaps 
the greatest advantage which they afford to the defend¬ 
ers. To establish a fougass, there should be buried, at 
the depth of a few feet, a box containing three or four 


* See Major Ueiil’a translation of Col. La Marro'a Defence of 
Badiijoa. ' - 

lOt. Vt. 


loaded howitzer shells, or else about t.wenty pounds of Kortificu- 
powder. This box is communicated with by a wooden fum. 
trough, which is likewise buried in the ground,and is dcs- v—-v— 
lined to convey the fire to the charge. Tn order to place 
it, a narrow trench is dug, of the required depth ; and 
after charging the mine and laying the powder pipe in 
the trough, the lid is carefully fastened down. The 
trench is then filled up again with earth, taking care to 
ram it down well, and scattering about the surplus on 
the surface. The well or hole which has been excavated 
to contain the charge, is,after the latter has been placed, 
filled up with stones instead of earth, to render the 
effects of the fougass the more destructive. The trough Suo.flg. 21. 
pusses down the counterscarp under the bottom of the 
ditch, through the’thickness of the parapet, into the in¬ 
terior of the work. It is sometimes made to stretch 
across the ditch, and is then supported by trestles ; but 
this arrangement exposes it to continual accidents, if 
the box containing the charge be likely to remain long ‘ 

under ground, it is necessary to calk and tar it, as well 
ns the trough, to preserve their contents from damp. 

Great care must be taken to guard against precipitation 
when about to spring a fougass, otherwise the chances 
are that it will explode, before the enemy reaches the 
sphere of its effects. Fougasses are very advantageous 
at the angles of dead ditches, where they may be placed 
about ten feet asunder; and also at about ten or fifteen 
paces from the ditch, at those points over which the enemy 
is most likely to advance. The chief and perhaps only 
objection to them is that they seldom act at the precise 
moment when the enemy is immediately over them; unless 
therefore there be placed an abattisor some such obstacle 
retard him there until the explosion takes place, his 
destruction by this means will be very doubtful. 

When an enemy succeeds in getting into the ditch of Defence of 
a field-work destitute of flanking defences, ho is perfectly dead ditch- 
safe from every thing but hand grenades ; and it is not **' 
always that a supply of these can be commanded. It is 
therefore of importance that means should be employed 
to obviate so great an evil. If the work is a lunette, there Palacque*. 
may lie placed a palanque, that is v a row of strong pali¬ 
sades across the ditch at the angles of the shoulder. 
Loop-holes are of course made at proper distances for the • 
purpose of permitting a cross fire of musketry upon the 
salient. For a square redoubt, the simple palanques 
above mentioned are inadmissible because theydefend only 
one side. Double palanques are therefore used, which Caponni- 
are placed at two opposite salient angles, so as to sweep *”>»• 
the whole of the ditch and have a cross fire upon the 
other two remaining angles. The palanques ore covered 
at top with thick plonking and fascines: and to screen 
them from fire, a bed of earth or manure may be laid 
over the top. A double palanque, or covered gallery of 
this kind, receives the name of caponviere. The descent 
into this caponnihre is effected from, the interior of the 
redoubt, by a passage cut underneath the parapet. The 
outer extremity of the caponnierc is not made to reach 
the counterscarp; for, if-.so.it would soon afford the 
enemy a safe means of crossing the ditch. A portion 
of the counterscarp is therefore cut away at the.head of 
the cnponnifere to isolate the latter. The small width in 
general given to the ditches, and the great quantity of 
limber necessary for the construction of the capon nit res, 
are the reasons of their being seldom employed: they 
are, in fact, a means of defence which cannot be re¬ 
sorted to, otherwise than in cases where there is plenty 
of time at command, and timber in the neighbourhood, 

2 x 
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Another expedient sometimes adopted, is that of loop- 
-holed galleries underneath the mass of the counterscarp, 
far the purpose of having a reverse (ire along the ditch. 
A communication is made from the interior of lira work 
into these galleries of reverse fires, by a gallery driveu un¬ 
derneath the bottom of the ditch. If the objection to the 
capon nitres, arising from the great.consumption of time 
and timber which their construction demands, be a just 
one, it applies much more strongly to these works which, 
for the same reasons, can be very rarely executed. 

The surest way to support the courage of the defend¬ 
ers, and consequently to increase the strength of a work, 
is to facilitate their means of retreat in ease they should 
be overcome; and thus to procure for them a place of 
refuge, in which they may capitulate upon terms the 
more honourable in proportion as they have defended 
with gallantry the principal work. This may be accom¬ 
plished by the construction of an interior redoubt, when 
tile magnitude of the principal work will permit it. In 
forming such redoubts, care should be taken to dispose 
them in such manner that there shall not be a single 
point within the principal work undiseoverable by their 
fire',* and their sine must lie adapted to the numbers tor 
which they may be required to afford cover. If the 
principal work be one of a considerable extent, the re¬ 
doubt maybe made with earth, like an ordinary retreneli- 
ment, that is, with a parapet and ditch. But then a 
command must be given to it over the parapet of the 
exterior work, in order that the enemy when standing 
upon the parapet of the latter may be .unable to see into 
the redoubt. The best kind of interior redoubt is that 
called a blockhouse, which we are next to describe. 

Blockhouses are a species of retrenchment peculiarly 
adapted to woody countries: because the materials for 
their construction are found upon the spot; and as these 
countries are mostly mountainous, the enemy cannot 
without much difficulty transport his cannon with him. 
There is besides in such countries difficulty in finding 
a site whereon to construct a work of the ordinary 
uncovered kind, which may not be seen into and com¬ 
manded by some neighbouring height. The plau of a 
blockhouse is usually that of a rectangle eighteen or 
twenty-four feet wide in the inside : but when it is pos¬ 
sible to give it greater dimensions, its plan is that of a 
‘cross so that its fires flank one another mutually. The 
profile of a blockhouse will vary according as it may 'be 
liable to an attack of infantry merely, or of infautry 
with artillery. In the former case its sides may con¬ 
sist simply of rows of contiguous trunks with loop¬ 
holes made In them three feet asunder. In order that 
the enemy may not be able to set fire to the blockhouse, 
lie must be kept off from it by a ditch, the earth of 
which .is piled up against the blockhouse as high as 
.the loop-holes, and is moreover employed ■ to cover 
the roof and form also a small glacis round the work. 

' The only difference between a blockhouse intended to 
resist artillery and that which lias been just described 
is, that, instead of a single row of contiguous trunks of 
trees or piles, the former is constructed of a double 
row; the Interval between them being filled with well- 
rammed earth as high up as the loop-holes, the whole 
composing a wall three feet thick. This work being of 
a more important nature than the preceding one, ics 
inside dimension should be twenty-four feet, and the tie 
beams, owing to (heir length, must be composed of two 
pieces scarfed in the middle, and moreover supported by 
strong stanchions reposing on a groundsill. 


But this description of the mode of erecting block- [ Fortifica- 
houses, being confined to the usual practice of Euro- tion - . 
pean service, would be. incomplete without some refer- ‘ 
ence to the peculiar construction and employment of ^JJjlworka. 
similar defences in the forest warfare of North America. 

By the universal expertness of the backwoodsmen of 
that country in the use .of'the axe, works of the kind 
are constructed with astonishing rapidity, aud rendered 
capable of opposing a formidable resistance. The 
Americans build their blockhouses, like ordinary log- 
habitations in their new settlements, of thick, horizontal 
trunks of trees, roughly squared; arid several of these 
works, disposed like bastions at the angles of an area, 
in such order as to flank each other, and connected by a 
stockade; or curtain of close palisading of upright trunks 
of trees, loop-holed for musketry, compose a temporary 
field-fort of no despicable strength. Even when artil¬ 
lery can be brought against these works, their defenders, 
protected by interior traverses of earth, suffer little loss: 
while the blockhouses and stockades, being formed of 
green timber, do not easily admit of being breached; 
and may equally—as was proved in one instance, during 
the lust war on the Canadian frontier,-*--defy any attempt 
to set them on fire will) red-hot shot. Against mere 
musketry or an open assault, it is evident that, if well 
defended, the nature of -such enclosed aud flanked 
buildings can leave a garrison little to fear. ,Tlie Ame¬ 
rican blockhouses have sometimgs an upper story, pro¬ 
jecting sufficiently over the lower, to afford a plunging- 
fire, through the loop-holed floor, upon the assailants 
at the foot of the walls. 


CHAPTER VII. 

Attack of Field-works. 

Having detailed the outline and relief of the various 
works thrown up in the field, and having pointed out the 
means by which such works may be rendered most difficult 
of capture, this Essay may appropriately terminate witli 
a brief account of the nuiunerin which intreiichmentsiire 
attacked, if they are of little strength and importance, 
aud unprovided with artillery, the assault is given with¬ 
out any previous- cannonading. The light troops sur¬ 
round the post, directing upon the crest of the parapet a 
shower of bullets, to prevent the defenders from showing 
. themselves, or at least to force them to fire precipitately 
ami without aim. If nothing protects the access to the 
counterscarp of the work, the assailants jump into the 
ditch and prepare for the assault; a part of them remain¬ 
ing upon the counterscarp to keep down the heads of the 
defenders. When the troops have had time to breathe 
in the ditch, they give the assault, the men helping one 
another to climb up to the berm; whence, with a fresh 
effort they rush all together up the exterior slope, fire a 
volley, and then .move at once upon the defenders to 
compel them to surrender. If, instead of the feeble i 1 - 
trenchmcrit which we have just supposed, the work to be 
attacked were a targe field fort, provided with an inte 
rior redoubt, armed with cannon, and strengthened with 
abattis, trous de loup, fraises, and palisades, destined, m 
short, for a long defence, the dispositions for attacking it 
would be very different. It must, in the first place, be re¬ 
connoitred, in order to ascertain, as nearly as possible, 
the nature of the obstacles to be overcome, tiie number 
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Fortifka- of cannon, and how they are placed, and likewise every 
(ion. detail of the ground about the work : in order that the 
—“'v'-*-' measures takeii for the assault may be properly executed 
even at night. Batteries are then constructed; and when 
ready, the howitzers commence ricochetting with shells, 
ploughing up the slopes of the parapets, anddeutolishing 
the fraises, disarranging and cutting up the* ubattis, dis¬ 
mounting the artillery, and destroying the troops: while 
the cannon fire with full charge and directly through the 
embrasures, converting the merlons into a heap of rubbish 
and dismounting the guns. When the cannon of the work 
is silenced, the light troops, who until then only occu¬ 
pied the intervals between the batteries, (not to obstruct 
their fire,) now surround the work, enveloping it in 
cross fires. The infantry, drawn up in as many columns 
as there are salients to the work, move forward, and the 
signal of assault is given. The abattis may arrest the 
progress of the troops until a passage be cut through it 
by the hatchets of the pioneers who march in front; 


and whilst this is being effected the battalions with sup¬ 
ported arms remain exposed to all the fire from the 
work, without being able to answer it. The light troops 
however should, in the mean time, redouble their efforts 
to keep down the enemy’s fire. The obstacle being 
overcome, the columns again move on iu close order; 
the foremost men throw planks over the trous-dc-loup’, 
and prepare the way tor the rest; when arrived at the 
counterscarp, the assailants descend into tho ditch ; cut 
away the palisades if there be any; rally ; draw breath • 
and then rush to the assault, entering through the em¬ 
brasures or pussing over the parapet. In short, after a 
struggle, more or less protracted, the colours of the as¬ 
sailants are planted on the most elevated part of the in- 
treiichment; the defenders, borne down by numbers, 
have.ceased to resist; and withdrawing into the redoubt, 
there demand a capitulation, which a generous victor 
cannot refuse. 


EXPLANATION 


THE CHIEF TECHNICAL TERMS USED IN MODERN FORTIFICATION. 


Jbattia. A line of felled trees with theii branches pointed towards 
the enemy, to obstruct his advance. 

ddvanced-irurh. Any defensive eonstrurtion placed in front of the 
envertirny, but within range of tho mtillcry of a fortress. 

-lpproarhrs. See Zig-zags. 

Bnnyurtte. A step to enable infantry to tiro over a parapet. 

Barbette. Any raised platform to enable cannon to fire over the 
parapet. 

Bastion. A principal work in the enceinte of a place, composed of 
two laces projecting outwards, and two flanks. 

Batardenu. A dam across the ditch of a fortress, to retain or let off 
tho water at plensure. 

Battery. Any area on which cannon, mortars, Ac. are placed to fire 
against the enemy’s works. 

Ba m. A narrow path left between lbs parapet and edge of th# 
ditch before it. 

B/mduge. See Splinter-proof. 

Bla hhutar. A covered building, generally of wood, for defence. 

Body of ilie place. All works within the main ditch. 

Bomb-proof. See Casemates. 

Breaking ground. Commencing tho trenches in a siege. 

Camouflet, or Stijler. A small mine formed in the earth between, 
two parallel galleries, to cut off the retreat of the enemy’s 
miner. 

Capital. A line imagined to bisect the projecting angle of any 
work. 

Caponnitre. A screened communication between two works. 

Casemate. A vault of brick or stone, to cover artillery or to lodge 
troops, generally formed in the mass of the rampart, and always 
made bomb-proof: that is, of sufficient thickness jind strength 
in the roof and sides to resist the eileet of shells, projected from 
mortars. 

Cavalier. Any elevated work ia the enceinte of a fortress or in the 
trenches of attack, to give a command over the enemy. 

Chamber of a mine. The excavation which contains the charge of 
gunpowder. 

Chevuux de frier. Obstacles composed of horizontal beams, bristled 
with pointed stakes, sword-blades, Ac. 


Cireumvallalion. A line of works drawn round a fortress to exclude 
succour. 

filler. A sunken eajtonniere, or trench for defence, generally 
covered, and lined with brick-work. 

Command. The height of one work above another, or above the 
' natural ground. 

Cordon. Thu horizontal moulding which usually crowns the revet¬ 
ment, which MW. 

Counter-approaches. Trendies executed daring a siege by the de¬ 
fenders, to outflank those of the enemy. 

Counter-arches. Circular walls connecting the tails of counterforts, 
or arches built, in tiers, behind a revetment and between the 
counterforts, to resist the outward pressure of tho rampart. See 
Revetment , and 

Counterfort. An interior massive buttress of dirick or stone, to 
strengthen the revetment , which see. 

Counterguard. An outwork, covering the face of a bastion or ra* 
, velin. 

Countermine. A mine used in defence. 

Counterscarp. The exterior side of a ditch. 

. Cminten altalion. A line of works to prevent egress from a fortress. 

Coupures. Traverses with a ditch in front, formed across tho terre- 
p/nnt or upper surfaces of ramparts. 

Coun-wng. A communication round the works of a place iu fiont 
uf the ditch, and screened by a glacis, which see. 

Crater. The excavation produced in the earth by the explosion of 
a mine. 

Cremait/lre line, or Indented line. A continuous parapet, forming 
a scries uf alternate branches and crotchets respectively parallel 
to each other. The interior slope of u parapet, when cut mi as 
to form short faces alternately parallel and perpendicular to 
the capital of the work, is said to be en cremaitlere. 

Crest. The highest ridge of a parapet. 

Crouin-umrh. A double hornwuvk. See Hornworh. 

Cunette. An open drain running along tho middle of a larger 
ditch. 

Curtain. The connecting lino of rampart or parapet between two 
projecting works. 

Dead-angle. That which is without flanking defence. 
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Fortifies- Drh/ai. Tim earth thrown out in the act of excavating the ditch. 

(ion. JJr filmic. To screen the interior of n work, by a proper height of 

. - 1 parapet, from tho fire of the enemy. 

' Ditch. The cxcavirtio'n in front of a work, from which the earth to 
form the rampart or parapet is usually obtained. 

Demilune, or Half-mo on. See Ravelin. 

Detached work. Any defensive construction placed beyond artil¬ 
lery range from a fortrose. 

Embrasnir. An opening cut in the parapet for cannon to tire 
through. ' 

Enceinte. The main rampart immediately encircling or surrounding 
the area fortified. 

Enfilade. To sweep the interior of a work by a line of fire parallel 
to its front. 

■ Entrenchment. Any defensive cover'obtained by excavation. 

Epaul'menl. In strictness, that elevation of earth which forms the 

wings of a battery, and covers the guns in Sank: but the term 
is often, though improperly, used to signify the parapet in ge¬ 
neral of a battery. 

Etcarp. The interior side of a ditch. 

Face.. A'line of rampart, usually forming one side of a projecting 
angle. 

Fascine., A large fitggot. - 

Faurse-brage. A low rampart in front of, und formerly attached • 
to, the enceinte, which see. 

Flank. The line of rampart or parapet between the face and gorge 
of. any work, which defends either thu collateral ground, or 
thu fronts Of works thereon constructed. 

Fllcke. A simple redan usually constructed at the foot of a glacis. 
See Sedan. 

Fnagusr. A .small mine. 

Frailer. See Palisades. 

Gabion. A cylindrical basket open at both ends, planted on tho 
ground to sustain the e.uih funning a parapet. 

Gabionade. A par.ijiet formed of full gabions. 

Gallery. Any subterranean passage in mining. 

Glacis. A parapet with a gentlu slope terminating on the level of 
• the exterior ground. 

Gorge. The interval between the-rear extremities of a work. 

Hand-grenade. A small shell thrown by band. 

Hurnworh. An advanced work composed of two half bastions and 
, a connecting curtain. 

' Intrcnchmcnl. See F.ntrenchment. 

Investment. The operation of confining a garrison within its de¬ 
fences. 

■ Unci. A general term for any long extent of defensive woiks. 

T.mes of defence, are those supposed to be drawn from the projecting 

angle of a work to the inlc'rinr extremity of tho itank which is 

. , to defend it. 

' Uop-hofes. Small apertures cut in walls or timber work fur mus¬ 
ketry. 

■ Lunelle. An advanced work in the shape of a bastion. 

Magistral line,. That which is first traced on the ground, or bn 

paper, to, express the contour of the plan of any' work. In Per¬ 
manent fortification it is supiwsed to correspond to ll.e cordon 
of the revetment. 

Main-ditch. The principal ditch in a fortress immediately in front 
of the enceinte, which see. 

Merlon. The portion of a parapet between two embrasures. 

Mine.' A subterraneous gallery' aud recess, to contain gunpowder 
for destroying, by its explosion, the enemy or his works. 

/, * ^ 1 

'. Orillon. A projection at the shoulder of a bastion, coveriug the 
Sank from exterior observation. 

• hpulworh. ■ Any defensive construction between the enceinte, or 

-/ / ,'npun rampart, and the ground immediately beyoud the ilitcb, 

Pafdrique, or PaIrinka. • See Stockade. 

Palisades: Rows of strong' jaunted timbers planted upright iu tho 
earth St small intervals. When not upright, and planted in 

;'■* the Slones of parapets, these are termed frailer. 

‘ .Parados. A screen for defence against a fire in reverse, or behind. 


Parallel, in a siege, is a trench nearly equidistant in all its length Fortifica- 
•from tho works of the fortress attacked. tion. 

Parapet, or lirrustieurk. The mass of earth which covers the 
feiulore from the fire of the assailants in trout. 

Piemen. Small mortars for projecting showers of stones. See. 

Place of arms. Any area destined for assembling bodies of tioops ; 
sometimes the parallels in a siege are so called. 

Plane of defilement, is supposed to coincide with the crest of a 
work and the enemy’s fire arm on the exterior ground. 

Plane of site. The surface of tho ground on which a work is con¬ 
structed, if not commanded ; when commanded, the planu is 
oblique to the horizon, and passes through the summit of tho 
height. 

Postern. A covered passage through the rampart into the ditch. 

Samp. An inclined plane fur ascent or descent to a work. 

Humpnrt. Thu mass of earth which encloses anil screens the in¬ 
terior of a work, and on which its artillery and troops arc 
placed in the defence. 

Ravelin. A principal uutwuik. projecting in front of the curtain 
between two bastions. 

Sedan. A work consisting of two faces forming a prejei ling angle, 
employed to cover troops, or the entrance to a puncipal work ; 
when two or more are connected by curtains they term lines 
of intrenchment. 

Jledoubt. Any enclosed work undefended by re-entering nr (kinking 
angles. Also, arty work constructed within miutlier, to servo 
us a place of retreat for the defenders of the latter. 

Itcmhlni. The muss of earth accumulated from the excavation of 
the ditch. 

Ilentrant ox Re-entering angle. Any angle of a nolle of which the 
vertex points inwardly. 

Retrenchment. Any work constinctcd in the interior of another 
to prolong its defence. 

Revetment. Any wall sustaining the sidu of a ditch. 

Ricnhet. A mode of firing artillery, by which the shot is made to 
bgjind along u plane surface. 

Salient angle The projecting angle formed by the faei , ui any 
work. The ground in front ot such angle is in con. non I U 
lance called the salient of tho woik. 

Sally-port. A gate boy mid the ditch. 

Sap. The process of executing approaches in siege operations be¬ 
hind gabions. 

Siim. Hour. A long ftscvir, which wold see. Also thu tula, or 
hose containing the gunpowder by which a mine is fired. 

Shaft. The vertical descent into a mine. ' 

Shoulder. The angle formed by th> lace aud Bank of a weik. 

Splirdcr-proifc. Winds or cov'red buildings of carpeniry to brick¬ 
work, of sufficient strength for protection against fragments of 
shells, grenades, Sec. 

Star-forts. Works enclosing areas and having faces disposed so 
us tc form a series of angles alternately projecting and retiring. 

Stockade, m Pa/unha. ,A row of trunks of trees 01 stout timbers, 
planted upright, close together, and usually loop holed lor 
musketry. 

Tambour. A small enclosure of timber or brick-work, pierced with 
loop-holes fo - musketry- Small areas enclosed by parapets 
of earth are also so called. 

Tamp. To close op the t ntrance to the chamber or a mine, so (hat 
the explosion may not find vent through the gallery. 

TenaiUe. A low woi k in the main ditch of a fortress. 

Terreplcin. Tile interior area of a work; also the upper surface 
of a rampart. 

Tlle-de-jemt. Any work constructed on the bank of a river with its 
rear hounded by the stream iu order to defend the approaches 
to a bridge. 

Towtrdmstian. A tower of stone or brick in the form and situation 
of a small bastion. 

'Traverse. Any mass of earth across the interior of a- work for pro¬ 
tection against enfilade or ricuchet. fire. 

Trenches. The excavations made in a siege for cover against the 
fire of i Bo fortress. 

Truus-Uc-louj.. Hole., or pitfalls with stakes planted at the bottom, 
to obstruct the advance of an assailant. 

Zig-zags, or Approach/!, The trenches by which tho besiegers 
advance, in oblique directions, towards the works of the fortress. 
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(1.) It is impossible to contemplate the Naval 
power of England, and not to feel a deep interest in 
’ its history and growth. Such an inquiry cannot but 
command our attention, mingled up as it is with the 
elements of our political power, and forming the founda¬ 
tion of all that influence which the name of Britain has 
for so long a period maintained in the World. The 
limits of an Essay-, like that upon which we are about 
to enter, will not, however, permit us to do more than 
glance at a subject connected with so many splendid 
names, and so many transcendent events,—with victory 
and conquest in their largest sense,—with civilization 
and the whole train of the useful Arts,'—with all that can 
impart an interest to a Nation like our own, and to the 
wide and extended empire of Man. 

(2.) It has been usual to divide our Naval History 
into three periods: the first embracing all that preceded 
the reign of Ilenry VIII.; the second ending with the 
Restoration of Charles II.; and the last descending 
from the time of the Restoration to the present day. 

(3.) The first ship actually belonging to the Royal 
Navy was the Great Hariy, built by Henry VII. in 
the third year of his reign, at an expense of i?14,000; 
this Monarch being the first who thought of raising a 
Naval force sufficient for the service of the State. Prior 
to this our Kings had neither arsenals nor dock-yards; 
and by the Report of the Commissioners for Revising 
and Digesting the Civil Affairs of the Navy, (1805,) it 
appears, that the permanent Naval force of our Mo- 
narchs consisted only of fifty-seven vessels, each carry¬ 
ing twenty-one men and a boy, as well armed and fitted 
for war as the circumstances of the times would permit. 
Tile t’inque Ports were bound by their Charters to fur¬ 
nish these vessels annually, tree of expense, tor fifteen 
days, after receiving forty days’ notice from the Crown. 
Whenever a greater force was required, ships were 
liited from tile merchants at home, or from those of 
Dantzic, Hamburg, Lubcc, Genoa, and other ports. 

(1.) The Naval power of England began to assume 
a regular and systematic form during the reign of 
Henry VIII. That Monarch formed an Admiralty 
and Navy Board, founded the Trinity House, and 
established the Dock-yards at Deptford, Woolwich,* and 
Portsmouth,t He drew up n code of regulations for 
the Civil government of the Navy, which has formed the 
basis of oil the instructions from time to lime issued 
respecting it. Henry appointed several great officers 
for carrying into execution his Naval plans; viz. a 
Vice-Admiral of England, a Master of the Ordnance, a 
Surveyor of the Marine Causes, a Treasurer, Comptrol¬ 
ler and General Surveyor of the Victualling department, 
a Clerk of the Ships and Clerk of the Stores. These 
officers were commanded to meet once a* week at an 
Office 6n Tower Hill, to consult together for the good 
order of the Navy, and to report their proceedings 
monthly to the Lord High Admiral. Notwithstanding, 

* Woolwich is called the Mother Dock by Cstftden. 

t »n 1650, there was no mast tatwror dry dock, nor sbovl ’ 
100 shipwright, in this Dock-yord. TOf first dry dock yru formed 
to 1055. W’ t \ r i ;>k 

vol. vr. s $9 


however, this approach to a regularly organized system Naval Ar¬ 
ia Naval affairs, the ships belonging to the Crown diitectme. 
formed only a part of the Naval force employed in time 
of war. The tonnage at this time, according to Mr. 

Derrick’s Memoirt of the Navy, amounted to 12,455 
tons, and the mariners and soldiers to 7730. 

(5.) During the reign of Edward VI. encouragement KdwardVI. 
was given to the increase of seamen by pteveming the Knwmrn*,-*- 
trade from being carried on in foreign bottoms. The 8* V * B 
fleet at this time was divided into a Summer Guard J ltB ‘ 
and Winter Guard, the former consisting of 2540 tons 
and 1730 men, and the latter of 2150 tons and 1516 
men. The tonnage at the death of this Monarch 
amounted to 1,1,005 tons. 

(6.) During the reign of Mary, the fleet diminished Mary, 
exceedingly. At her death the tonnage amounted only D»"nnutj\ju 
to 7110 tons, and the ships and vessels to; twenty-six. of 

(7.) Elizabeth attended to the Navy'with peculiar Elizabeth, 
care. She ordered a rigid inquiry to be made into its Eocanragci 
conditkt* and the caules of its late decay. She com- Navy, 
mandefl timber to be preserved for ship-building, caused 
her magazines to lie filled with stores, and ordered 
many pieces of brass and iron cannon to be cast. She - - 
encouraged her merchants to build larger vessels for the 
purpose of being converted into ships of war, when 
necessary; and what is singular, her Commissioners had 
the power of rating them 50 or 100 tons more than 
their actual admeasurement. To stimulate her cwn Her perm* 
ship-boild-rs, she went to Woolwich to the launching of “ al «*«• 
a new ship, and called her by her own name. She lw,w * 
augmented also the pay of her Naval officers, raised tho 
wages of her seamen, and invited to her dominions 
foreigners who were skilled in the Art of Navigation. 

She encouraged, also, the younger branches of her Kncwiugw 
Nobility to enter the Navy, and settled a part of her h** Nobilit; 
revenue, amounting to A‘9000 a year, towards its ordi- *“h*lh« 
nary supply. Sir Francis Drake and Sir John H&w- avy ‘ 
kins, two renowned Commanders, advised the establish¬ 
ment of a Chest at Chatham for the relief of seamen 
wouuded in their Country’s service. The proud titles of 
Restorer of the' Naval power and Sovereign of the 
Northern Seas, were hence justly bestowed upon Eliza¬ 
beth. At the timeofher death, the Royal Navy consisted 
of forty-two ships of 17,055 tons burthen, and manned 
by 8346 seamen. The fleet by which the Spanish 
Armada was defeated* consisted of 176 ships carrying. 

14,992 men; but of these only thirty-foOr ships with 6225 
men belonged to tbe Crown. In the last twenty-five 
years of the reign of Elizabeth, the Royal Navy was 
almost doubled. The annual expense amounted to 
X‘30,000. 

(8.) James I. was not negligent of the Navy, in tbe J*®** I 
former part of his reign, expending £50,000 annually 
on it, exclusive of timber amounting to X36.000, yearly 
obtained from the Royal forests. According (o. Sir 
Walter Raleigh* it was the practice at this time to 
build ships by contract. In 1609 Commissions were ., • ' /V x< 
appointed to rectify many abuses which had insensibly . ‘ 

Crept irjto the NaVy. In 1610 the Prince was built,- rf ■ 

(ft guns and J400 tons burthen, being the largest ship 
- ; • . 2 v ■ 
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hitherto constructed in England. “ ’Phis It oval ship 
was double built, and most sumptuously adorned within 
' and without, with tdl manner of curious catving, paint¬ 
ing, and rich gilding, being in all respects the greatest 
and goodliest ship that ever was built iti England ; and 
this glorious ship the King gave unto his son Henry 
Prince of Wales.* Tile great work master in building 
this ship was Mr. Phinens Pelt, sometime Master of 
Arts of Enmntiel College in Cambridge.”t In 1619, 
we find n reference made to the Wardens and Assist¬ 
ants of the Shipwrights' Company, respecting the sur¬ 
vey of ships at. Deptford ; and in the Naval Minutes 
of Mr. l’cpvs it is observed, that “ the Shipwrights' 
Hall did anciently view and approve of the draught 
of the ships thal were to be built for the King, and 
to survey them in the building.’’! In 1620 the King 
in his Speech to the Parliament affirmed, that -£‘20,1)00 a 
year had been saved in the Naval department; and in 
1628 the ordinary expenses of the fleet were reduced 
from about -£'54,000 a year to .£‘30,000. At the death 
of King Janies, the Navy consisted of thirty-three ships, 
measuring 19,400 tons, proving that an augmentation of 
the dimensions of ships had taken place. 

(9.) Sir Walter Raleigh in his Discourse on the in¬ 
vention ('f shipping, and on the improvements that 
had been made therein in the reigns of Elizabeth and 
James, remarks, that “ in my own time the shape of 
our English ships hath been greatly bettered. It is 
not long since," lie continues, “ the striking of the top¬ 
mast hath been devised. Together with the chain- 
pump, we have lately added the bonnet and drabler. 
(Sails.) To the courses we have devised studding 
sails, sprit sails, and top sails. The weighing of 
anchors by the capstan is also new. We have fallen 
into consideration of the length of cahles,§ and by it 
we resist the malice of the greatest winds that cun 
blow. We have, also, raised our second decks.” These 
different inventions seem to mark an era of active 
mechanical improvement. 

(10.) Thirteen years after Charles I. ascended the 
throne, tv fleet of sixty sail was i quipped. Before the 
Civil Wnr broke out, the 1< ing built at Woolwich a ship 
called the Sovereign of the Seas. Of this “ famous 
vessel,” it was said that “ she measured 12K feet or 
thereabouts. Ivy the keel, her main breadth 48 feet, and 
in height, from the bottom of the keel to the top of her 
lantern, 76 feet." It is mentioned of her, ns a circum¬ 
stance worthy of note, that " she bore five lanterns, the 
biggest of which would hold ten persons upright.” 
That she had also “ three flush decks, a forecastle, half- 
deek, quarterdeck, and roundhouse. Her lower decks 
had thirty ports for cannon and demi-cannon ; middle 
tier thirty for cnlverines and demi-cannon; third tier 
twenty-six for other ordnance, forecastle twelve, and 

* It is mentioned as a rental kable circumstance, that the 
Prince went at three o'clock in the morning to her launching, 
and named it after his own dignity. 

+ A circumstance worthy of notice here is, that Mr, Pett, in 
1618, remarked, that he “ began to victual all the shipwrights and 
workmen employed.” 

J Mr. Pelt was elected and Bworn Master of the Shipwrights' 
Company in April 1606, on which occasion, he says, they kept a 
feast with n great number of their friends, at the King's Head, in 
New Fish-Street j and by the new Charter, granted in 1612 for 
incorporating the Shipwrights of England, he was alss ordained 
the first Master. 

6 The cables before this time are said to have been only 78 
Ikth am* long! nt the present time they are 101 fathoms long. 


two halfdccks have thirteen or fourteen ports, more Naval Ar- 
within board, for murdering pieces, besides ten pieces chitecture, 
of chase ordnance forwurd, and ten right alt, and many l— v "' 
loopholes in the cabins for musket-shot. Stic hath two 
galleries besides, and all of most curious carved work, 
and all the sides of the ship carved with trophies of 
artillery amt types of honour, as well belonging to sea 
as land, with symbols appertaining to Navigation ; also 
their two Sacred Majesties' badges of honour; arms with 
several angels holding their letters in compartments, all 
which works are gilded over, and no other colour but 
gold and black. Upon the stern-head a Cupid, or child 
bridling a lion ; upon the bulk-head, right forward, 
stand six statues in sundry postures; these figures re¬ 
present Concilium, Cura, Conameu, Vis, Virtus, Vic¬ 
toria. Upon the hawsers of the. water are four figures, 

Jupiter, Mars, Neptune. Eolus ; on the stern Victory 
in the midst of a frontispiece; upon the beak-head 
sitteth King Edgar on horseback, trampling on sever. 

Kings.”* 

(11.) To this vessel, the largest that, ever had been This ship 
built in England, ami said to have been designed only occasioned 
for splendour and magnificence, some have attributed 
those loud complaints against Ship-money, which marked shg,. 
tliis Monarch’s eventful reign. By building the Suve- money, 
reign of the Seas it is, however, admitted that Charles 
rendered a great service to the Navy, by setting the 
example of increased dimensions, to which all the 
successes of the English over the Dutch in 1653 were 
ascribed. In the year 1633 the Navy consisted ol fifty 
ships,f measuring 23,695 Ions, carrying 1430 guns, and 
manned by 9470 men. On the breaking out of the State of 
Rebellion in 1641, the number wns reduced to forty-two Koyal 
ships, with a burthen of 22,411 tons. Prince ltupert 
quitted the Kingdom in 1648 with twenty-live ships, 
none of which ever returned. It has been said that 
Cromwell could command at the beginning of his 
usurpation only fourteen ships of war, some of which 
carried hut 40 guns. The first frigate was built in 
1649, by Mr. Peter Pctt, for a privateer for the Earl 
of Warwick. Mr. Pelt adopted the idea from a French 
frigate lie had seen in the Thames. J 

(12.) Tim vigorous exertions of Cromwell raised the Common- 
Navy, however, in six years, to 157 ships, cuirying v -e.rt’l». 
4390 gnus and 21,910 seamen, exclusive of the guns ^ K,ttlul !j° J 
and men for four ships then building. Of these, forty- ru, "'" i 
six were foreign built, mostly captured in the Dutch 


* “On the 14th of May, 1635," says Mr. Pett, 11 I was com¬ 
manded liy His Majesty to hasten into tho North, to provide and 
prepare the frame-timber, plank, and tree-nails for the great new 
■.hip at Woolwich. I left my sons to gee the moulds and other 
necessaries shipped in a Newcastleman, hired on purpose to trans¬ 
port our provisions and workmen to Newcastle. The frame, us it 
was got ready, was shipped and gent in Colliers from Newcastle 
and Bunderlaud. The 21st December, 1635 we laid the keel in 
the dock. Shu was launched 13th October, 1637, and named the 
Sovereign of the Seas.'' 

Engravings were made of this ship by Payne, on two plates 
joined, 3 feet long, and 2 feet 2 inches high. The original picture' 
la suiil to have (teen painted by Vandevelde. 

In Hie list of the King's ships for 1633, the armament or the 
l’riucc Koyal is distinguisned by an or/d number, namely 55 giuis. 

f At the present moment, exnclly two hundred years after this 
date specified above, in a time of profound Peace, and when im 
thought of reductions have been made, ttie Navy consist* of 57-1 
slops. 

t It would appear from Mr. Belt's monument, in St. Nicholas 
Church, Deptford, that he was the inventor of frigate* j this, how¬ 
ever, wus not the ease. 
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War. During the reign of Charles !, the length of 
the keel began to he regarded as an element proper to 
be entered in the official lists; but at the period now 
under review, the breadth and depth also were inserted. 
In the list for 1653 we find a 100-gun ship first men¬ 
tioned, and, singularly enough, called the Sovereign. 
The length of her keel was 127 feet, breadth 46 feet 
A inches, depth 10 feet 4 inches, and tonnage 1141 
tons.* 

(13) Cromwell was so sensible of the respect paid 
by foreign Slates to the Naval power of this Country, 
that, instead of reducing his Navy at the conclusion of 
the War in 1654, he ordered all the ships to be repaired 
and pul into good condition ; he also ordered new ones 
to be built, and the storehouses and magazines to be 
replenished as in a time of the greatest danger. Sixty 
ships were either built or building between 1646 and 
1653; and the pay of the sailors was raised from 19*. 
to 21*. a month. Estimates for the maintenance and 
support of the Navy were for the first time laid before 
Parliament, and the Protector obtained an annual grant 
of .£'-100,000 for that purpose. During the short and 
feeble Administration of Cromwell’s son, the Navy, it 
is probable, somewhat declined, the funds being diverted 
to various other purposes. 

(14.) There seems some diversity of opinion respect¬ 
ing the actual amount of the Navy at the time of the 
llestoratiou. According to some authorities the whole 
fleet consisted but of sixty-five ships and vessels of all 
sizes. Mr. Derrick, however, is inclined to believe the 
a>lual amount, to have been 162 ships and vessels,, with 
a tonnage (as stated in Columna Roslrata, p. 251) of 
62,594 tons. In the second Dutch War in February, 
1665, it is known the English fleet at sea, and ready for 
sea, consisted of 114 sail, besides fire-ships and ketches. 

(15.) According to Mr. Pepys, King Charles II. 
“ possessed a transcendent mystery in all maritime 
affairs.” For the first ten years of his reign he wan un¬ 
doubtedly very intent on augmenting otir Naval power. 
He nominated the Duke of York Lord High Admiral; 
ami, by the advice of Mr. Pepys, a Committee was 
appointed, over which the Duke presided, Mr. Pepys 
acting as Secretary. The powers formerly granted to 
the Admiralty and Navy Hoard were recalled, the Lord 
High Admiral undertaking the supreme management, 
with the aid of throe new Commissioners, the Comp¬ 
troller, the Surveyor, and the Clerk of the Aets. Seventy- 
six ships of the line, stored for six months, were called 
into active sea pay, besides merchantmen, and a nume¬ 
rous train ofkctches, smacks, yachts, Sue., with more than 
12.000 seamen. At this time, also, there were thirty 
new ships building, and an abundauce of Naval stores, 

(16.) In 1663 and 1664 a stimulus was given to our 
ship-builders by the Dutch and French having built 
ships of two decks, earryiug from 60 to 70 guns, ca¬ 
pable of stowing four months' provisions, and having 
their lower guns four feet above the water. The 
English frigates at this time were what was then 
called “ Dunkirk built," narrow and sharp vessels, ami 
lienee incapable of carrying their gnns little more than 
three feet above the water, and only ten weeks’ prov i- 
sious. Sir Anthony Deaue, a keen observer of Naval 
affairs, and the most accomplished ship-builder at tlmt 
time in England,endeavoured to correct these defects, by 


* In the lint of the Navy for 1651, the armament of the Revo¬ 
lution was diatinguuhcd by an »(U number, vis. 85 guna. 
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causitig two ships to be built capable of carrying six * hlt « ctu>c - 
months’ provisions, and having their guns 4k feet above ,' r ~ m ' 
the water. ^harge fur 

(17.) From 1660* to 1670 the charge of the Navy, ' u ' NaTV * 
according to the Lord Keeper Bridginan, had never 
amounted to less than £500,000 a year. It is remark¬ 
able, however, that, in 1665, Lord Clarendon told the 
Parliament that the Naval and Military stores were 
entirely exhausted. This is oue among many instances 
of the conflicting testimonies met with in the Public 
Accounts of the Country, of which our own day is not 
without Examples. Rxtravn- 

(18.) In 1673 (lie Duke resigned his high office, ci'ai'.os. 
and from that time until May 1679. the u(Fairs of the 
Admiralty were managed by the King himself. The 
vicious habits of this Monarch wasted in dissip:ii : on 
those sums which ought to have been employed in main¬ 
taining the Navy; and so sensible was tiie Parliament 
of this, that £’360,000 was not voted for the Nava! service 
in 1675, without making particular restrictions respect¬ 
ing the appropriation of the money. In 1677, also, 
£‘586,000, voted for the building of thirty ships, was 
subjected to like injunctions. From 1672 to 16sl, the ™y 
affairs of the Navy were managed by a Commission, 
but so badly were they conducted, that the Naval force siuu. 
at sea hail declined to twenty-two ships, none of which 
were larger than a fourth-rate; whilst the vessels in 
harbour were totally unfit for service, and falling rapidly 
into decay. Several of the ships had been reported by 
the Navy Board to be in danger ot sinking at their 
moorings. The magazines of stores were also reduced 
to less than £’5000 value. Sir Anthony Deane, one of 
the Commissioners of the Navy, resigned in 1680 or 
1681, foreseeing the condition to which the Navy would 
be reduced. In 1684 the Duke resumed the manage¬ 
ment of Naval affairs, assisted by the able advice of 
Mr. Pepys, but the ships continued to decline till the 
King’s decease. 

(19.) It is remarkable, however, and the circum- James II, 
stance ought to operate as a salutary camion in every 
after Age, that the power and energy of the Duke could 
not arrest this declension; uor for a whole year after he 
had become King, could he, with the whole weight of 
his new authority, check the progressive decay, lie 
resolved therefore to suspend all the ordinary modes by 
which the business of the Navy had been conducted by 
the Navy Board, and to call into his aid other persons, 
on whose experience and industry he could rely. These 
he joined to a select number of the old Commissioners, 
in effecting his work of reformation. A part of these 
members, six in number, was required to sit constantly 
at the Board, and nmong them was the able and con¬ 
scientious Sir Anthony Deane. Three members of the 
Board superintended tho Dock-yards at Chatham, Ports¬ 
mouth, and Woolwich, and the remainder, with the aid 
of Lord Falkland, were occupied in adjusting the ac 
counts. Of these Commissioners, Mr. Pepys has re¬ 
marked, “ That they were men possessing a practised 
knowledge of every part of the works mid methods of 
the Navy, both at the Hourd and in the Yanis ; a general 
mastery in the business of accounts, vigour of mind, 
and improved industry and integrity ;" qualities, we 
would add, which, in every Age, cannot but be of the 
first importance to the public service. 

* In 1660 the Dutch gave his Majesty a yacht called the Mary. 

This it the earliest tiinu at which the name Yacht is to be found 
in out Naval records. 
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(20 ) The fir.sl inquiry of the new Commissioners was 
into the rapid decay of tlie thirty ships \otcd to he 1 milt 
in 1077. Some of these vessels weic completed the fol¬ 
lowing year, lint others not until 1682 ; and it appeared 
that their decay did not result so much lioin the haste 
with which they had hern built, as trout the omission ol 
the necessary and ordinary precautions for preserving 
them. The labours ol the Commissioners were so 
entirely satisfactory, that on theclose ol the Commission 
on the 12th of Octoln-i, 1688, there remained only three 
ships to be examined of the whole number originally 
proposed to lie rep ined. Added to this, store's for eight 
months instead of six were left in the magazines, dis¬ 
posed in the must admirable order, and ready to he 
applied to the proper ships. The value of I lie stores 
so laid apait lor each particular ship, together with 
those on board the ships at sea, amounted to above 
.i'?Mi,<i<J0. The Commissioners also left in store a 
finther reserve ol wood, hemp, pitch, tar, rosin, can¬ 
vass, iirm, and oil, ol above 1*1 tilt,OltO value ; and more 
new iiiag.'i/iiies were eiealcd in the course of this tune 
Ilian had ever existed before. Thus the Navy was 
raced bom its feeble and abject slate, to a degree of 
pinspciily unparalleled in any previous period of its 
iiisloiy. Among other prudent regulations, the Com¬ 
missioners abolished the irregular supplies of stores 
which the boatswains and carpenters of ships had 
hitherto controlled, and fixed one uniform establishment 
of sea-slores for a ship of each rate. On the abdication 
of King .James,the Royal Navy consisted of 173 ships, 
having a burthen of 101,892 ton-’, mounting 693U guns, 
and earning -12,003 men. 

(21.) The Revolution of 1 OPS, which happily accom¬ 
plished so many important changes, left the code of Naval 
legnlatloiis established by the Commissioners in the pre¬ 
ceding reign unaltered. The actors in that important 
scene wisely loft untouched a system which hud produced 
so many important results. Accordingly, an Act was 
paved m the second year of the reign of William and 
Mary, lor building seventeen ships of 1100 toils each, 
and earning Ml guns; llitce ol lOf»0 tons, and car¬ 
rying 71> guns each ; and ten of 900 tons each, car¬ 
rying (ill guns, making thirty ships in the whole. The 
til st-mentioned ships had three decks, which mode 
of construction continued till the War of 17.'>6. In 
the billowing year money was voted for a Dock-yard 
at I’ll mouth, and also for building additional thy and 
wet docks at Portsmouth. In 1693, with a view of 
treating an abundant stock ol Naval stores, (he sum of 
£*1,926,516 was granted to their Majesties, together 
with £'23, litti for finishing the Naval yard at Plymouth, 
also 1' 1 0 ,<)iis fur building' four bomb-vessels, and £‘68,400 
for cniistiuetiug eight 10-gun ships. About this time, 
vessels i ailed .Machines or lnl'eriials were first employed 
as liie-ships; their inventor is said to have been M. 
Mcesteis. Advice-boats, so called ollieially, are said to 
have been employed lor the litst time in 1692, before 
the Rattle ol I .a Hogue, itt older to gain intelligence 
of wlia! was taking place at Brest. 

(22.) At the accession ol King William, the Roval 
Navy consisted of 173 ships, admeasuring 101.nog 
tons; and at his death it had augmented to 272 ships, 
with a tonnage of 11)9,020 tons, the increase being more 
than onc-half, lxith as to the number and the tonnage 
of ships, 

(23.) Tn the early part of the reign of Queen 
Anne, the Country" was visited by a most desolating 


storm * The Navy suffered a great loss, and the House of c) * )tic(|ir8> 
Commons with the greatest promptitude addressed her . r _^ _ A 
Majesty, desiring her to give immediate directions tor re- 
pairing it, and lor building such “ capital ’ ships as site 
thought tit. Orders were accordingly given to that 
elfcct; but it is somewhat remarkable, observes Mr. Der¬ 
rick, that no money wus directly voted by the House in 
this reign for the building of ships, though in Novem¬ 
ber 170.) a sum was granted for ordnance stores, and 
carriages for eight new ships, built in lieu of part ol 
those lo-t in the great storm. The Navy at tins lime Navy very 
was exceedingly popular, and (he many disasters it met 
with seivcd as a plausible ground for augmenting it. The 
seamen of the Royal Navy were particularly encouraged, 
the utmost care being taken ot the sick and wounded, 
and piize-inoney being speedily paid : regulations which 
came home to the geneious hearts ot the sailors, and 
disput'd them with new ardour in their Country's 
cause. The earnestness of the House ol lairds in 
tin our ol the well-being of the Navy may he gathered 
from the following extrait of an Address ot that body in 
March 1707 : 

“ It is a most undoubted in a rim , that the honour, 
security, and wraith of this Kingdom docs depend upon 
the protection and encouragement of Trade, and the 
improving and right managing its Naval strength. 

Other nations, who were forma ly great and powerful 
at sea, have, hy negligence and mismanagement, lost 
their Trade, and have seen their maritime power en¬ 
tirely rained. Therefore we do in tin: most, earnest 
manner hesenh your Majesty, that the sea affairs may 
always he your first and peculiar care.” 

At the time of the Queen’s death, in 171 1, the Royal 
Navy consisted of 247 ships, hearing 167,219 Ions. 

(24.) In 1715, the year following the accession of I. 

(leorge I., a general survey was made of all the stores Survey of 
in the dillcrcut Dock-yards, which were distributed us 
follows: 


At Deptford.£.‘90,514 

Woolwich. 60,17-1 

Chatham. 186,855 

Shccriu'ss. 33,216 

Portsmouth. 182,076 

Plymouth. 109,833 


Total ... £‘661,728 

Prom 1715 to 1721 inclusive, the sum of£1,052,395 
was voted lor extraordinary tepairs and the rebuilding 
of ships. From 31st of March, 1713, to31stof Decem¬ 
ber, 1721, there were either built or rebuilt thirty-four 
ships of the line, three of which carried 100 guns, aiul 
twenty-five ships of 40 guns and under. In 1719 new 
dimensions were established for several classes of ships. 
The Navy on the w hole declined in this reign in a small 


* This 'Storm vim. !K- most .trcmenilouii ever known in the History 
uMlui World. It hr,; im about the huddle of November, and dill 
not reach its gfisilrsl blight until the morning of the 27th. The 
Ki'djstone l.ighlh'i.so -.as blown dm-n id this time. \ tie nor at 
Vast «as appointed m i n i-i 'inl in e of the storm. Thu Queen issued 
.1 Proclamation, onleiiug tlou all the widows and families of such 
otlicers and seamen as had polished hy the storm in her Majesty’s 
service, should he entitled to her bounty in the. same manner as if 
they hud boon ni'tually killed in battle. Do Foe, the author of 
W.iAii'U'ii Crm„e, was suffering in Newgate at this time, and com¬ 
posed the Sturm, being a colleitiou of the most retnaikahle casual¬ 
ties which happened in this gieut tempest. 
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degree, and at the death of the King consisted of the 
billowing ships : 


h or Claus*. 1 *. 

Guns. 

Number. 

Burthen in Tons. 

1st. 

100 

7 

12,943 

2(1. 

90 

13 

20,123 

3d. 

HO 

16 

21,122 


70 

24 

20,836 

4 th . 

fit) 

18 

16,925 

11 . 

50 

46 

33,929 

Ships of the 

line .. 

. 124 

131,782 

Of 40 guns and under 109 

39,080 



233 

170,862 


Notwithstanding the decrease of number, there is still 
an increase of tonnage, showing that a gradual augmen¬ 
tation of magnitude was insensibly taking place. 

(•25.) George II. ascended the throne in 1728, and 
on the 31st of July of that year, another general survey 
of stores was made in the several Dock-yards, and the 
total amount found to be .£‘636,750. For the last six 
years of the preceding reign, no money was voted for the 
building and repairs of ships, and the same omission took 
place during the first and second years of tins reign. A 
ton years' Peace bad seemed to render any grant un¬ 
necessary. 

(26.) In 1743, the establishment of ships' guns was 
altered by order of the King and Council ;* and in the 
succeeding year all prizes taken by his Majesty’s ships 
were declared by the King’s Proclamation to be the pro¬ 
perty of the captors for the time to come. 

(27.) In 1711 or 1745, general complaints were made 
that our ships were not limit ot sufficient strength, nor 
their guns carried sufficiently high above the water. 
They were also said to lie very crank, ami (Heir weight of 
metal inferior to those of the enemy, vv hose batteries were 
said to be “always open.'' The Lords Commissioners 
of the Admiralty, then*fore, gave directions to the flag 
officers, the Surveyor of the Navy, and the master ship¬ 
wrights of the Dock-yards to prepare a scheme of dimen¬ 
sions and scantlings, ami also a draught fora ship of each 
class; and from these draughts and plans the elements 
then judged to be most correct were deduced. The 


* In the proposition of the lairds Commissioners of the Admiralty 
for the foregoing establishment, they mention that “ since the year 
17.33, lint especially since 1st Jnnuaiy, 1740, the dimensions of 
ships of your Majesty's Navy ltave been much increased. We do 
therefore humbly projiose that the number and nature of guns di¬ 
rected tiy jour Majesty's Order in Council of 31st January, 1733, 
may he established on such ships of your Rojal Navy as have 
been ordered to be limit or rebuilt since 1st January, 1740, or shall 
be hereafter limit or rebuilt, with this exception, that whereas 
the ships of 30 guns are now built of such large dimensions that 
they can conveniently carry 'll guns of 24-pomulrrs upon the lower 
deck, and as many of 12-pmmders upon the upper deck, with 4 
guns of 0-pounders upon the quarterdeck, and '2 guns of 0 -pounders 
upon the forecastle, the same may be established upon them, instead 
of those proposed in the year 1733.” 

lty the draughts established for building ships in 1745, those of 
04 and 58 guns had port-holes for 70 and 00 guns us follows: 

04 to carry 70. a8 to carry 00. 
Lower deck......... 20 24 

Upper deck. 28 20 

Quarterdeck . 12 8 

forecastle. 4 2 


70 00 

These establishments of guns, and the various changes which they 
have undergone in different periods of our Naval History, are well 
worthy of the attention of him who aims at u general and compre¬ 
hensive view of this important subject. 


ships built according to this establishment were found to Naval Ar- 
carry their guns well, and acquired the name of still' chitecture. 
ships; but they were said to be “ fully formed” in their v - —' 
after-part. In the War of 1756 some further improve¬ 
ments in the draughts were made, and also a tin titer 
augmentation of dimensions. The following Table will 
show the progressive additions made to the Navv dtiritw 
this reign ;* 


Date. 


roups ot ine snips ot 40 gm.s 
line. and upwards. 


December 1st, 1730.. 124 114 

January 1st, 1739 . . . 124 104 

June 25th, 1742. 125 146 

December 31st, 1744 . 128 174 

May 26th, 17 IS. 140 199 

January 1st, 1750 . . . 126 150 

January 1st, 1756.. . 142 178 


Total. 

238 

228 

271 

302 

339 

2h2 

320 


(28.) The reign of George Ilf. was destined to sec George III. 
our Naval power rise to unparalleled splendour. At the 
accession of that upright and conscientious Monarch, on 
the 25th of October, 1760, the lloyul Navy consisted of State of the 
127 sail of the line having a burthen of 182,829 tons, Navy, 
and 285 ships ol 50 guns ami upwards, with a tonnage 
of 138,275 tons. In the War of 1762 twenty six sail of 
the line and eighty-two smaller ships and vessels were 
built in the merchants yards. Twenty-four sail of the 
line and twelve smaller ships also were launched in the 
King’s yards between the declaration of War in 1756 
and the piociamatiou of Peace in 1763. According to 
Beatson, Ibrly-two sail of the line, French and Spanish, 
together with sixty-nine vessels of 50 guns and under, 
were either taken or destroyed by the English during 
that War. Of these, twenty-one sad of the line were 
added to our Navy. 

(29.) During this War a resolution was wisely adopted 


* A Naval uniform waa first established in 1748 by Gtorgo II., 
and, according hi .Mr. Lacker, resulted from a Club of sea officers, 
who met every Sunday evening at Will’s Cutlet:-bouse in Scotland 
Yard, for the piirjsixe of watching over thiir rights and privileges; 
ami who determined among other matters, “ that a nnitorm dress 
was useful and necessary fur the commissioned officers, agreeable 
to the practice of other nations. A Committee was hence appointed 
to wail upon the Duke of Bedford and the Admiralty, ami ask, if 
their Lordships approve, that they will be pleased to introduce it tu 
liis Majesty.” 

When it was determined to establish the uniform, Mr. Forbes, 
then Admii.il of the Fleet, was summoned to attend the Duke of 
Bedford, and being introduced into un apartment surrounded with 
various dresses, Ins opinion was asked as to the most nppiopriate. 
The Admiral said, red and blue, or blue and red, ns these are our itn- 
timial eolours. 11 No,” replied his Grace ; “ the King has determined 
otherwise. For having seen wiy Duchess riding in the l’ark a few 
days ago, in a habit of blue faced with white, the iliess took tha 
fancy of lus Majesty, who has appointed it for the uniform of tho 
Royal Navy." 

Before 1748, Mr. Locker remarks, “every man dressed as 
seemed good in his own ejes. Some ot the crack Captains carried 
it so far as to have a special uniform for their own slujis. My lata 
gallant fattier, who wont to sea in 1740, used to tell us, that V aptain 
Windham, and nil the officers of the Kent of 70 guns, in which ho 
embarked, wore grey und silver, faced with seiiilet! Such foj'jmv, 
however, at that period, was not unfreipieiitly comlniiod with 
check shuts and petticoat trowsers." 

“ In the Halt at Greenwich limy he seen,” continues Mr. Locker, 
“every variety of cut sml complexion of diess. Nottingham, Ra¬ 
leigh, mid Toningtmi expand their diguities in courtly costume 
Lawson, Harman, and Monk frown in lmtf belts ami jeikins. 
Sandwich, Munden, and Benlmw shino forth in armour; whilo 
Rooke, and Russell, and Sliovell, the heroes of a softer Age, art) 
clothed in crimson and Lincoln green, surmounted with the Mowing 
wig, which then distinguished ulikc tho men of the lobe and of the 
sword,” 
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N.ivnl Ar of not building any more 80-gun ships with three decks, 
cliitrcture. or any 70 or 60-gun ships. Slops ot 7 ! and 01 trims on 
s-—-r—' two (leeks were liuilt instead of those of 80 {runs, and 
Ne» m. do 50-gnn ships with a roundhouse, tortile accommodation 
•>t () f oflieers in time of Peace, instead of ships of 

CO nuns. The first 74 and 64-gun ships that were 
limit proved too small for their weight of metal, hut 
those constructed towards the latter part of the War 
were ol larger dimensions. In I7(i(i very great improve¬ 
ments were made in Ply month and Portsmouth Dock¬ 
yards. 


Zi-hIihis 
. Hints nf 
tl’e (mrt 
nf Dircv- 
tnrs. 


<! eat 
plover ul 
N.iv; nt 
this hint 


Dimensions 
of ships in¬ 
creased. 


CIO.) In the armament which took place in 1770, in 
consequence of the dispute with Spain respecting the 
Falkland Islands, u large proportion of the ships ordered 
to lie fitted for sea weie lound very defective; and 
had a War of long continuance taken place, the most 
serious cnnseipietiees might have ensued. An insufficient 
tnimlier of shipwrights in the Doek-vards, together with 
an iinpiopiT lumlatioii ol their winking hours, seemed 
to have been the cause. 

(Ml.) At the eiimnieneement of the Amcriiao War in 
177.1, we had I Ml ship'- of the line and till 0 vessels of 
50 guns and under. The Navy was augmented with 
every possible lapidity, particularly with frigates, sloops, 
and other small vcs-els. 

(Mi.) In 1770, the Court of Directors of the East India 
Company passed a resolution to present three ships of 
7 I guns to the Crown.* The Naval force continued to 
receive very rapid augmentations,as well by captures from 
the enemy as hy building. Noexeitions, indeed, it lias 
been remarked, could possibly be deemed extravagant, 
when the activity of our enemies was considered.f 
The supplies voted by Pailinmeut very far exceeded 
those of any funner period. At the signing of the Pre¬ 
liminaries of Peace in 17SM, there were 174 ships of the 
line, and vessels of 56 guns and under amounting to 4 13, 
the. total tonnage being 81)0,781 tons. Thus it appears, 
that the Navy at this peiind exceeded what it was at the 
end ol the War in 1762 by thirty-three sail of the line, 
having a tonnage of 71,070 Ions, and of other vessels hy 
1 .Vi, with a tonnage of 8(1,40,1; making a total increase of 
185 slops, anil a total augmentation of tonnage amount¬ 
ing to 157,-175 tons. The Picneli, Spanish, and Dutch 
ships taken or destroyed hy the English in the course of 
this War amounted to twenty-six sail of the line, and 
sixty-one vessels of 54 guns and under, besides sloops 
and vessels of other kinds. 

(M3.) During this War, almost every class of ships of 
44 guns and under was considerably increased in dimen¬ 
sions, when any new ones were ordered to be limit; and 


* We are no fncadx to the privateering system, regarding it as 
little better than a licensed system nf plunder and fraud, but it 
would he ntipropi r to omit m an historical account like the present, 
a notice Ilf thei-itranrdinaiy exertions made liy the traders ol I.ivet- 
jiool til this poiiod According to Mr. Cnalinvis, (see Ins /Cshumle 
of the 1 '(o/i/io/oUrr Stn'oi/t/i nf flirnt llntunt ,; did pert atone 
lifted out, at the beginning of the War with France, between the 
glith of July, 177s, and the 17th of April m the full-ming yenr, 
120 privateers, each armed with hum HI to 40 guns, but mostly 
with from 14 to 20, From an accurate list, containing the name 
ami appointment of ench vessel, it appears that those privateers 
measured .'10 7ft7 tons, carrying l!)Sti tans, and S7 >4 men. 

f The War with Spain commenced iu 17711. and with Holland in 
1780. In August, 1770, the combined lleets of 1'iancc and Spain, 
consisting of sixty-six sail of the line, besides frigates, \c. entered 
the Channel, and appeared <>lf Plymouth. Tins formidable fleet 
was a proof of tha immense activity of our enemies m augmenting 
their Naval force during the Peace, anil particularly re when vie 
consider their losses during the preceding War. 


nt the latter end of 1778, the greatest part of the second- Naval Ar- 
rates were established with eight additional guns for chitecturs. 
their quarterdecks, thereby making them 98-gun ships. ^ ^ 

(34.) lit June 1783, several masters in the Navy Ships in 
were appointed to superintend the state of the ships in or,1 "'“ r )'- 
ordinarv at Chatham, Sheerness, Portsmouth, and Ply¬ 
mouth. In the following year, the Navy Board wisely 
ordered that every individual ship built or put into good 
condition, should in future have a large proportion of 
the principal parts of her furniture and stores in readi¬ 
ness, and duly arranged in store tor her, so that the re¬ 
mainder might not require more time to provide than the 
iti-ees, ii period lor her equipment would admit, however 
siioit that time might be. In addition to this important 
regulation, another originated with Lord Barham, of 
creating an establishment of stoics of a great variety 
of kinds, as general magazines tit each Dock-yard, and 
also at the other Naval stations, both at home and 
abroad. This arrangement resulted probably from the 
difficulties experienced m piocuring some articles, and 
the high prices paid lor others during the War ; and the 
same, doubtless, must have been the ease, in a greater or 
less degree, in most of the preceding Wars. Since 
that time the advantages of the plan have been abun¬ 
dantly proved. The following Table furnishes an ac¬ 
count of the value of the principal articles iu store at 
'•be several Dock-yards on the 31st ol December, 171)2 


Un.i(i|iri>|niated. 
Deptford . . £‘180.388 
Woolwich . 164,106 

Chatham . . 213,305 
Sheet ness . 50,699 

Portsmouth 317,414 
Plymouth . 326,880 

Total .£ 1/2533)92 


MV..!. 
£' 218.538 
I sy.5ji; 
37 8,304 
7 1,807 
448.624 
506,139 

£'359,890 £*1,812.982 


Appiopriatcil. 

.£‘38,170 
25,1 1 1 
JG 1,999 
21,108 
131,210 
179,259 


On January 1st, 1802, three mouths after the signing 
of the Preliminaries of Peace, the unappropriated stores 
remaining- in the magazines til the several Dock-yards 


were as lollows : 

Deptford..£‘308.093 

Woolwich. 600,656 

Chatham. -123,1*97 

•Shuerncss. 99,100 

Portsmouth . 567,243 

Plymouth. 611,819 

Total. £2,610,908 


On comparing the value of the stores in the .several 
Dock-yards at dilfcieutr periods, it will appear, that the 
magazines have been increased in a greater ratio than 
the ships, great as the increase in the latter lias been. 

The confederacy among the Noi'ihein Powers, and the 
embargo iti the Russian ports, iu November ISOO, 
would have been attended vvitli the most serious conse¬ 
quences, had not the magazines been previously well 
stored. This instance alone proves the wisdom of the 
plan. Old ships were selected in this year, and after¬ 
wards litteil for the reception of ships' companies and 
stores, during' :hc time ships were in dock milting. Pre¬ 
viously to thi., arrangment, serviceable ships, not in 
good condition, were made use of for the purpose, which 
did them considerable injury. These were denominated 
Receiving ships. 

(3b.) Task work was introduced into the Dock-yards T.mk and 
in 1775, uud job work in 1784. The former of these J l,lj wurk - 
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Naval Ar- terms applies to new work, and the lutter to repairs or 
ehitertuie. old work. These plans were adopted in order to accele¬ 
rate the work in the Dock-yards, and particularly with 
, ' ,s I’«itf regard to the shipwrights. When task work was first 
I' ctmg introduced, notwithstanding the plan appeared very ad- 
vuntageous to the workmen, it was resisted by the ship¬ 
wrights; and the reason assigned was that when any 
piece of timber proved defective or unfit for use, after 
having been fashioned to its intended shape, no compen¬ 
sation was provided for the workmanship performed. 
It was at length directed that the workmen should be 
paid a daily rate of wages for the time that might be lost 
in the conversion of unsound materials, and in the per¬ 
formance of some extra wmks ; it was likewise ordered 
that they should have assistance in the heavy work of 
getting in the beams. Notwithstanding these conces¬ 
sions, the shipwrights persisted iu their refusal to work 
by task until the year 1788, when it is said to have 
been adopted at their own solicitation. Equal reluctance 
was displayed by the men in adopting job work, but it 
was finally carried into effect in the same year as piece 
work. The first ship repaired by job in Plymouth yard 
was the Gibraltar of SO guns. 

Mig.izines. (36 ) In 1787, it was directed that ships lying up in 
gnod condition should have the works of their magazines 
and store-rooms completed, iu older to lie the sooner 
liu-*iri ready for sea. In 17!)0, two ships of 110 guns each 
slips limit. wm . ordered to lie built, of the burthen of tons. 

These ships were to have 32-pounders on their mam 
decks. 

V’iviiv ii (37.) To give an idea of the prodigious activity which 


The following Table will show the progressive in- Naval Ar 
crease ol ships of the line, and ol ships ot aO lms (hitaetuie. 
under: r 


' ir Dock- prevailed iii our Dm k-yarils, when the circumstances of 
o'' iV m l l * u ’ l'' 1 ' 0111 '* 1 Revolution compelled us to arm, it may 
1 U he stated that on the 1st of December, 1792, there were 
only twelve line ol battle ship*, in actual commission as 
fighting ships, but by the 1st of September, 1793, that 
number was augmented to seventy-two.In like man¬ 
ner, at the former period, there were only thirty ships 
from 50 to 20 guns each in commission ; but at the latter, 
this number was increased to 104. It was remarked, 
that no delay arose for want of stores, iu consequence 
of the important measures adopted at the end of the 
War iu 17S3 

ii.i,o!an- (38.) In 1793, two very important improvements 
mg 1 1' took place, viz. the lengthening of ships very coil- 
•' !, T s - siderably ;+ and the giving l-t-gun frigates, and those 
Incuslong down to 33 guns, four, instead of three-inch bot- 
!!i"thcn- Sb t0lns ’ 3'he object of the first change was with a view 

U, tUin. ot making them sail better; and of the second, to enable 

1{( them to resist with greater effect any hearing on the 

prmvmcnt P TOUIul - At this time, it is said, there was scarcely a 

rwls of class of ship or vessel whose plan of construction was 
.ill lv.n.K-. not improved. 

Shh s -,f (3!>.) In 1794, (lie Caledonia of 120 guns, and 2602 

ijii'i'ims Ions burthen, was ordered to ho built, and to carry 32- 
1 ,‘h. pounders on her main deck. This ship seems to have 
communicated an impulse to ship-building; she was built 
by Sir William Rule. 

V. cm'uta- J' 1 1797, seamen’s wages were raised ns follows: 

£. t. if A.', ». d. 

Able from . ...I 4 0 to 1 9 ti per mouth 

Ordinary'.0 19 0 to 1 3 6 

Landsmen, (a new class) .126 

* Ot them*, two were of 110 guns, five of 100 guim, twenty-one 
°f 9ft ‘"id y 0 guns. The total tonnage of shins of the line wan 
1 Hi tmis. 

1 The finin', a Ml gun ship, was taken inlo dock at Portsmouth, 
as 4 tiMgihini'il 17 f«t. 


I t .I.*! Ill'll- 
ini; • f 

MDjlS. 


ol their 
iuiitiiillS. 

in 


Siiij-s ‘-f 
I J• * tji:l«s 

1 all:. 


V'.iT'H'iita- 


Ships of the line. 

Of 56 guns and under. 


4an. 1. Jan. I. Jan, 1. Oct. 1 
I'-Oj. 1707. 1799. lsiM. 

115 161 17(i lhtl 

451 530 027 (isl 


Thus the number of ships and vessels at the eon- (inatm. 
elusion ofthe War iu October I SI) l, exceeded tin- num¬ 
ber at the close of the War iu 1783 liy 217 sail On Hie mmilior 
the 1st of August, 1799, the number of ships of the 
hue iu commission amounted to 151, which was the 
maximum at unv part of the War. Of the ship- he- si„[ a,* 
longing to the enemy, and taken or dc liovetl by tin- ,1,l "4 bo 
English in the course of the War, thole were ofthe line " 
and down to 54 guns inclusive, 86; of 50 gnus 3; 
ol frigates 296; and of sloops and small vessels 275; 
making u grand total of 579. The English ships taken 
or destroyed by the enemy, were of the line to 54 guns 
inclusive, of ol) guns, 1; of (ligates 12; and of 
sloops and .small vessels 41 ; making n total of 59. The 
conquests of the English were therefore nearly as ten 
to one when compared with those of the enemy . 

(49.) In 1803, the Country was called on (o renew a Keneu nl of 
War which, if it had been tremendous before, was now ,hl ’ "" 
calculated to unfold witli redoubled tumors its awful IN °' 1 ' 
and desolating effects. On the 15th of ,Mav, the Royal w " ml 
Navy consisted of 177 slops of the line, ami of 56 guns m 
ami under 593, making a total ol 779. On the 1st of ami Iso.v. 
January 1805, the total amount was 619; amt on the 
1st o! October of the same year there wore in commis¬ 
sion o| the line and to 51 guns inclusive, 121 sail ; of 
frigates loK, and sloops, including hired armed ships 
and vessels, 410; making a grand total ot 698. It 
was, in teed, a season ofthe most extianrdmary aitivity, t n 1 1 ^ .Vm- 
aml tile most remarkable emngics were called into mi-.sma. 
action. From 180s to lsl3 there were seldom less 
than from 1(19 to 196 sail of the line, from I SO-to 10(1 
frigates, upwards ol 209 sloops, besides bombs, gun- 
brigs, cutteis. .schooners, Ac. iu active seivice. To this «»■*■.»* mini, 
enormous service were to be added another 50(1 sail m |,,r "* 
ordinary, employed ns prison, hospital, and receiving !“| 
ships, all performing offices tending to make our Naval 
arm more powerful and efficient. Tims a thousand 
pendants floated proudly iu (lie wind, the united bur¬ 
then of the whole amounting to 800,090 or 990,900 
tons. Our wide and extended commerce supplied 
an nbundauce of prime seamen, ami the pcrpemal 
activity of our public and private yards s -rveil to 
keep every part of (his gigantic machine iu the most 
jierlect order. A glorious succession of brilliant vie liniii.mt 
lories placed the Naval supremacy of the (.’onnlrv on risulix. 
the most transcendent height; and so well was tins 
superiority maintained, that at the close of the most 
awful and sanguinary War which History had ever 
roeoiricd, the accumulated Navies of the whole World 
bore but a small proportion to ours. 

(41.) These great and transcendent exertions were Untm- ir 
aided by corresponding energies on shore. An entire J!"'j'd"! " f 
renovation of the Civil departments of the Navy, and of ,, ( l .' |i il( iw 
the mechanical labour ill flic Dock-yards, served to iiilit'-c ,,f 
new life into a system, which, with even all its vneigics, tin; Navy, 
had become impaired by corrupt systems of manage* 
meut. The period from 1893 marks, indeed, a new 
era in our existence as a Naval people. The Eail ot 
St. Vincent, who had renden-d so great services to his 
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Country by the victory obtained near the Cape which 
a\e to him his glorious title, not only had the merit of 
training up a body of first-rate seamen, and introducing 
the most elfet live modes of discipline nt sea, but he also 
directed his keen and scrutinizing eye into the Dock¬ 
yards at home and abroad. It was evident to every 
Naval man, that there was an extravagant expenditure 
and an improper mode of conducting the public business 
in these great establishments; but it required a mind of 
a fearless cast and of great and comprehensive powers to 
grapple with its multiplied details. Such a man was 
Lord St. Vincent/ Commissioners were appointed to 
impure into onr great Naval establishments; and these 
able men | entered on their important task with a 
boldness ami decision which at once removed every 
suspicion ol partiality, and neutralized every claim of 
private friendship. They acted as public men ought at 
all times to act, with no other object in \ievv than the 
public good. 

(1*2.) The different Reports of the Commissioners 
related to the Naval Dock-)aids abroad, which it had 
been long suspected were nurseries of ext rax ogance and 
fraud ; to the peculations practised on those splendid 
foundations of charily which the piety and patriotism 
ol former Ages had established for the relief of our 
gallant seamen ; to the supply of blocks for the Navy ; 
to the coopers contract; to the subject of prize agency ; 
to the Sixpenny Office; to the frauds in labour at 
our Dim k-yards ,\ and to the reporting ships as sound 


* Tin* Wiiier of this Essay, living in the iieighlumrhoml of a 
Naval arsvii.il, wIh-ii (pule a boy, reinciiiliers well ilie deep tone of 
indignation manifested by almost every one cornu cted with onr 
Dock )aids, when diene important and necessary inquiries were 
hegiin. 

-j The Commissioners were, Vice-Admiial Sir Charles M. Pole, 
Hail, Kwhii f.iw, K*».p, John Ford, K\q.. Captain Henry Nicholls, 
i< N , and \\ illmm Mack worth Pr;u;d, Ksq. 

J Much of our successful advancement in the mechanical aits 
revdxes itseif into a question of wages. It appears that in our 
Dock \ .u d*, the daily pay of the artificers, when first established in 
the. XV11th Ceidmy, must have been very consideiaUe tortile 
tunes The setiled change m the expense and inode of hxiiig, how- 
ivei. had minced that pay bi-low what was necessary for their sup- 
poit, and had lenuned every ohjvetion to an increase, arising from 
an evpcetalion of a return to the former state of things. When a 
rate of pay becomes insufficient from causes of a sudden and extra¬ 
ordinary nature, tempoiur) means may Iki resorted to; hut when 
the cause is permanent, temporizing cxjicdiciits, so far from being 
useful, generally end in conceding to liupuitunity more than, if 
gianied at a proper tune, would have been gratefully received. It 
appears liom the history of our Dock-yards that many extraordinary 
anomalies have existed in this important puiticular at different 
turns Previous to 17JM, the shipwrights were limited in their 
cuiniugs to -s. a day in Winter, mid J# hi in Summer, //re 
tune of thru' bruuj employed briny, in both eases , the rummnn /murt 
•f ike i/nrit in 179.1, on the contrary, their earnings were limited, 
both tor Summer and Winter, to the constant sum of 4*. *2r/, 
p»*r da), the time when they were employed being increased, by 
ilieu being icqutred to wink their diimer-tinie, by which an hour 
and a half additional 1 ibour was obtained. Hut the common hours 
of wink in Winter L«*ing fewer than those in Summer, the pay 
should nut have been the same in both seasons In 1794, the 
Mime limit ut earnings was continued, hut the additional hour anil 
a half was conceded. This gave an increase of 1 ILL a day in 
Summer, and It r i^*/ ii day in Winter, beyond the. limit of prices 
prior to 179J One of the inferences dedueible from these absurd 
arrangement n is, that the woikmcn must have been considered as 
capable of coining, by the same exertions, as much in a less time 
ns m a greater. The Commissioners lemnrk, “ that the men could 
mill he made to appear to have earned their full stint in these 
unequal tunes of labour, by falsifying the Accounts; or, ns the 
officers wen* left to propose such prices as they might think tit, by 
their increasing the valuation of the different articles in the same 
proportion as the Navy Board increased the rote of working, or 


that were unsound ;* to our Naval Hospitals; to the Naval Ar- 
Victualling depart merit; lo the receipt and expenditure chitccture. 
of stores ; to the Treasurer of the Navy, which led to v 
the resignation and impeachment of Lord Melville ; to 
the issue of Navy bills, and to the purchase of hemp, 
masts, and fir, for the use of the Navy. All these 
Reports reflect the greatest honour on their distinguished 
authors. It required no little perseverance, no little 
fortitude to pursue in all their detail the great ques¬ 
tions which they embraced. Wrapped up in official 
forms, concealed in all the mystery which men inter¬ 
ested in perpetuating frauds know so well how to 
assume, it required a keen and penetrating eye to de¬ 
tort the evils which a long continuance ol bud govern¬ 
ment had introduced. It was, indeed, time to look into 
our public departments, and when the service of the 
Country required so enormous an expenditure, to see 
that it was properly applied. Tlieie is a natural tend¬ 
ency in every tiling human to become corrupt; and it 
is the part of a wise and good Government, by rigid and 
wholesome checks, to endeavour by every means to 
prevent it. According to Dr. Colquhoun, the different Immense 
Naval charges during the reign of George III. •' I "“ vul 
ninounled to £ 11 It, (i41,s0:>. What a field for peeula- 
tion and fraud must this enormous sum have afforded ! rtigiw.f- 
In the single year 1S1M, there was expended for Naval George III. 
purposes alone. .1*21,212,011 sterling. 

(13.) It may be proper to remark with regard to Imperfect 
those Reports which re’ate more particularly to the mshuctums 
Dock-yards, that many abuses doubtless arose liom ipsuotl to 
the impelled regulations and the heterogeneous orders 111 , 01 ** 
from time lo time issued to the officers of the different 3 
yards The regulations addressed to tile officers in the 
XV 11 th Century, may have been, anil probably were, 
suitable to tlie then confined state of the Navy; hut as 
the Navy increased, additional instructions were framed 
to suit its new and more enlarged conditions. These 


stint of earnings." live ca«e of the Antelope of 50 nuns, built at 
Kheeriioxs at this time, afforded a practical example of tlie Until of 
this position. On a comparison of the expense attending the per¬ 
formance of die vvoiks liy job, with the sums winch would have 
been allowed if the same works had been peifoimcd by task, there 
appeals to have been an excess mam the mtides performed by job 
of nearly one half. 

* Everyone knows the unfurl unate catastrophe that hcfell the 
excellent and worthy Flinders. Having entered, as he informs us, 
the great Gulf of Carpentaria, amt smveyed all the projecting 
rapes, creeks, hays, and islands of its Eastern side, it became neces¬ 
sary to calk the ship, when to his great mortification,—and to an 
ardent mind like his, what mart ilicatiuucould lie greater ?—the officers 
reported tier to lie in such a luttcn stale as to lie wholly unfit to en¬ 
counter laid weather, and that should she get on shore under any 
unfavourable circumstances, she must immediately go to pieces; 
that she was too far gone to hear heaving down on nny account; 
but that in fine weather, nod barring accident, she might run six 
months longer. Flinders however detei mined to complete the sur¬ 
vey of tlietiulf, and at the end of three months, he was compelled 
to make another examination of his vessel at Fort Jackson. Here 
the Investigator was found to he so excessively rotten, that she was 
reported not worth repairing in any Country, and impossible, in 
this Country, to he put in a state fit for going to sea.” She was, 
thcretore, condemned and sold. 

Who, knowing the sufferings and indignities Flinders afterwards 
endured at Port Louis, but will place them to the account of the 
careless and -gnorant officers wlio surveyed the “ North Country 
built sln,i of 3d I tons" in which he sailed? The Governor, lhj 
Caen, treated turn as an impostor and a spy ; seined all his bonks, 
papers, and clouts; placed him in a miserable chandler containing 
only a truckle bed without curtains, a small table, am) a nish-bo’t- 
tomed chair, with a grenadier in the room to watch over him. In 
this miserable way this viituons and excellent officer remained a 
close prisoner for nearly four months. 
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Naval Ar- were often found to be contradictory, and in many in- 
cliitecture. stances the regulations of the different yards disagreed. 

* Earl Howe and Sir Charles Middleton, when they pre¬ 
sided at the Admiralty and Navy Hoards saw the ne¬ 
cessity of revising and digesting these orders, and the 
latter hud marie some progress in so useful a work 
when ho quitted office. Hence the Commissioners re¬ 
commended that no time should he lost in reviewing 
what had been done, in order that the Civil departments 
of the Navy might, in future, be conducted with order, 
regularity, and economy. 

(4-1.) The depriving, by successive, regulations, the 
master shipwrights, their assistants, the foremen, and 
tin* master ** le quarlcritien of the privilege of taking apprentices, 
shipwrights, soon led to some remarkable results. Parents no longer 
&.-.<>ftuking thought of sending sons to the Dock-yards who had 
apprentices. received anv tincture of a liberal education, since the 
only persons they could he bound to in order to learn 
the practice of ship-building were the working ship¬ 
wrights ; and even some regulations were made respect¬ 
ing the privilege these inen eujojed, which had a tend¬ 
ency to lessen the attention they might he expected to 
give to instruction. The natural result hence followed, 
that only the very lowest class of the people, and those 
least likely to have received any education, were induced 
to enter the Dock-yards. In such a state of things it 
was hardly to be imagined the superior officers of the 
yard would feel any interest in the advancement of 
young men. Accordingly we find in the Report of 
Naval Revision, “ that not one of the apprentices en¬ 
tered in this way had been brought into the mould 
lolls,*' where the drawings for ships are executed, and 
where something like an approach to the principles of 
the Art might be attained. The reason assigned was, 
none of the apprentices could be found ot suitable 
education;* so that being without the means of im¬ 
provement in the Dock-yards, they could not but 
remain in the same state of ignorance as when their 
apprenticeship began. It cau scarcely be neces¬ 
sary to add,” continue the Commissioners, “ that un¬ 
less this part of the present system shall be altered, 
even good working shipwrights will hardly be found in 
our Dock-yards; and it would be vain to expect order 
and regularity in the conduct of the business, accuracy 
iu the accounts, or professional skill in those who must, 
at no great distance of time, come, of course, to be 
intrusted w'th the management of every thing respecting 
the construction of the ships by which this Country is 
to be defended.” Supposing this course to have been 
peisistcd iu, it could not but have led to the most disas¬ 
trous results ; it was, iu fuct, cutting up the very roots 
of our Naval greatness. “ In looking fin ward,” say 
the Commissioners, " unless some means be taken for 


* These are the official words of the Report. We cannot hut 
observe, however, that prejudice nwsl have had some share, perhaps 
u large share, in this opinion. It can hardly he supposed hut that 
amung the mass of apprentices in our lluck-yards, some might have 
been found worthy of the distinction of enteiing a mould loft. 
“ Genius,” says Washington Irving, “ delights in hatching her 
oifspring in by-places;” but it requires the eye of genius fre¬ 
quently to discover it. Had the experiment been tried of a public 
competition, alter suitable notice, mnong these uneducated y unths, 
there can lie little doubt but many would have been found cupatilu 
of promoting their own intellectual advancement. The great pim- 
ciple of competition reinuins to he tried iu our public departments. 
The advantages resulting from such a state ot things would be 
immense. At the moment at which we are writing this Nuto 
nothing but a dull anil meluncboly depression is to be met with ill 
tile walking departments of our Dockyards. 
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the improvement of the education of apprentices, we X„, ,1 \ r 
must not expect a succession of officers or artificers ehu-amv. 

equal to those now in the Dock-yards.” > ,- n _, 

(15.) Tins important Report led lotlieestiililisl.ine.it Establish 
of the School ot Naval Architecture at Portsmouth m mem of 
1811. It was conceived liy the Commissioners that bv s *' 1,uul ,,f 
training up a race of men devoted to Naval Arcin'- chltedurV 
teel tire, both in its theory and practice, under the eye of 1 '* 

an able Mathematician, important results might liurly be 
anticipated ; and the Government,entering with earnest¬ 
ness and liberality into their views, endeavoured, by 
every imaginable means, to promote them. The Jour¬ 
nals of the day announced that the whole was open to 
competition. At the head of the Institution was placed 
the Rev. Dr. Inman, a learned Mathematician, who, iu 
his early .days, had obtained the highest honours at 
Cambridge, and evinced on eminent capability of con¬ 
ducting an undertaking of this kind. Dining the seven 
years the students remained at the establishment they 
were called upon to pursue the study of Geometry in 
an enlarged way, to carry its beautiful and refuted prin¬ 
ciples into Natural Philosophy, and to enter on the 
Dillcrcntiiil and Integral Calculus. The theory of 
Naval Architecture was diligently studied, some of the 
best Continental writcis on the subject being diligently 
read. At the same time the practice of the Art was 
entered on, and the young incu were taught the laying 
oil* of ships, and how to prepare every necessary drawing. 

An excellent practical shipwright (Mr. Eiiichatn) in¬ 
structed them iu all the details of labour at the dock- 
side ; and the ad/e and the saw were required to lie 
worked with the ardour and spirit of the humblest 
operative. The object was to make them good theo¬ 
retical and practical shipwrights, and the Country has 
a right to expect that they should be so. Of the stu¬ 
dents admitted at the different public examinations from 
1811 to 18:12, some have retired from the service, some 
have died, and twenty-six remain, three of whom have 
become builders' assistants, others are foremen in the 
ilillercnt Dock-yards, and seven remained unprovided 
for in 1833.* 


• IVo throw into a note a brief notice of the Orilunnance of 
Charles X. of Trance, dated 28th March, lH.'lt), relative to tho 
organization ef the ltoyal corps of Naval engineers. {(Sime Mart- 
hmc.) It is to consist of the following 


One inspector-general..... 

flit Brest, Toulon, J 


uml itoclifoit. 


Franc*. 

each 15,(J00. 
8000. 


7000 

5000 

4000 

3000 

2400 

2000 


Five directors of Nuvall 

constructions.j at Cherhourgund 1 

l I-oricnt.J 

Ten engineers of the first class. 

Twelve engineers of the second class. 

Twelve Mib-engtucere of the first class .... 

Twelve sub-engineers of the second class .. 

Five sub-engineers of the thiid class. 

in all 57 ; and of a number of cudels, to he regulated according to 
the demands of thu service, each to receive annually 1200 francs. 

These cadets are to l>e tuken from among those students of tho 
Polytechnic School who are declurcd worthy of admission into the 
public services. They ure then to pursue fur two years at the Port 
of L’Orient, (under the direction of an engineer of tile first or second 
class, to bo nominated by the Minister of Marine,) a complete course 
of tho application of thsoty to Naval Architecture; to even isu 
themselves in making drawings of ships of war, and in the details 
uf their masting, sails, fittings, and equipment; to make calcula¬ 
tions of displacement, of stability, of the centre of gravity, and nil 
others relative to thu theory of Naval Architecture; to nivcstig.ito 
the nature of steam-engines und all other machines winch may be 
useful either in the arsenals, or oil hourd ships of wai; to design 
uruumental work, anil to study the English Language. 

At the expiration of two years, the cadets will he subjected to 
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\u.ii Vi- (40.) Il must not he omitted In closing this very 
brief review of ilic eventful roll'll of(icorgc 11 that we 
' owe to tlif liberal views of Kail Spencer, who at one 
,Vli.tiil.i|'i-s time pre-ided at the Vlmirally, the devotion of the 
n suiting real talent', of Kenthani, Htmicl, and Burrallicr to the 
public service. That distinguished Nobleman cnenu- 
'iTi'.'iit sf rased these eminent men to undertake works most 

smli men is beneficial to the Navy. Before this period, while steam- 
Hmml ,it engines and other powerful machines were abundantly 
M itiiMis' 11 :, l , l , 4 ,< -‘*4 ■" ah onr manufactories, by a singular fatality 
they had been wholly neglected in onr Dock-yards 
Instead of our Naval establishments being schools ot 
practical science, and affording the most peifeet patterns 
of lneehauical skill, a dark and imperfect system pre¬ 
vailed of employing only the unaided strength of men 
and horses. Steam, with all its multiplied applications 
and powers, was entirely unknown, and docks vveie 
pumped, and the heaviest weights raised bv mete annual 
stiength. Such men as Brunei cannot 1ml impait new 
light anil intelligence wherever they appear. Horn to 
invent and command, they aie destined at every step to 
add new trophies to the intellectual dominion ot Man. 
Matter assumes new forms, and with the wand of a 
magician, they seem to rule the elements with it. 
Hence the unrivalled lilnek-niaeliincry at Portsmouth, 
exhibiting the most perfect mechanical refinements, and 
challenging the admiiation of the whole world. Had 
other men, possessing only perhaps a small portion of 
Bruncls transcendent powers, been encouraged to turn 
their attention more particularly to Naval Architecture, 
who could estimate the tiiuiuphs that might have ac¬ 
companied them V It is impossible lor a mind accus¬ 
tomed fo I lie higher walks of human thought, to descend 
to a lower walk of inquiry, without the latter receiving 
some benefit from the power thus applied to it. At. this 

ail examination in the various bvaiu'hi'S of iiistiortion they have 
Tei'eiveil. Those who are ijouLitieil me inooeiliatelv' to receive the 
iigpumtiiictit of hub-engineers oi‘ the Ihini el.iss, their seniority of 
lank lieuig lived liy the lesults of the examination. The suh- 
cngmceis ot tin- first ami second classes ranted he giemoted to the 
first class until they have made a voyage of at least one year, 
tsjieeitie rules also are hud down respecting the employ molds of these 
mih eugmccih when on hluplni.ud ; these are the details of 'towage, 
the atraugement and efleets of the mean- employed in moling the 
top masts, top-gallant mast and yards, and also in foiling mil im- 
lurling tlie s.els. on the limiting of anchors, on the iHeels which 
the shoelvs ot ivnii.s anil Hie inolions of pilelimg amt rolling haw* 
no the eomhinntioii of Hie various parts id' the struduie: and, 
generally, on eiery suh|eet relative to N.n.it eonstiui'tion. They' 
shall keep vv aleli on ilrtjt with (he must e'peneneed uHieer on 
hoard liavmg charge of a wall'll. 

flic following fable of comparative rank is worthy of attentive 
cniLsldcintum. 


‘Tn’.Vios'^ Iinieers .iffue Niiev ,W ".' .. 

■ 11..1111 • 1 *. - Ill-Il.tllOU. 

liisjtoctm £i*m*r.tl. ItiMi-ailmirul. 

| After tin* Ui’.ir-A 

Dim lor ol Naval J .ulmir.ils and I (\nmni*.Mirv-gi’- 
i 'oiisliuct ions. ) m ral. 

' I'iipt.uiis. J 


Ofluvrs of I’m* Nnvy 


Kii^motr, lht class. 


Ditto. 2d class. 


SuWnjjiiU'ei, I'd | 


( l \»st -ca i >t a i n(( a-1 .. 

, i I l oniimssii 

latauicdcvaiS' > 

‘scant | 

I Commander (C.i- 
\ jut a hu* dc fie- 
I LMtc.4 


onmussary t»f the 


class. 

Ditto, 2d chisi*. 
Ditto, 3<1 cl iss. 
Cadet. 


j Lu-iiteuant. • 

| Mate. (KuM’i^ne 


I Sid)-commissary, 

1st i lass. 

Ditto. 2d class. 


I M.ite. (iMis**i£m»i 
( do\aisseau .) 1 l*nncijiat clerks. 


Midshipman. 


Uniforms an* csiaMelicd lor flu* cimmccrs 


inoineiit we fear the amount of really active practical Naval Vr- 
Scicnoc in our Dock-yards is but small.' chitectmes 

(17.) Our limits will not permit us to give an ac- 
count of many important particulars relating to the Ge01 K u IV * 
Navv and Naval improvement which occurred during 
the closing years of (lie reign of (ieorge III., and 
that ol (ieorge IV. The Pence brought with it the 
repose so much desired ; and public men as well as 
puvnle individuals, no longer having their minds ex¬ 
cit'd by the fcveiish niiMc'.u-s of War, had leisure to 
(him their thoughts to many objects of great importance 
toour m.iiilune power. Hcneo many salutary regula¬ 
tions, and the adoption of many important changes, 
which time lm« proved to be beneficial, and which il. 
must he our dcsiic to see further perfected and improved. 

We may refer in this way in terms of the strongest 
cnmmcndntiim to the labours of Sir Robert Seppings, Improve, 
which will he pntlicularly elueidattd in other chapters.'“‘ots of 
The labours of that eminent man, and the immense 
benefits he ronfeired on our marine, can never be for- ;l nil'utliers. 
gotten, either by the lover of mechanical improvement 
or the lover of his Country, 'flic introduction of chain 
cables by Captain Brown has deprived u lee-shore of 
many of its terrors. Iron tanks, by augmenting the 
supply of Ircsli water, have contributed very greatly 
to the comfort of seamen, and by enabling our fleets 
to keep longer at sea, have increased their efficiency 
in a prodigious degree. The TruscoU pump has re- qu,,., 
moved the dangerous necessity of getting water-casks provement. 
on deck ; and the abolition of the practice of sending ui the xer- 
Iving’s stoics from the Dock-yards in boats belonging to VUT ' 
ships of war, requited, as they often were, todo so intem- 
pestuous weather, has preserved the lives of many gallant 
seamen. The powder also, vv hiclt by an ancient and dan¬ 
gerous practice was sent onboard unfilled, is now received 
into a stop ready prepared for action. The store-rooms, 
which at one time exhibited scenes of the greatest irre¬ 
gularity and disoider, present at the present time every 
thing that can gratify the lover of Naval discipline and 
order The w mgs, or intervals, between the ship's 
sides on the orlop decks, so necessary to the vigilance 
and labour- of the caipentor during action, and which 
in seasons gone bv were tilled with the midshipmen's 
and quniloi-musloi's hammocks aid chests, hags anil 
lanterns, a icceptacle of filth and loul air.-- are now 
kept pcrleetly clear and clean, as they ought to he. 

(IS.) The science of signals, which has contributed so improve* 
mainly to our brilliant victories, lias also in these latlei meats in 
times been greatly improved. A system vv Inch enabled the 
immoital Nelson to communicate to his whole fleet in 
the short space of tluee minutes his splendid and memo¬ 
rable sentence “ Kmiumj exit, its i'.very Man to do 
his Duty," cannot but he advantageous. The ships 
which sailed for India ill 17sf), possessed merely flags lor 
indicating the most ordinary messages, such as seeing the 
land, discovering a strange ship, or calling an officer 
on hoard. In the War of 17!):J, Lord Howe’s system ol 
tabular signals was employed; and (rilmtliat time their 
adva icc ,vv.is rapid, lu l?!b>, signal-posts vveie esta¬ 
blish'd mi the South coast of England, to indicate the 
uppin.ich ol (he enemy’s cruisers, and to give timely 
iuloi illation to our seamen. The land telegraph, con¬ 
necting the Admiralty with till the sea-ports, pioduied a 
celerity of movement quite unknown in former tunes. 

The scmaphoie at present employed in this way was 
adopted from the French. The sea telegraph was the 
invention ot Sir Home I’oplmm. 
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(HI.) By iin \ct pussnl in tlu* soctmil yi>nr of llie 
reign of King; William IV , a very remarkable change 
took place in the administration of the Civil depart- 
' month of the Navy. The offices or departments of the 
piincipal oHiceis am! Commissioners of the Navy, and 
of the Commissioner', for victualling- the Navy, and liir 
the Care of Sick and Wounded Seamen, were entirely 
abolished ; the powers and authorities heretofore vested 
in these Boards being transferred to the Admiralty. 
By the same Aet, the duties hitherto performed by Com¬ 
missioners at the soveiat Dock-yards and oilier Naval 
and Victualling establishments at home and abroad, 
are in future to be executed by officers called Superin¬ 
tendents; the Commissioners of the Admiralty ami the 
Siipciiutcndeiits being empowered to administer oaths 
ami execute the duties of Justices. With regard to the 
important article of expenditure, it was enacted that one 
general account should be opened at tile Bank of Eng¬ 
land for Naval services; and annual aecounts be made 
up and certified, together with rigid annual inspections 
of all monies remaining with the Treasurer of the Navy, 
his cashiers and clerks. Monthly aecounts also are to lie 
furnished fioni the several Dock-yards. The Admualty 
also is enjoined to make up an annual account of ex¬ 
penditure, under the heads of seiviee specified in the 
Appropriation Act, tile Commissioners of Audit being 
empowered to examine the Fame, and to lay a copy 
thereof before Parliament, 

(50.) At the present time the various officers con¬ 
nected with the Civil departments of the Navy are the 
following: seven Commissioners for executing the office 
of Lord High Admiral of the l ailed Kingdom of 
(.real Britain and Ireland, with two Secretaries, and 
senior and junior clerks. Several principal officers, 
viz. a Surveyor of the Navy, an Accountant-General, a 
Storekeeper General, a Comptroller of the Victualling 
of the Navy and of the Transport Service, Physician of 
the Navy, and a Civil Architect. Connected with tho 
Navy Pay Office, tlicic is a Trcasmcr of the Navy, vvitfi 
various subordinate officers relating to the Wages, tho 
Bill, Ticket, and Allotment branch, the Navy Bill 
branch, the Victualling Bill branch, Ac. 

(51.) The Navy estimates, in future, are to be ar- 
langed as follows : 

Nos. Itupiiuit far the Sen ice of the je.ir 1 silt— Is i 1. 

i ,, t of sc,mien .mil irarmes . I' Y! I /i.Vll I „.. „ 

l.lVaires -J .... . - , > 'I >.> gJl) 0 II 

M { uttheorilinai\,y.oo,ri..lt,.\e. J 

I of sr. Lima mat mouses.lot,I,.011 

Ab.ilc I lid stores*' . .. /.H.’lo I 

-)n,,,eil| II II 

.Ti.V.s-JII I 

of tlieoiilm.il \, . .ird, u P.Xr. l-.lsl) 

.1. V.lma.ilij diti-e .. . 10 J.ii/o II 0 

I. N.wy fey Office. -Jl II I) 

a. Scu-ulilie l-..tn.-lv : . V.J.ltl'1 (I a 

i- Jl is woilh dnh ‘ogee m a r.ole .... .hsU.ut ol the .r.Him 
l.i.uirli • 

It.*) .il N.u.il College ...at SMio. 1 fin- N.w ] 1 AkIii- 1. a 

le. tni e. 

I'mal t llis. ualory . -.7 '0 i 0 

tllsenaloT) at the C.ga of I llnpe. 1,0-0 II n 

Naum at \tiit.iuaek . J,lell U 0 

I hlooiseetets. t.rOO 0 0 

!!■ n aid., exjierni’eills, .Xc. 1,00.1 0 0 

f 1 .diogr.tphiciil depaitm.-nt. IJ.lll'l td 0 

i>\l.a pay foi esplotmg the Qu.aia mid Southern 

Continent . g.a) -1 0 

lalil.’U.es and ^tuselllll at llilslai and JMvio.ulh 

Ho-pital.*. 1, I HI) II 0 

Crutuii) to itlr.f.iai.t fm la. tii-a-a.l .Maini'actor) . ‘J,0a0 ll 0 

Total. LJJ, ll’O tl (I 


ll. Bis M ijestj’s tsl .hindinients a\ )v rue . 11 t 070 j. '(j N iv.il \r- 

7. His 1U..jest. \ establishments al road , . . -Jl.UJ (I ,1 * 1 i.ecUue. 

8. \\ ages to artificers, \e. employ i d m lie* Ma- s '- 

jrstySps.tablisluiiciits at himu^. 1.18,42(1 0 0 

( J. Wages ti» ,11 iitkvis, Rc. employfit in ll!*, 

jesty's establishments ahio.nl . jp, «)(>'> p 

10 . Naval stores, \c. tor the building ami wpaii of 

■hijw. (lucks, wlinfs, &c.f. ribt.OO 0 <) 

11. New works and impioveimmts m tlu» yards, \ t *. (j {.mo 0 0 


11. New works and impioveimmts m tlu» yards, \c. ('> {.700 

ll?. Medicines and medic.il .stales.H.oliO 

13. Miscellaneous sen ices. 50, iso 


run o o 

’M'O 0 0 


Total fur the effective service ... £2.711 HI U 0 
1 1. Half-pay to ot lice is ol’ the Navy ami Koy.il 

Mantles}.S/l.N'tft 0 0 

I V Miblaty jHiisums a.ul allowances .5.H. 111.* 0 0 

lb. Civil pensions and allowances. 220, *112 t) 0 

Total for the Naval service ... £ 1,3.10,(HI 0 0 

For the Serviie of other Departments of 
Go vet nil tent. 

17. Aimy and Oidnnncu departments (convey¬ 

ance of f loops. Sic.) . 200.8(11) 0 0 

— Colonial ik puitmeut . — 

18. iloine depaitiuent (convict set vice).llS.dOO 0 0 

Grand Total .... JL l,baS,ld i 0 0 


* The wages to aitiliccrs and labourers /tome to thus v nf>rotnf, 
are to each other in about the ratio of .\ufrni to ntir. 

}■ The mode of disposing of old ships and .stoics in bis Majesty's DuUh 
Doek-yaids by what ih called Dutch Auction, deserves an cxpluna- Auction, 
tion. The aitide to be sold is put up by an otiicvr at some puce 
previously lived oil. lie then progressively lowei.x the sum, until 
some one wi)S ///(«»', when it is 1 maked down to the speaker, or he 
becomes the purchase!. Certain conditions aie in most cases eu- 
teiedmto liy the pmchaser, in the case of ships, that they -ire to h«i 
broken up within twelve months of the day of sale Tins was tin*, 
case with the Sail Vntimio, Phaeton, and Vngiin.i in the succeeding 
Table. Copper holts maiked with the King’s broad ainivv f are 
also to he relumed, the purchaser (reviving a fair value for tlu m in 
return. The following T.ihle will give the part it ulais o! a sale of 
several ships of war, on ttie 1 1th of July, 1827, at Souier-ct House, 
in presence of three ComniisMoneiH of the Navy. 
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NAVAL ARCHITECTURE 


Na*al Ar» This account, it should be remembered, has reference 
china :ure. to n period of profound Peace, of rig-id and unrelenting 
v***' economy, and when every means are taken to reduce all 
the public establishments to a' minimum of expense.* 
Our limits will not permit us to give more than a 


object* of honourable ambition. It is worthy also of record, that 
no offieei whatever are executed by deputy in the Navy. 
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* The following is nn obstruct of the Iliulget of the French 
French Minister of Murine and Colonial Affairs for the year 1829 

Francs. 

Hunger. g„],, rv 0 f (he Minister, of Directors and subdirertors, 

Prefects of Marine, officers on shore, Iquipaget tie 
ligne on shore, Marine artillery, Naval engineers, 

Officers having charge of Commissariat, Chaplains, 

Medical staff, Professors in Navigation Schools, of 
persons employed in felling timber in French Gui- 
anne. Storekeepers, &c. Officers of Hulks, and per¬ 
sons employed in rite Royal Founderies. 11,791,876 

Pay of General Stuff at sea, of the crew of one ship of 
the line, ditto of the crews of 127 vessels, containing 


brief analysis of this important statement, referring to Naval Ar- 
the Navy Estimates themselves for more detailed in- chitectnn-. 
formation. v '" _v ~ r ' 

(52.) The establishments at home connected with Naval estu- 
the Navy consist of Naval yards, Victualling esta- biishmenw 

BLISHMENTS, Mf.DICAI. ESTABLISHMENTS, TRANSPORT ttt ll omc. 
ESTABLISHMENTS, MARINE BARRACKS, AND MARINE 
INFIRMARIES. 

(53.) The Naval yards are at Deptford, Woolwich, 

Chatham, Slieerness, Portsmouth, Plymouth, Pem¬ 
broke, Deal, North Yarmouth, and Kingstown. The 
Victualling establishments are those of Deptford, Sheer¬ 
ness, Portsmouth, Plymouth, Hautbowline, Rrixham, 

Stiuldon Point, Milor, Deal, and Dover. The Medi¬ 
cal establishments are Haslar und Plymouth, The 
Transport establishments are Deptford, Portsmouth, 

Leith, and the Cove of Cork. Marine barracks are 
found at Woolwich, Chatham, Portsmouth, and Ply¬ 
mouth ; at which places also are the Marine infirm¬ 
aries.* The total sum voted for the financial year 


Kr iuics. 

12,410 men, anil expense of clothing the (quipagee tie 
hgne, fuel fur the Irnupi ”» de la marine, barracks, Ac. 7,863,800 

Expense of Marine hospitals for sick mariners . 1,181,500 

Ditto of provisions. 6,834,500 

Fay of workmen, expense of ship-building, materials, 

and artillery. 23,621,300 

Expense uf ducks, Ac. 3,800,000 

Expense of the galley slaves ... ..... 312,400 

Miscellaneous expenses . 692,000 

Expenses of the Army and Navy in the colonies. ... 6,000,000 


Total.. 63,109,976 


In 1823 a Royal Ordoonance was promulgated for establishing a 
distinct body of seamen to servo on ship-board or in the Naval 
arsenals, to be called equipage tie ligne. This body is divided into 
separate corps, eaeh corps being composed of a permanent Staff' of 
ten persons, nnil of four companies of 150 men each. 

All the Officers of the Royal Navy, from the rank of Futeiguc de 
vaissrau to that of Capitnine de frigate inclusive, must be employed 
in the Iquipage de ligne, and serve in it two years successively, 
unless they receive orders to the contrary from the Minister of Ma¬ 
rine. Every seaman belonging to the iquipngee de ligne must he 
instructed uml rendered fit to perform all duties whatever which 
relate to tho inanomvring, piloting, serving at the guns, or repairing 
uf a vessel, together with the manual exercise as a Marine on ship- 
hoard or in the Naval arsenal. The men of thee qtupaget de ligne 
are employed in all vessels from a ship of the line to a 16 gun brig 
inclusive. See Goldsmith's Statiitiee of Fruiter, I.melon, 1832. 

The amount disbursed annually in the Navy establishments of j^ llvv 
the United StateB is alwut three millions and a quarter of dollars, a i, ur!1 jjments 
considerable portion of which is devoted .to its graduul improve- u ( t ] IU 
nient, by the accumulation of stores, the creation of dry docks, and (t, 
the building of additional vessels. States 

The following is an account of the principal elements of expen¬ 
diture for 1829. 


Fay and subsistence of the Navy afloat ... 1 

Ditto ditto shore stations.... 

Fay of superintendents, artificers, &c. 

Frovisions .. 

Medicines and hospital stores... 

Repairs and improvements of Navy yards .. 

Ordnance and ordnance stores. 

Gradual improvement of the Navy .. N 

Repairs of vessels.. 

Labourers pud fuel for engine . 

Fsy and subsistence of tho Murine corps .... 


Hollars. Cts. 

,160,008 09 
161,830 26 
62,222 56 
461,636 83 
25,772 60 
148,989 09 
26,262 61 
444,395 98 
470,945 08 
1,660 45 
117,329 19 


These various sums, together with other different expenses, form 
a grand total amount of 3,308,745 dollars 47 cents. 

• It was mice tho practice to employ officers of the Army in the 
Marine service, and the Marines themselves wure privates uf the 
Army. In all the great actions before Cromwell's time, and during 
the time of the usurper, soldiers were constantly embarked us 
Marines. 
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1833—34 for the pay of the various officers connected 
with these establishments, taxes, and other incidental 
expenses amounted to £1 14,970, 

(54.) His Majesty’s establishments abroad consist of 
Naval \akos. Victualling establishments, Meoi- 
CAL ESTABLISHMENTS, and TRANSPORT ESTABLISH¬ 
MENTS. 

(55.) The Naval jards are at Gibraltar, Malta, 
Canada, (Kingston and Montreal,) Halifax, Newfound- 
laud, Bermuda, Antigua, Jamaica, Sierra Leone, and 
Fernando Po, Cape of Good Hope, and Trincomalee. 
The Victualling establishments are at Gibraltar, 
Malta, Haiifux, Bermuda, Jamaica, Bahamas, Bar- 
badoes, Ascension, Sierra Leone, Fernando Po, C’ape 
of Good Hope, and Rio do Janeiro. The Medi¬ 
cal establishments arc found at Malta, Halifax, Ber¬ 
muda, Jamaica, and Cape of Good Hope. A single 
Transport establishment exists at Gibraltar. The total 
sum voted for the financial year 1833—34 was £23,42:2. 

(56.) We can only give a brief enumeration of the 
officers of one of each of these establishments. Taking 
Portsmouth Dock-yard as the first and most important 
at home, we in the first place remark, that it is go¬ 
verned by an Admiral Superintendent, the other prin¬ 
cipal yards having only a Captain Superintendent pre¬ 
siding over them.* The officers next in rank are a 
master attendant and assistant; a master shipwright 
and two assistants; a storekeeper, store receiver, sur¬ 
geon and assistant, a chaplain, timber converter, boat¬ 
swain, and warden, together with twenty-seven clerks. 
Also masters for the smiths, sail-makers, riggers, and 
rope-makers; ten foremen of the yard; two conduc¬ 
tors of the wood and metal mills; foremen for the 
millwrights, metal mills, rope-makers, and smiths ; two 
assistant timber converters, and twelve measurers. 

(57.) Of the Victualling* establishments, we select 
Deptford, which has a Captain Superintendent, a store¬ 
keeper, a master attendant of the wharf and assistant; 
a surgeon and assistant; fourteen clerks; u master 
rooper, master miller, and master baker ; a warden ; 
two foremen of coopers, uud four foremen of stores, 
together with an engineer. 

(58.) Of the Medical establishments we take that of 
Plymouth Hospital, which is governed by a Captain 
Superintendent, who attends, also, to the Victualling 
establishment, assisted by two lieutenants ; there is also 
attached a physician, a surgeon, an agent and steward, 
a dispenser, a chaplain, three clerks, and four hospital 
mates. 

(59.) To the Marine barracks are attached a bar¬ 
rack master, barrack sergeant, and barrack clerk; 
and to the Marine infirmaries belong a surgeon and 
two assistants, a purveyor, a chaplain, and a quarter¬ 
master. 

(60) Of the establishments abroad, we take the 
Naval yard at Malta, which has an Admiral Superin¬ 
tendent, a Naval storekeeper, a master attendant, 
master shipwright, clerks, boatswain, and foreman of 
shipwrights. To the Victualling establishment at the 
same place there is attached an agent victualler and 
clerks ; and to the Hospital, a surgeon, dispenser, hos¬ 
pital mate, chaplain, ami clerk.t 

* The Superintendents of the Dock-yards were formerly Civil 
situations, the persons filling (hem being styled Commissioners. 
They arc not at this time so considered. The alteration took place 
on the 1st of June, 1832. 

f Where there is no Superintendent, the Commander in Chief 
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(61.) For the wages of shipwrights, other artificers Naval Ar- 
and labourers employed in the Dock-yards at home 
during 1833—34, there were paid the following sums:’ 

Woolwich.-£53,500 

Chatham. 65,500 

Sheerness. 28,000 

Portsmouth.108,100 

Plymouth.113,000 

Pembroke. 21,000 

Deal.1 

Haulbowline. f 600 

Making a total of .. £390,000 

(62.) The question of labour in the Dock-yards has Important 
occupied much of the attention of the Admiralty and of , l ue5ti<ni «f 
the late Navy Board. While the Country loudly l,ll,uUr " 
called for retrenchment, the members of these Boards 
were anxious to effect it with the least possible priva¬ 
tion to individuals. In January 1830, it was resolved 
that the payment of chip money should cease, and that 
no more men or apprentices should he entered in the 
yard, in lieu of others dying or discharged, until the 
number should he reduced to 6000, the number to he 
preserved during Peace. As soon as the number 
should be brought down to 7000, the men were to lie 
allowed to work the whole of Wednesday, uud when 
reduced to 6500 to work six days in the week. These 
arrangements prove the anxious desire of the Admiralty 
for the welfare of the workmen. The following Table 
will give the total establishments home on the hooks of 
the Dock-yards at home in the years mentioned in it. 

Inferior 



Officers. Workmen. Apprentices. 

Total. 

Total mini- 

Jan. 1, 1830 .. 

. 213 7068 

618 

7929 

licr of work¬ 

Jan. 1, 1831 .. 

. 197 6560 

633 

7390 

men and 

Jail. 1, 1832 .. 

. 172 6505 

524 

7201 

apprentice!!. 

(63.) During 

the year 1833, 

however, an entire Great 


change of system lias taken place in the Dock-yards change in 
respecting labour, with the view of economizing the con- th , e 
sumption of the public stores. The jobbing, or contract uf 1 ' ll ‘ uur * 
plan hitherto adopted has been abolished, and the men 
have beeu placed under an entirely new system of'classi¬ 
fication. The practice of contract work grew nut of the Abolition of 
necessities of the War, when extra labour was almost conl , r,lct 
daily called for; hut the system has been found pro- wor ‘ 
ductivc of great public loss. It has been said, and we 
believe with great truth, that when men are paid 
according to the quantity of work done, they nre not 
very scrupulous about the conversion of materials, and Waste of 
thus un immense waste of public stores has been the material*, 
consequence. To remedy this evil, the present Board 
of Admiralty resolved to return to the old plan of fixed 
allotted work uiul daily pay; and there existing no 
necessity for urgent despatch in time of Peace, the pm- 
sent has been selected as a proper period for effecting a 
change. At the same time, also, it was resolved that 
superannuations should be abolished. 

(64.) As a curious and important document rcspect- 

is, im far as may be in his power, to see that every officer punc¬ 
tually obeys the orders and iuslruclious lie shall luivu received 
from the Lords Commissioners of the Admiralty. The Commander 
in Chief in such a casu is to conform to the established rules mid 
general practice or the Navy. He is also to receive from ihe store¬ 
keeper, and every other person intrusted with the cluirgq of 
money, three general statements uf their respective accounts ipinr- 
terly, which he is to examine and certify. 
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Naval Ar- inn- the distribution of labour in the Dock-yards, and 
rhitn->ure. showing the relative importance of tile diirereut trades 
employed in them, we add the following valuable Tabic 


drawn up by the Navy Board on the supposition that the Naval A* 
workmen were reduced to 6000. We regret that our limits chilecture, 
will not permit us to dilute upon this important document. y '^v —1 
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Ili'inp-ilres »ei .. 

. . 

. . 

. . 

. . 


10 

. . 

16 


Join 1 11 n ml .ip; i enures . 


44 

80 

43 

106 

100 

40 

413 


Kej- brains fmpriy) .. 

Lahouieis, • nr- him ,e. 

. . 

. , 

1 

. . 

1 

1 

, , 

3 


19 

11 

14 

10 

14 

14 

3 

85 


Yard . 

4 

10 

80 

40 

100 

too 

40 

404 


Line and (wine spimvis .. 

in boatmen 





1 1 


4 


I.Ofksntlll’.s rill tl .IppIVIlhreN . 

. . 

1 


i 

2 

o 


8 


Masons and apprentices . 


. 

o 

•> 

to 

to 

10 

31 


Mi sseugriN .. 


4 

5 

4 

G 

6 

<1 

mt 



. . 

2 

o 

*» 

. . 

2 

, . 

8 


I’lumbeis nml appieutios. 

l 

2 

4 

2 

4 

4 

» » 

17 


Painters, gl.triers, a\d ii ( .pii'i:1ires , .1 
(■riuder*.> 

i 

(*> 

14 

If. 

20 

JO 

4 

81 


Labourers...] 

I’itch heaters . 


1 

1 

t 

i 

1 

1 

6 


llig-ns . 


JO 

JO 

40 

50 

50 

. , 

ISO 


Labourers ................ 

• • 

fi 

fi 

12 

It 

13 


50 


Snilmakcrs ami uppirut ires ........ 

•JO 

1 

3l» 

1 

3t; 

3G 

1 

131 


Sawjers . 


C« 

80 

GO 

100 

too 

GO 

4G0 


Sca\ el men . 

i 

10 

10 

10 

JO 

JO 

8 . 

71 


Shipwrights and apprentices . 

,1 

J00 

500 

300 

030 

G50 

200 

2303 


Smiths and apprentices .. 

2 ns tmiisp 

I .11 pouters 

1 

50 

■so 

50 

lit) 

120 

50 

4til 


Spinners ntul apprentices. 

.. 

. 

136 

is 

136 

136 

. . 

408 


Winders... 


10 

n 

20 

20 

G 

90 


Wheelwrights.... 


l 

2 

i 

3 

2 

1 

10 


Work u* a at Wood mills . 

.. 

, . 

., 

, . 

20 

. 8 

® . 

20 


Metal mills . 

. , 

, , 

.. 

. , 

40 



40 


Millwright’s shop. 

. 


* ‘ 


40 

•• 

• • 

•to 


Total. 

58 

505 

1163 

675 

Hill) 

1555 

134 

r.ooo 


Of the shipwrights above stated, viz. 2500,* a con¬ 
siderable number will be employed as house carpenters, 
(tl Kit iloM-riplinn of artificers having been abolished) and 
in other in tenor trades ; the object being to retain as many 
shipwiights possible at the same expense as persons 

* The ‘i.’ttHI shipwrights lien* alluded to, would complete annually, 
fit Tor launching, fifteen 120-gun ships; twenty HO-gtin ships; 
twenty mix. seventy fuius, tl.nty-six double-banked frigates of 5*2 
pins, or hiweut y cmvrltes of US guns. 

Tn the reign of (’.h ules 1 Mr I'hiueas Pi tt speaks of hiring and 
victualling the shipwrights and calkers, on seveial occasion?, anil 
or theii bring dischmgml when the work for which the) weie hired 
was pin formed. The victualling of workmen forms a singular 
contrast with the customs i*f the present day It is not known 
when this praetiee was gi\rii up. It is fnippusul fli.it there v,\s .1 
small permanent establishment of artificers in ench of the existing 
Dock-yards for ordinary purposes. 

In the reign of Queen Anne, the maximum nuniher of ship¬ 
wrights in the several Dock-ynrds amounted to ‘257 I, exceeding 
the number admitted Ht present to he necessary ; the minimum 
number during that reign was 1G7S. 

In the prriud from 1741 to 1805 inclusive, the greatest mimher 
of shipwrights were employed in 1800, amounting to A776. The 
least number was in 1735, amounting to 2305. In I80J tlu* num¬ 
ber was. 2878. 


of those descriptions would be paid in working at their 
own trades. 

(65.) The annual expense of warders, watchmen, .. 
and rounders, in the Dock-yards last adverted to, Jv.mT”* 
amounted for IS33 - 31 to Xl 1,676, a great but neccs- wali-limcn, 
sary sum. While this Essay has been passing through 
the pi ess, an important change has been made. A regu- New system 
lur ami systematic Police has been established* in the° rloIlcc * 


* It appeals that a Central Board of Police was strongly recom¬ 
mended by tho Select Committee of the liaise of (aniiinoiis on 
Finance, in their JStli Keport. printed ill June 1798. It was them pro¬ 
posed to bring under regulations by hren.es, all dealers in old and 
seeou'i-haial ship's stores, old iron, and other glares, mid several 
olliei it tag, rims ami sospieiotis trades, the uncontrolled exercise of 
wliieli, I y persons of louse conduct, is known to contribute to the 
comsM'ineiit and multiplication of crimes. Dr. Colquhoun, how¬ 
ever. rem ohs i i addite.ii, that salutary us this Central Hoard must 
celt.duty be in enutiulling and cheeking the Naval pluuiler, in 
eoiiiiiioii with the genei.il delinrpiency of tho whole Country, it 
would seem indispensably necessary, under circumstances where 
the moving property is so extensive, and where there exist so many 
resources mid temptations leading to the commission of crimes, to fix 
on some one person the responsibility of carrying the laws into effect, 
and ol controlling and ovv rawing tile various classes of delinquents. 
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I)oek-yards of Chatham and Sheerness, and doubtless 
will be extended to the other yards. The former history 
of our Dock-yards is indeed a history of pi muter and 
fraud * It is true that, in later times, things have been 
better; but the plunder of several tons of copper, even 
within the last two years, no traces of which were de¬ 
tected before the metal had reached Rirminnhain, proves 
there is still something defective; something which a 
vigilant Hoard of Admiralty ought to correct. 

(66.) We have now before us a printed copy of the 
Police Instructions, the fundamental principle of which 
is “ the Prevention of Crimei” a principle salutary in 
itself, and calculated, if followed out in all its consc- 
(piences wilh energy and effect, to produce (lie most 
beneficial results. It does not appear that the arrange¬ 
ments are yet jiert'ect respecting this important change ; 
but the admission of the necessity of a change, the be¬ 
ginning that has been already made in breaking up the 
old system, the putting new and altered powers into 
motion, cannot but be advantageous. 

(67.) The Royal Navy is divided into the following 
classes and denominations. 

1. Rated ships, viz. 

First rate, all three-decked ships. 

Second rate, one of his Majesty's yachts, and all two¬ 
decked ships of 80 guns and upwards. 

Third rale, his Majesty’s other yachts, and all ships 
of 70 guns and less than 80. 


whose attention is ilirecteil to the Dock-yards as a means of 
obtaining plunder. In the Work on the l’olice of the Metropolis, 
we find a nect!on named. A Ijieat J’ulier fur the Doek-yarth. 

* Dr. Lohpihouu remarks, that the abuses, frauds, and einhez- 
llemeuts are multifarious, and ale perpetrated through the medium 
of a vast variety of agencies, which naturally divide themselves inlo 
two distinct branches. 

The first relates to frauds committed by the connivance and 
assistance of clerks, storekeejiers, and inferior ollicers in the Dock¬ 
yards, and other repositories, and in shi]>s of war and transports, in 
receiving and delivering Naval, Victualling, and Ordnance stores; in 
survey s, iu returns of unserviceable stores, in what is called solving 
of stores, in fraudulent certificates, in the sale ol‘ old'stores, and innu¬ 
merable other devices. 

The second branch relates to the actual pillage of new anil old 
cordage, holts of canvass, sails, hunting, twine of all sorts, fear¬ 
nought and kersey leather and hides, old and new coppers, locks, 
hinges and holts, copper holts and nails in immense ipiantities, 
liar iron, old mm, lead and solder, ship's plank, oars, timber of 
small sizes, blocks, quarterstutf; candles, tallow, oil, paint, pitch, 
tar, turpentine, varnish, rosin, beer and water casks, iron hoops, 
hi-rail bags, beer, bread, wine, brandy, rum, oil, vinegar, butter, 
cheese, beef, pork, &c. 

Many vessels in the coasting trade, and even ships of foreign 
nations.it is said, touch at Portsmouth and 1 J 1)mouth, merely for 
the purpose of purchasing cheap stores. 

The artificers iu the Dock yards, availing themselves of their 
perquisite of chips, not only commit great frauds, by often cutting 
up useful timber, and wasting time in doing so j but also in fre¬ 
quently concealing, within their bundles of chips, copper holts, anil 
oilier valuable articles, which are removed by their wives and 
children, fund as lias appeared in judicial evidence, by boys retained 
for the purpose,) and afterwards sold to itinerant Jews, or to the 
dealers in old iron and stores, who are always to be found m abun¬ 
dance wherever the Dock-yards are situated. 

Among the multitude of persons concerned in these fraudulent 
transactions, some are said to keep men constantly employed in 
untwisting the cordage for the purpose of removing the King's 
maik, or coloured straw, which is introduced into it as a check 
against fraud; while others are, in like manner, employed in 
cutting the broad arrow out of copper bolts, nails, bar iron, and other 
articles, on which it is impressed, so us to elude detection. 

These remurks are from the Doctor's Work on the Police of the 
Metropolis, edition 1806, and relate to atime of War. Things are 
very much mended now, but we decidedly nppruve of a local 
Police for the Dock-yards. 


fW// t rate, ships of 50 guns, ami loss il, a „ 70. Naval Ar- 

villh rale, skips ol 36 guns, ami loss thou 50 ehiterture. 

Sixth rate, ships of 24 guns, and less than 36. - v -- 

2. Sloops ami bomli vessels. 

3. Gun brigs, cullers, schooners, ami other small 
vessels. 

(68 ) These different classes mid denominations are Krroneou. 
doubtless very proper, and experience has proved, that 
many advantages result from ships of different mic ni- ,vl " oh f '"'- 
tildes ; hut there can be no possible reason why ships "','q! 5 ! ,,r ®' 
of the same rate should vary so much in size. When ' 
Nelson was oil’Cadiz with seventeen or eighteen sail of 
the line, he had no less than seven different classes of 
74-gun ships, each requiring different masts, sails, yards, 

Ac., so that if one ship was disabled, the others could 
not supply her wilh appropriate stores. No state of 
things could possibly be more deplorable than this, mid 
to an aeute and sensitive mind like Nelson’s, it must 
have been a source of the (lee|iest regret. In the reign 
of James 1. the classes of ships were, ships royal, great 
ships, middling ships, small ships, and pinnaces. 

Ships were first distinguished by rates iu tile reign of 
Charles 1. 

(6!).) The Royal Navy on the 1st of October, 1.833, Amount of 
consisted of 557 ships of all classes. Of these, fourteen Hu- Royal 
were of 120 guns, live of 111) guns, three ol 108 guns, Navy on the 
twelve of 81 guns, ten of 80 guns, nine of 78 gun's, six ber "l833*°" 
of 76guns, sixty-two of 74 gnus, aeveu of 52 guns, fifteen ’ 
of 50 guns, sixty-two of 46 guns, twenty of W uns, and 
twenty-two steamers; the remaining ships vaiymg from 
30 to 4 guus.f 


* Whenever uny of Ilia Majesty’s ships or veaaela are fitted as 
steam-vessels, troop-ships, surveying-ships, fire-ships, prison-ships, 
hospital-ships, stoic-ships, and victualling-ships, or for any other 
temporary service, the Lords ('mninissioners of the Admiralty may 
assign to them such rate or class, not above a fourth-rate, as they 
uiay judge proper. 

f The French Navy iu 1831 consisted of the following:—thirty- French 
five ships of the lino of three rates, forty frigates of three Navy in 
rates; tweuty-three corvettes of from 18 to 32 guns; fifty-seven p,:j|. 
brigs of from 8 to 20 guns; eight bombs; galliots and cutters, 
eighteen of 8 guns; forty-one of 4 guns; twelve steam-boats, 
sixteen armed store-ships, thirty-two armed transports, and two 
yachts, amounting iu all to 284 vessels fit for sea, whether in 
commission or lying in ordinary. At the same time, also, there 
were twenty ships of the lino and twenty-six frigates building, be¬ 
sides several coi voltes, brigs, steam-boats, mid store-ships. There 
were also to be pat on the stocks in 1832, three slaps of the line, 
two third-intc frigates, three corvettes, unit five steam-hoats. 

In 1830 the United States’ Navy consisted of seven sail of the Navy nf 
line, all of which were laid lip ill ordinary; seven frigates of t!u< Lulled 
first class, of which three were in ordinary and four iu romniissioii; States iu 
three frigates of the second class, of which one was a receiving-ship, 18 It), 
one in actual service, ami one in ordinary; fifteen sloops, at wl.ii h 
two were in ordinary, and the remainder on diHirent foreign sta¬ 
tions ; seven schooners, of which three were in employ as reeeiv mg- 
ships, one in ordinary, and two in commission. There were also 
five sliips of the line and seven frigates in such a stale of forward¬ 
ness that they could lie ready for sea in three months. There are 
seven Navy yards maintained by the Government in dilleicnt Slates 
of the t'moil. In the Secretary’s Report ail allusion is made to 
the construction of two dry-docks, “ seldom rivalled in lieauty uml 
solidity." The expenditure on each has been 51)0,00(1 dollars. A 
great progress has been made in constructing buildings for the 
accommodation of officers of the yards, in storehouses, sheds, 
wharfs, walls, uml shipways, liope walks also aie contemplated. 

The vessels iu ordinary have been coveted ut most ol the yaids, to 
hlioltet them fiom sunshine and storms. The purchase oi timber 
and stores under the Act for the gradual increase of the Navy, 
remaining in the yard, amount ton million and a half. The uimiiint 
of property on hand for repairs is almost a million. Ilieoidnanee, 
provisions, Ktc., iimmuit to npvvaidx ot n million mid u half. 
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(70.) Of these there were in commission 126, vis., 
five three-deckers, varying- from 104 to 120 guns, eight 
second and third-rates, varying from 74 to 84 guns; 
seven fourth-rates of 50 guns ; eight fifth-rates, varying 
from 30 to 40 guns; sixteen sixth-rates, varying from 
24 to 28 guns ; thirty sloops, varying from 16 to 20 
guns ; and nineteen 10-guu brigs ; the remainder being 
small vessels carrying from 2 to 8 guns. The sailors 
required for this force amount to 20,000, and the Ma¬ 
rines 9000. The Marines thus amount to nearly half 
the seamen. In 1793 they amounted to only one- 
seventh ; but in the hitter part of the War the propor¬ 
tion rose to considerably more than one-fiflh. 

(71.) The Officers of his Majesty’s Navy are divided 
into three classes, viz.. Commission ofliccrs. Warrant 
officers, anil Petty officers. 

Tiie Commission officers are of the undermentioned 
denominations, and take precedence and rank in Lite fol¬ 
lowing order :—Flag officers, Commodores, Captains, 
Commanders, and Lieutenants.* 

Warrant officers are of the following denominations, 
which also represent the order of their respective ranks:— 


Masters, Naval Ar- 

Secretaries. _ ch.tecture. 

3. Physicians, To rank with Lieutenants, of the 

4. Chaplains,t [ Navy, but to be subordinate to them. 

5. Surgeons, 

6. Pursers, 

7. Mates. 

8. Second masters. 

9. Assistant-surgeons. 

JO. (iminers. 

11. lioatswains. 

12. Carpenters. 

The Petty officers arranged according to their ranks 
are the following 

1. Schoolmaster. 3. Masters at arms. 

2. Clerks. 4. Ship's corporals. 

(72.) The following Table contains an analysis of 

the various classes and denominations of the officers and 
men for file several rates of our ships, and furnishes a 
good idea of the beautiful economy that prevails in 
this great and important particular. 


Glnflsei for 
Distribu¬ 
tion of 
SeUureg. 

Ranks and Rating*. 

First 

Rate. 

Second 

Rale. 

Tlilnl 

Rule. 

Fourth 

llute. 

Fifth 

Hate. 

1 Slut 
Sixth ! 2 a « 

“■"* g-51 
Jl s ® 

>P«. 

6 S 
•ga 
58 

Bombs 

« * £ 
ifi.il 

fig s 

"1-3 

fl’v'a 




No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

T i 

Captain .. 

I 

1 

1 

1 

1 

1 

. . 

• . 

1 


l 

Commander . 

. t 

« f 

, . 

. . 


a . 

1 

1 



f 

Lieutennnts of seven years’ i 











II *1 

Htantling ami .> 

8 

7 

G 








II. < 

All other Lieutenants ... I 




5 

4 

3 

2 

2 

2 

1 

l 

Master... 

1 

L 

1 

1 

1 

1 

1 

1 

1 

1 


Chaplain. 

1 

1 

1 

1 

1 

1 






Surgeon .. 

1 

1 

I 

1 

1 

t 

1 

1 

1 



Purser... 

1 

1 

l 

I 

1 

1 

1 

I 

I 



Second Master . 

1 

1 

1 

1 

1 

1 






Assistant Surgeon . 

3 

3 

2 

* 

1 

1 

1 

1 

1 

1 


Gunner . 

1 

I 

1 

1 

I 

l 

1 

1 

l 



Boatswain. 

1 

1 

1 

1 

1 

1 

I 

1 

1 



('ll 

rpenter .. 

1 

1 

1 

I 

1 

1 

1 

1 

1 



M« 

lie .... 1 

Midshimmtn.J 

24 

20 

IG 

10 

8 

6 

2 

2 

2 

1 



Master a Assistant. 

<5 

G 

G 

4 

4 

4 

2 

2 

2 

2 



Schoolmaster. 

1 

1 

l 

1 

1 

1 







Clerk . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 


M 

Master at Arms . 

1 

1 

1 

1 

1 

1 






i 

Admiral’s Cockswain .. 












i 

Ship’s Corporal .. 

2 

2 

2 

2 

2 

1 

1 

1 

1 



° 

Captain’s Cockswain ,. 

1 

i 

1 

1 

1 

1 

1 

1 

1 




Quarter Master. 

12 

12 

9 

G 

.I 

; 3 

3 

2 

2 

i 

IV. 

5 

Gunner’s Mata ... 

5 

4 

3 

*> 

•> 

2 

l) 

2 

1 

i 


P* 

lioutswaiu’s Mate . 

8 

7 

r, 

4 

3 

• 1 

2 

2 

1 

i 


<J3 

Captain of Forecastle . . 

3 

3 

3 

2 

2 


2 

1 

1 



0 

Captain of the Hold .. 

1 

1 

i 


,1 








Cockswain of the Launch 

1 

1 

l 


1 








Shin’s Cook .. 

1 

1 

l 

i 

1 


1 

1 

I 

i 



Sail Maker .......... 

1 

1 

l 

i 

1 


1 

1 

1 

i 



Rope Maker ......... 

1 

1 

t 

i 

1 

1 

1 

1 





Carpenter's Mate.. ..,. 

2 

o 

2 

2 

2 


1 

1 

1 





1 

1 

) 

1 

1 


1 

1 





Armourer . ........... 

1 

1 

1 

1 

1 


1 

1 

1 

> 


* Relative rank of Officers of the Nary and Army. 

1. Admirals of the Fleet with Field-marshals of the Army. 

2. Admirals with Generals. 

3. Vice-admirals with Lieutenant-generals. 

4. Rear-admirals with Major-generals. 

5. Commodores with Brigadier-generals. 

S. Captains after three years from the dates of their first com¬ 
missions fur rated ships with Colonels. 

7. All other Captains with Lieutenant-colonels. 


8. Commanders with Mujors. 

9. Lieutenants with Cuptuins. 

10. Masters with Junior Captains. 

J f- 11 *« ve 7 gratifying to read the sfiict and earnest injunctions 
orccd on the attention of the Chaplain in the Admiralty Instruc¬ 
tions respecting his important duties. To instruct, to be attentive 
to be very assiduous, are terms applied to all the different branches 
of his duty ; display mg an anxious concern for the rcWious. moral. 
andinteUeclual welfare of all on boanL h 
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VI. 


Claues for 
Dlatrtbn- 
tlon of 
Seizures. 

Ranks and Rating!. 

Hirst 

rate. 

Second 

rate. 

Third 

rate. 

Fourth 

rate. 

Fifth 

rate. 

Sixth 

rate. 

Sloope 

Jfrf 

fl* 

S3 

*T? 5, 
, H 2 




No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 


P 

^Captain of the Maintop . 

3 

3 

3 

2 

2 

2 

2 

1 


aJ 

u 

Captain of the Foretop . 

3 

3 

3 

2 

2 

2 

2 

1 


Ha 

Captain of the Mast .. . 

3 

3 

3 

2 

2 

2 

l 



o 

Captain of the Afterguard 

3 

3 

3 

2 

2 

2 

1 




Yeoman of Signal* .... 

1 

1 

1 

1 

1 





£ 

Cockswain of the Pinnace 

1 

1 

1 






V. 

i 

Sail maker’* Mute. 

1 

1 

1 

1 

1 

1 




i 

Calker’* Mato . 

1 

1 

1 

l 






u 

Armourer’* Mate. 

2 

2 

2 

1 

1 

1 

1 

1 


-3 

C 

Cooper. 

I 

1 

i 

1 

1 

1 

1 

1 


a 

Volunteer of First Class 

8 

7 

6 

4 

4 

3 

3 

2 


d! 

^Volunteer of Second Class 

4 

4 

4 

3 

3 

2 

2 

2 

[ 

Gunner’* Grew . .. 

25 

22 

20 

13 

10 

8 

6 

4 


Carpenter’s Crew ........ 

18 

16 

14 

12 

8 

6 

4 

2 


SailmaketH Crew. 

2 

o 

2 

2 

1 

1 

1 

1 


Cooper’* Crew.. 

2 

o 

2 

2 

1 

1 

1 



V1J. 


VIII. | 


Bombs 


No. 


Its 

£§1 

B 

a u 
3 V3 a 


No. 


Able Seaman... 

Yeoman of Store-room .... 

Ordinary Seaman . 

Cook's Mate. 

Burlier. 

Purser's Steward inVessels in 
wlneli a Purser is allowed j 

Captain’s Steward. 

Captain's Cook. 

W ard or Gun-room Steward. 
Ward or Gun-room Cook 

Steward’s Mate. 

Landman . «... 


Hoy First ('lass .. 
Hoy Second Class 


Total 


The num¬ 
bers in- 
l eluded in 
r these ra¬ 
ting* arc 
in 



1st Class .. 
2d Cluss ., 

529 

479 

_____ 

f 900 

First-rates .. 

* ' * . 

850 

.'hi Class .. 

429 


800 

Second-rate* . 

1st Cluss .. 
2d Class ., 

356 

306 

351 


700 

650 

Thiid-rates .. 

1st Cluss .. 


650 

2d Class .. 

301 

250 

159 

139 

119 

59 

29 

g 


600 

Fourth-rates . 

Filth-rates .. 

Sixth-rates .. 

1st Class • • 


450 

2d Cluss .. 

1 st Cluss .. 
2d Class . • 
1st ('lass .. 
2d Cluss .. 
134 Cluss .. 

Making the 
total war 
> complement^ 
of 

350 

.100 

280 

175 

145 

125 


1st Class .. 

47 


135 

Sloop* 

2d Class.. 

37 


125 

3d Class ,. 

33 


95 


4th Class.. 

13 


75 

Bombs ...... 

Hi 


67 

Brigs, 8cc. ... ■ 

1 st Class .. 

27 


60 

24 Cluss .. 

17. 


50 






6 

5 

4 

2 


1 

13 

12 

10 

7 

10 

9 

6 

2 

5 

2 

18 

17 

16 

11 

3 

2 

1 

1 

1 

•• 

211 

194 

174 

131 

111 

91 

68 

50 

37 

21 
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(73.) At the present time we have Admirals’ flags 
flying at the Nore, Portsmouth, anil Plymouth, in the 
Mediterranean, the West Indies, Ilaliiux, and New¬ 
foundland, in South America, the East Indies, Lisbon, 
Cape of (lood Hope, and coast of Africa, and on par¬ 
ticular service. In all ten Admirals.* These arc the 


* In 1812 wo had twn Admirals’ flogs flying in the Baltic, one at 
Leith, one at Yarmouth, four in the Texcl and Scheldt, one at 
the Nore* one in the Dawns, one at Portsmouth, one at Plymouth, 
one Guernsey and Jersey, one in Ireland, three in the Channel 
fleet; one on the coast of Portugal, seven in the Mediterranean, 
one at Newfoundland, one at Halifax, one at Jamaica, one nt the 
Leeward Islands, one on the coast of Africa, two in South 
America, nne at the Cape of Good Hope, and one in the Kast Indies: 
in all thirty-four. 

The duties of a Commander in Chief are twofold—those relating 
to geueral service, and to the Civil establishments. They will be 
found in the Admiralty regulations and instructionr dud embrace 
■ vast variety of important objects. Frequently a Commander in 
Chief has to undertake matters of a diplomatic nature, and some¬ 
times he has to act on his own responsibility on circumstances of 
the greatest moment. This must of course nr on foreign stations. 
The admirable letters of Lord Collingwood show his case with 
what ability lie conducted some of the most delicate and important 
negotiations. In all the varied duties connected with his extensive 
command in the Mediterranean, after the Battle of Trafulgur, he 
showed himself a profound, and provident, and truly English- 
hearted statesman. 

VOI. VI. 


present Naval stations. In former Wars, much unplea¬ 
sant litigation arose among the llag-oificers of his 
Majesty's fleet, in consequence of the limits of the dif¬ 
ferent stations not having been properly defined. Since 
that time, however, the Admiralty have so marked the 
boundaries of each command, that any future dispute 
seems impossible. These limits may be seen in vol. v. of 
Breuton’s Neival History, p. 348, Ac. 

(74.) At the present time also there are on the Navy Admirals nt 
List one Admiral of the fleet, forty-six Admirals, fifty-live r^'scni in 
Vice-admirals, aud sixty-four llear-odinirals. the Navy 

Their rates of sea-pay and of half-pay per diem are 
the following:— 

Sea-pay. 

Admiral of the fleet. £6 0 0 

Admiral. & 0 0 

Vice-admiral. 4 0 0 

Rear-admiral or Commodore) 

of the first class. Captain >3 0 0 
of the fleet... I 

(75.) There are also 799 Post Captains, of whom fifly- ( , ^‘ c, ‘l" 
four are actively employed. Their sea-pay is by the aml1 ’ 


List. 


Half-pay. 
£3 3 0 
2 2 0 
1 12 6 ‘ 

I 5 0* 


• In the reign of Jsmc* II. Admiral* and Captains of the Navy 
received only very email pay, but were allowed in addition a rertnin 
retinue, and for the men composing it so much n day, with the 
value of their previg-en*. Those allowance* led to great abuse*. 

3 A 
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month, and is governed by the rate of the ship they 
command. A Captain of a first-rate in commission 
receives .£'61. 7*. 4<f. per month, and the other rates, 
down to the fifth, diminish (omitting some trifling 
fractions) by a common decrement of an eighth part of 
that sum, thereby giving to the Captain of the last men¬ 
tioned rate u monthly pay of £'30. 13*. 8. The Captain 
of a sixth-rate receives a sixteenth part of £61. 7*. 4d. 
less than a Captain of a fifth-rate. It would lie cu¬ 
rious to know what circumstances led to the determi¬ 
nation of these fractional decrements. A different scale 
of arrangement takes place in the pay of these officers 
when on half-pay. Each of the first hundred us they 
stand on the geueral list of officers in seniority receive 
14*. (id. a day; each of the next 150 a daily half-pay 
of 12*. 6 A. and to the remainder 10s. Gd. per day.* 

(76.) Of the Commanders there are 8HI, of whom 
110 are employed on active service. The latter receive 
uti eighth part of £61. 7s. 4d. (omitting a fraction) less 
than the Captain of a fifth-rate. Of this class of oflicers 
when on hall-pay, each of the first 150 on the list receive 
10*. n day, and the remainder 8*. Orf.t 


By .m ()rdvr in Council dated --<1 February,1693, the extruvuguut 
manlier of servants previously allowed whs abolished, and the 
iiflircri were allowed a number about equal to the present establish¬ 
ment. This wise and salutary plan, which excluded all profits on 
servants, and assigned an adequate rate of net pay, was, however, 
rescinded by Order in Council of 18th April, ImH), which esta¬ 
blished the following rates of pay, and reestablished the following 
extravagant number of servants :— 

Vny. Servants. 

Admiral uf the fleet.X'5 II 0 50 

Admiral.... 3 10 0 30 

Vice-admiral . 2 10 0 20 

Kear-mlmirnl. 115 0 15 


and at these rates the pay of the flag-officers remained for upwnrds 
of 100 years, till, by Order in Council of 23d April, 1000, an 
liberation took place. It was computed in the Appendix to the 
Order in Council of February, 1603, that the annual saving to the 
Public on the reduction of the servants, would be on each officer 
as follows:— 

Admiral of the fleet.XIOH 0 0 

Admiral. 557 It 0 

Vice-admiral. 30-t 4 0 

Rear-admiral . 177 9 0 


* The Admiralty instructions to Captains respecting the fitting 
of ships, their stores and provisions, their books and accounts, 
their discipline, pilotage, and sick quarters. Sic. Sic. Sic., form a 
body of knowledge of a most important, kiml; and we regret that 
our limits will only permit us thus briefly to allude to them. 

f In every sea-port of France, the resort, of ships of war, a 
Maritime Piefect is established, who is generally either a Vico or 
Rear-admiral. Mis functions correspond with those of al’ort- 
udmirnt in England. 

Francs per ann. 

The Maritime Prefects receive, when not em¬ 


ployed ut sea. 18,000 

Vice-admiral. 15,000 

ltear-.olmiial (Centre amiral). 10,000 

Post Captain (Capituine de vuisseau, 1st class) . 5,000 

Captain (Capitaine de vuisseau, 2d class) 4.500 

Commander (Capitaine de frfgate). 3,500. 


When at sea, the officers receive a supplementary pay of onc- 
fifth of the above, besides a daily mess allowance, which varies 
with the service or station on which they are employed. 

The pay and allowances of officers as well as men, and also 
all payments whatever made on account of the service of the 
Navy, are suhject to u deduction of three per cent, for the sup¬ 
port of the sick, and fbr granting pensions to Naval invalids. 
There never has existed in France any special asylum for aged or 
invalid seamen, similar to Greenwich Hospital. Itis true, how ever, 
Naval invalids, after thirty years’ effective service, when supplied 
with certificates of good character, and supported hy high interest, 
maybe admitted into the Hite! da Invahda at Paris; and it is 
also true that there are special Hospitals for the sick belonging to 
tho Navy, while in nrrvice, at Brest, Toulon, Rochefort, fOricut, 
and Cherbourg. 


(77.) The rates of pay of Post Captains and Com¬ 
manders for the different rates and sloops and bombs, 
may lie represented by the following series, wherein p 
denotes the Cuptain’s pay of a first-rate. 
p.. . Captain of a first-rate. 


Naval Ar¬ 
chitecture. 


ip... 

of a second-rate. 

f V • ■ 

of a third-rate. 

8 P ■■ 

of a fourth-rate. 

ip... 

of a fifth-rate. 

V p.. • 

of a sixth-rate. 

ip... 

commander of sloops and bombs. 


(78.) The Lieutenants amount to 3207 ; 658 of these tieute- 
being on active service. nunts. 

(70.) There arc 496 Masters, of whom 98 are ein- Masters, 
ploved. 

(80.) There are 12 Physicians belonging to the Navy, Physicians. 
712 Surgeons for service, and 318 Assistant Surgeons. Surgeons. 
92 Surgeons aud 108 Assistant Surgeons are on active 
service. 

(81.) The Pursers amount to 635, of whom 89 are Purecrs. 
on service. 

(82.) The active list of Chaplains amounts to 37. Chaplains. 

(83.) As a proof, also, that the Admiralty are not 
unmindful of their important duties as regards the qua¬ 
lities of ships, and consequently their improvement, the 
following scries of questions forms a part of the in¬ 
structions issued to every officer on his taking the com¬ 
mand of a ship. 

r A Report uf tho Sailing and other qualities of 
His Majesty’s Ship , us found on 

strict observation thereof, between tho 
of and this date. 

I r wt. I in.lira. 

Her complement of men is... 

Her light draught of water was stated I Forward.,, 

to be./Aft . 

Tho draught of water which was esli-1 „ , 

mated by the builder to be her best >»”.[ wur ' 1 • • • 

trim ..J Alt . 

The draught of water found, on trial, to\ 

he bur Lent Mailing trim, with three I Forward... 
months’ prmisiuiiH lit ul stores on (Aft. 

Tiie draught of water found, on trial, to\ 

be her best sailing trim, with as much I Forward... 
provisions and stores on board as she (Aft....... 

can conveniently stow.. J 

Tons. 

The. necessary quantity of iron ballast 
fur her... 

The quantity of water sho stows in her f In iron tanks 
foro and main holds.(In casks .. 


day 

18 


f 


With three months’ | Draught of water 
provisions and < 
stores on board „ 

t Height of ports . 


With as much provi-1 Draught of water! 
sions and stores on l ., 


Forward... 

Alt . 

Foremost . 
Midships.. 
Aftcrmust . 
Forward... 


board as she cun 
conveniently stow 


r i Foremost 

J Height of ports . < Midships . 

l Aftermost 


How armed. 


On town deck 


f Guns .... 

' l Cotronadea 


No.Pdr-s Weljjlw. LhiimIi 
O t.Qrv Pi. In 


On middle deck. { S uu * ' 

I Carronadea 


On main deck. 


{Guns.... 

’ \ Carronadea 


On quarterdeck {{££££ 
On forecastle... jcanomide* 
'*° n P°°P.{Carronadea 
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■a 

3 

■a 

a. 

Eo 


,How many days of the following!Provisions, 
articles does she stow For her com- > Un-ad .... 

pleinent of men t .' -Spirits .,, 

Does she ride easy at her anchors ? . 

How many degrees does she heel, with a fresh t 
breese, under single-reefed top-soils and top- > 

gallant sails ? ..‘ 

How many degrees does she heel, with a strong) 
breese, under double-reefed top-sails, witliout J 

top-gallant sails P. 

How does she carry her lee-ports ?. 

Docs she roll easy or uneasy in the trough of) 

the seu .) 

Does she pitch easy ?. 

Is she, generally speaking, an easy or uneasy | 

How does she in ) with all sails sot ?. 

general carry [with treble-reefed top-sailsl 

and courses ?. f 


her helm ? ... j 

How does she steer ?... 

IIow does she stay ?. 

How does she wear ? . 

Is she weather!^ or leewardly, 


othor ships 


compared with 1 


How does she behave )ying-to Y. 


$3 

a 5 * 

eO «8 a 
M 2 a 

s ™ * 

2 -O 

*ir 


r 


2 3 
s e 


a 

jsi * 


V r* 


Under whole or sin¬ 
gle- reefed top- 
uailu ami top-gal¬ 
lant Hails .. 

Under double-reef¬ 
ed top-sails.... j 
Under double-reef-' 
od top-sails and 
top-gallunt sails ^ 
Under close-reefed^ 
top-sails and l 

courses. J 

Large, under all sail that could 1 

with propriety be set.j 

Before the wiiul under similar cir-1 


Close-hauled 

with 

smooth water. 


Close-hauled | 
with a 
head sea. 


Knol-i. Fathom* 


cumstanccs. 

What is Iter best point of sailing compared) 

with other ships ?.J 

Comparative rate of sailing compared with other 1 

ships ? .J 

Is she, generally speaking, a well-built and 
strong ship, or does she, on the contrary, - 

show any symptoms of weakness ?. 9 

Remarks, stating the grounds of such of the present) 
answers as muy differ from those of the last Re¬ 
port, and any other observations tending to form - 
an accurate judgment on the qualities of the 

ship ...... 

Captain. Master. Carpenter. 


There innat therefore he nu immense hotly of vnlun- Naval Ar- 
ble knowledge now buried in the innumerable returns rhitoctum. 
that have been made to these questions, and ftom which '7“ v '““' y 
the hnnd of industry might deduce some important results. 

(84.) Siuce the Peace, many keen anil angry discus- 
siouu have taken place respecting the best mode of 
building our ships of war; and several experimental 
squadrons have been sent out, computed of siiips built 
by different projectors. Nothing decisive, however, 
seems to have resulted from these attempts ; and Nava! 
Architecture, considered as a Science, seems now to re¬ 
main nearly as it did before. New plans have also been 
adopted for the internal fittings of our men of war; and 
in the case of the Thunderer, recently commissioned by the 
gallant Captain Wise, no cabins are permitted on the two 
gun-decks, the whole space beiug left free for fighting. 

(85.) Tne appointment of a new Surveyor of the Appii.it- 
Navy has led (o the greatest changes in the forms and mentor a 
dimensions of ships hitherto attempted. The vessels in "** 
which Nelson and Duncan fought can hardly be com- 
pared with the magnificent vessels now building in our 
Dock-yards. The following Tables will furnish an ac¬ 
count of their principal elements. 

Dimensions. 



Names of the Ships and Vessels. 

Particular*. 




Hover, 

Knuke. 

London. 

Cantor. 

Vernun. 

fJorv. 

Hr»K- 


U*2Uniiff. 

afitiUllH. 

SOCiitiin. 

1H( ill lift. 

la 011118 , 


Ft. In. 

Fr. hi 

Fl. In. 

Ft. In. 

Fl. In. 


205 (i 

159 0 

17G 0 

113 0 

100 0 

Do. of keel fur tonnage 

170 4 

133 71 

144 6} 

90 1 

7G 94 


53 0 

42 G 

52 0 

35 ft 

32 0 

Kxirimu breadth . 

54 4 

43 0 

52 8} 

35 1 

32 4 


23 2 

13 6 

17 1 

10 9 

14 10 

Burthen m tuns... .No. 

2593 

1283 

2082 

5S7 

418 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Fl. In. 

Calculated light (Forw. 
water line -. .. 1 Aft.. 

15 2 
18 3 

12 8 
15 n 

.... 

9 5 
12 3 

8 14 
12 0 

Ascertained lino 1 Forw. 

.... 

12 3 

i:i (i 

.... 

8 1 

when launched. \ Aft . . 

.... 

15 2 

17 6 

ii’o 

12 4 

Constructed loadl l’orw. 

23 3 

19 1 

20 9 

1.3 G 

Hue .1 Aft. . 

24 3 

20 1 

21 9 

15 0 

14 9 

[Fore. 

S 2 

8 8 

10 6 

7 0 

a 3 

Height of ports . < Mills. 

Lin.. 

7 0 

8 2 

7 8 

8 G 

9 0 
9 9 

e o 

G 2 

5 3 
5 4 


Dimensions 
oi* llu* new 
ships. 


Di mm lions 
of then 
masts and 
yards 


(86.) The next Table gives the dimensions of their masts and yards. 





London. J 


raptor. 

1 

Vernon. | 


Rover. 



Length. 

Diameter, j 

Length, j 

Diameter. 

Length, j 

Diameter. 

Length. J 

Dlu me ter. 



Vila. 

36 

In. 

2H 

In. 

36* 

Yds. 

20 

In. 

13 

In 

m 

‘ Yds. 

' ;?:> 

In 

7 

In. 

36 

Yds. 

22 

In. 

8 

In. 

21 

f J 


39 

32 

40 

32 

0 

301 

| 38 

24 

38 

24 

44 

23 

) 

Much mast. 

27 

8 

2»i 

23 

2 

20 

! 27 

9 

24 

19 

20 

17 


Bowsprit. 

Top mast. 

Top-gallant mast .. 

Lower yard. 

Top-sat 1 yard. 

Top-gallant yurd 

25 

1 

36 1 

19 

19 

28 

1 2-2 

0 

•14* 

14 

31 

21 

t 

20 

31 

20* 

17 

0 

17J 

19 

23 

21 

13 

0 

12} 


10 

12 

lOJ 

9 

6 

oi 

, 3 

15 

11 

0 

12 

«4 

n < 

30 

13 

214 

25 

6 

174 

28 

4 

21} 

17 

3ft 

15 

£ 

21 

18 

13? 

19 

9 

12 

21 

12 

13J 

14 

15 

9 

| 

14 

8 

«4 

12 

12 

7} 

13 

12 

84 

9 

21 

fi 


’ Top mast.. . 

22 

31 

20* 

19 

6 

17} 

' 22 

1* 

21 

14 

27 

144 

■1 

Top-gallant mast , . 

Lower yard . 

Top-sail yard. 

1 1 1 

17 

US 

10 

9 

HI* 

1 9 

2-1 

114 

7 

G 

7* 

34 

28 

24* 

28 

20 

10| 

' 32 

8 

m 

20 

24 

64 

a 1 

24 

20 

154 

21 

20 

M| 

. 24 

24 

15 

1G 

18 

11 

1 

Top gallant yard .. 

1G 

9 

10 

14 

20 

8} 

I 15 

10 

9 

10 

18 

«4 


Top mast.. 

1G 

17 

13} 

14 

13 

11* 


10 

I'lJ 

11 

3 

10 


Top gallant mast .. 

8 

8 

»* 

7 

24 

7* 

1 7 

6 

84 

7 

6 

6* 

9 . 

N i 

Cross jack yard ... 

24 

20 

154 

21 

20 

13} 

1 23 

18 

15 

16 

18 

11 

a 

1 Top sail yiinl. 

1G 

12 

IO4 

14 

20 

si 

1 15 

13 


11 

18 

6 

1 Top-gallant yard .. 

12 

3 

6} 

9 

8 

54 

! 17 

21 

6f 

7 

33 

4 4 


Driver boom. 

23 

7 

13} 

19 

19 

11* 

> 19 

12 

12} 

12 

24 

10 


Driver ga<T.. 

17 

6 

12* 

15 

3 

105 

1 1B 

194 

1(1 

9 

0 

7* 


Jib boom. 

17 

18 

15* 

15 

0 

12s 

: 16 

0 

15* 

11 

0 

10 


Sprit-sin 1 yard. 

21 

13 

13} 

19 

9 

12 

: 21 

12 

:4 

11 

15 

1 i 














3 a 2 


Snail a- 


Le iif; ill. 

Dinimtcr. 

Vit«. 

In. 

In. 

22 

8 

21 

21 

9 

23 

14* 

12 

23 

14 

6 

13 

7 

12 

74 

18 

(i 

m 

14 

18 

9 

10 

0 

7 

14 

G 

13 

7 

12 

74 

18 

G 

i‘-4 

14 

13 

9 

10 

0 

7 

lo’ 

0 

"m 

12 

12 

10 

10 

0 

04 

14 

18 

9 
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N*vni Ar- (87.) Such are the elements of some of the ships 
chitecture. built or building in our Dock-yards, under the new 
——y - "-' state of things; and others on a still larger scale are 
spoken of. The Americans, acting on a principle of 
policy, taught us the necessity of augmenting the dimen¬ 
sions of our ships of war; and the vessels which our 
Dock-yards now produce, prove that the lesson has not 
been taught in vain. The increased expense arising 
from augmented dimensions, however, ought to render us 
cautious not to carry this principle beyond its necessary 
and proper limits. 

Tactics. (89.) The great problem of breaking an enemy's 
claim* uf l' n,e * owes its origin entirely to Mr. Clerk of Eldin. 
Clerk. That splendid discovery ranks with many other great 
events which influence the fate of nations, and impart a 
new aspect to the affairs of men. By its ready and 
admirable adoption on the 12th of April, 1782, by 
llodney, it led to the most decisive and brilliant results; 
and other comtnnnders, following up the same greut 
principle, have likewise gained from it an unfurling 
renown. It must, have been a sowrce of tire purest plea¬ 
sure to Mr. Clerk, to have witnessed the complete suc¬ 
cess of the theory on which he had so long and so deeply 
meditated ; and, moreover, to have received as its richest 
fruits, the public admission made of his transcendent 
merits, by the most illustrious commanders of his time. 
Within the last two or three years, however, a keen and 
bitter controversy has sprung up on the subject; and 
attempts have been made to dislodge Mr. Clerk from 
the high position to which public opinion had elevated 
him. The appearance of an eloquent and powerful 
J’a|>er in the List volume of the Edinburgh Review,* 
embracing the whole scope and compass of the inquiry, 
bus fortunately tended, in a high degree, to strengthen 
the entrenchments which time, and the unequivocal 
testimonies of the greatest minds, had raised up around 
him. Had Mr. Clerk been professionally connected 
with the Navy, so great a master of tactics, aided by all 
the results of a large experience, could not but have 
attained to its very highest honours. How often, in the 
history of knowledge, have great and important dis¬ 
coveries originated in quarters, from which they could 
have lenst been expected ; and how rich and varied have 
been the benefits thus resulting tu mankind ! 

Importance (89.) An attention to tactics cannot but be of the very 
of tactics. fi rs t importance to a Naval commander. To neglect 
their cultivation is to give every advantage to the enemy, 
and to throw away that science which ought to be 
our guide. Our youngest seamen should he taught 
their rudiments, and a complete knowledge of them both 
in theory and practice should form a necessary purt of 
Naval education. The subject is replete with the deep¬ 
est interest in theory, and in its practice, is connected 
with the highest glory and renown. Naval tactics, it is 
true, have a limit in the possibilities of Navigation, and 
arc, therefore, much less capable of variety of stra¬ 
tagem than the operations of armies; but, although the 
Navnl warrior cannot place his fleet in ambush, nor at 
all limes press the foe in his weakest part, it must not 
be thence inferred that there is no room left for the exer¬ 
cise of skill. The remark of Nelson just at the com¬ 
mencement of the splendid Battle of the Nile, “ Where 

THERE IS SPACE FOR AN BNEMY'8 6HIP TO 8WINO, 


* Sir Howard Douglas ha* published a reply to this Article in a 
work entitled Naval Evolution *, London, 1832; but we are bound 
to say that it does not appear to us satisfactory. 


THERE MUST BE ROOM FOR A BRITISH SHIP TO ANCHOR,” 
proves that, in his case at least, the ready eye of 
genius was capable of seizing on whatever could con¬ 
tribute to glory and success. To devise and execute an 
unexpected manoeuvre is, in fact, to secure the battle. 
This cannot bo taught by books—the moment of 
invention is the moment of execution. 

(90.) On the important subject of impressment there 
has been much discussion during the Peace; but though 
the practice is so much condemned, no one has been able 
to suggest an adequate remedy. There can be no doubt 
that its employment is painful, and to be justified only 
by imperious circumstances. It is absolutely necessary, 
however, on the hreaking out of a War, that the English 
fleet should be the first to get possession and command 
of the Channel; but how this cun be done without the 
uid of impressment, has never been satisfactorily shown 
by those who contend tor its entire abolition. It is an 
ancient prerogative of the Crown, on the maintenance of 
which mainly depends our Naval supremacy. 

(91.) According to Steel’s Lists, the number of sta¬ 
tions at which we had press-gangs during the late War 
varied from forty-five at the commencement, to thirty- 
four at the close of the War; and at these different sta¬ 
tions there were employed from eighteen to twenty-five 
Captains, and from forty-seven to filiy-ninc Lieutenants, 
with a number of men umouuting on an average to not 
less than twenty at each station. It has been stated 
also, that during the late War there were never less than 
five line of buttle ships, and sometimes eight, one 50- 
gun ship, three frigates, and five sloops, employed lor 
the purpose of securing impressed men. 

(92.) It is a circumstance most gratifying to record, 
that the waste of life in the trying and difficult enter¬ 
prises of the past War, by no means amounted to what 
might have been anticipated. For example 

Thera were on) f w l’ ere °I • 

I Jan. 1,1811, tol38,581.1 


board the ships 
of war in 

W rarts of the 
orld, seamen 
and marines 
amounting, 


there 
died of 
disease, 

) drowned, 
and 

killed in 
battle. 

The average of the crews being 137,894, and the ave¬ 
rage deaths, by disease, accident, and battle, 4,554, 
gives a rate of mortality of little more than one in 30 : J ;* 


fJan. 1,1812, to 136,778. 
Jau. 1,1813, to 138,324, 


in 1810,5183 
:iu 1811,4205 
in 1812,4211 


* Sussmilch, Gatttiche Ordnunq , vol. iii. p. 00. supposes the ave¬ 
rage measure of mortality for all’ Countries, taking town ami vil¬ 
lages together to be one in 30. According to Cromo, the mor- 
tnlily ill Silesia, from 1781 to 1784, was one in 30. In (luclder- 
lnnd, from 1770 to 1781, it was one in27, and the same respect¬ 
able authority states, that in the richest and most populous States of 
Kurope, where the inhabitants of the towns are to the inhabitants of 
the country in so high a proportion as one to three, the mortality may 
be taken as mie in 30. In several of the trades of the metropolis, the 
members of which, like the sailors, are between the nges of sixteen 
and sixty, the average mortality is greater than among seamen. 

In the Naval instructions it is judiciously observed, that, “as 
cleanliness, dryness, and good air are essentially necessary to health, 
the Captain is to use his utmost endeavours to obtain these comforts 
tat the ship's company as much as possible. The ship is always (o 
be pumped dry ;»tho pump-well is to be frequently swabbed, and a 
fire let down to dry it, (proper precautions being taken to guard 
against accidents;) and if the weather should prevent the lower 
deck ports from being opened for a considerable time, fires ore to 
be made in the stoves, and by means of them and of wind sails the 
lower decks are to be kept as dry and as well ventilated as possible. 
The Captain is to be particularly attentive to the cleanliness of the 
men, who are to wash themselves frequently, and to change their 
linen twice evory week. They are never to be suffered to sleep in 
wet clothes or wet beds, if it can possibly bo prevented, and they 
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a result of a very remarkable kind, when we consider the 
diversified circumstances of climate, and giving a happy 
close to a review of the gigantic growth of ourNavnl power. 

(93.) The position of England at this moment in a 
Naval point of view is very remarkable. By her im¬ 
mense maritime superiority, she wields with euse the 
sceptre of the ocean. The fleets which may be preparing 
in the ports of those who look upon her Naval supre¬ 
macy with jealousy and fear, are probably destined in 
future Wars to add to her own strength. Any idea 
of effecting a maritime coalition against her is de¬ 
stroyed, by her remarkable geographical position. 
L'Angleterre, says M. de Pradt,* occype. vne position 
ccntrale entre le Nord et le Midi de l'Europe; let 
escadres de ces deux divisions du Continent ne pour- 
raient done se rtunir qu'h la portee des cotes de I'An- 
gleterre et en passant sous ses canons; et ces escadres, 
q miles seraient-elles ? Celles de la Russie ? par ou sor- 
tiraient-elles ? A Heligoland, VAngleterre ferme le 
passage du Sund; « Gibraltar, ii Malte, cite intercepte 
tout ce qui navigue dans la Mediterranee, comme tout re 
qui entre dans celte mer ou qui en sort. De Plymouth, 
elle. bloque Cherbourg et Brest; ses cotes correspondent d 
relies de la Hollande, el, par ce rapprochement , la Del- 
gique et la Hollande sont tenues en respect par la seute 
presence des ports Anglais: une coalition maritime 
conlre l’A nglelerre. est done mate riellenient impossible; 
moralement, elle test plus encore. When France pos¬ 
sessed Canada, Louisiana, the Antilles, and settlements 
in India, it might have distracted in some degree the 
fleets of the English; but now that the colonies of the 
French are so much reduced, the British fleets in future 
Wars will be enabled to act in greater masses than at 
any antecedent time. It hence becomes the policy of 
England, now that she has so triumphantly ascended to 
the very summit of maritime greatness, to consolidate 
her Naval power by every possible means. Favoured 
by Nature in so many ways, she cannot but maintain 
her superiority if she be true to herself. “ The ves¬ 
sels of a hundred different Countries wave their flags 
upon the Thames,” says Dupin, and “ nevertheless 


are often, but particularly altar bad weather, to shake their clothes 
and bedding in the air, and to expose them to the sun and wind.” 

The following Tabic, takeu from James’s .V«t 'nt Hiatonj of the five 
great Naval victories or the last War, of tho numbers killed and 
wouuded, provos that sea-fights are not nenrly so destructive ns land 
battles. In the single Mattie of Tnlavera there were 4711 killed 
and wounded, being only 1-15 less than the whole number killed 
and wounded in the Naval battles alluded to. At Tulavuru, also, 
there were only 18,500 men engaged, whereas in the five Naval 
fights they amounted to upwards of 01,000. 


Date of tho 
Naval victory. 

Name of the Admiral! 
who commanded 
the fleet. 1 

On board 
the 
fleet. 

Number 
of men 
killed. 

Number 
of men 
wounded. 

June 1, 1794. 

Earl Howe. 

17,241 

290 

858 

Feb. 14,1797. 

Earl St. Vincent. 

9,900 

73 

227 

O^t. 11,1797. 

Lord Duncan. 

8,221 

203 

622 

Aug. 1, 1798. 

Ia>rd Nelson. 

7,401 

218 

678 

Oct. 21,1805. 

Lord Nelson. 

18,725 

443 

1241 


Totals .,. 

01,488 

1233 

3020 


Total killed and wounded. 


4859 


* Appel a .’Attention de ta France nr ta Marine Mditaire par 
M. de Pradt, Aneien Arckeveqae de Mali net. Paris, 1832. Cerlei, 
says M. de Pradt, lei armies it C Europe n'onl que trap tu Irouver 
le ckemin de Paris ; mail comment us vameaux trouverment-ih 
ctfui de Londrtt t 


there the British flags alone surpass in number those of Nava! Ar- 
so many other nations. If tl»e citizen of London is chitecture. 
justly proud at the sight of so many fleets of merchant 
ships, daily arriving from the. sea, or descending the 
river,—these, to export the products of the national 
industry, those, to import the produce and treasures of 
the most distant climes,—he cannot contemplate the 
busy activity that surrounds him, without feeling that 
he owes it all to the sovereignty ot the sea. Nor are 
these evidences of unbounded and increasing wealth 
confined to the metropolis alone. He perceives Edin- 1Ipr wm- 
burgh on the shore of the most beautiful gulf of mcrcu - 
Scotland ; Dublin on the spot most convenient for a 
rapid communication between London and Ireland; 

Quebec on the banks of the St. Lawrence ; Calcutta on 
the borders of the Ganges; Halifax on the Northern 
coast of America; and the City of the Cape on the 
Southern extremity of Africa—the Cape of Storms,* 
which must be doubled in order to connect Europe with 
India;—in aword, iu all parts of the World, the central 
pointsofthcBritish power participate in the heuefitsof the 
commerce of the sea; and by these benefits contribute to 
the splendour, the wealth, and the power of the Country.” 

(94.) “ In England, in Scotland, anil in Ireland too, 
not only the Capitals just alluded to, but a multitude of 
cities of the first rank are built on the sea-coasts, or on 
tile iwrders of large navigable rivers. Ilencc Liver¬ 
pool, Bristol, Hull, Dundee, Aberdeen, and Glasgow, 

Belfast, Cork, and Waterford, become united by com¬ 
merce with nil the cities and all the manufactories 
of the interior; the interests of the maritime ports 
blending thus in harmony with all the great and 
transcendent interests of tha Country. No other Coun¬ 
try, also, is so wonderfully intersected with roads and 
canals; there being no point within the three King¬ 
doms, from which one may not, in four and twenty 
hours, arrive at one or other of the seas which surround 
them.” The commerce and Naval power of England and Naval 
hence mutually feed and protect cacli other. Commerce is ™ •’ t 

at once the producer of wealth, and the constant, u n wearied each^othcr. 
nursery of seamen ; so that in the season of peace, the 
national enterprise is kept up, and a race of men are 
prepared by previous hardships, and by encountering 
Tropical whirlwinds and the icy seas of the Poles, to 
maintain the glory and renown of preceding wars. 

(95.) As the growth of our Naval power has been gra- Fmtlier 
dual, advancing by slow but certnin steps from one con- steps tu he 
dition of greatness to another, so has its administration “•*'**■ 0,llf 
ou shore not been without obstacle and difficulty. Our „ T.,effect* 
Dock-yards, in no instance, present an example of an v 1 
establishment that is perfect. It remains yet to lie seen 
what a perfect Dock-yard should be; one that shall em¬ 
brace magnificeut basins, and be surrounded by spacious 
wharfs and quays; and have its most laborious duties 
performed by machines planned and executed by men 
capable of imparting to them the latest improvements in 
Mechanics. In former times, the various parts of the 
same Naval establishment were scattered; nor docs the 
principle of concentration, so necessary for economizing 
time, and for uniting in a focus all the powers of a 
great department, seem ever to have been contemplated. 

Ships were built at one place, their victualling stores 
were received from another; their water at u third; 
their beer at a fourth, and their ordnance and powder 

* Cabo Tormentoao, bo called by Ilartholoinew Pin*, a Portu¬ 
guese. John 1. of Portugal gave it tho more inviting name of 
“ The Cape of Good Hope.” 
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from a fifth. Instead of one eye presiding over and con¬ 
trolling all the necessary elements for the tipeedy equip¬ 
ment of a numerous fleet, separate and sometimes con¬ 
flicting interests were called into action; delays of mes¬ 
sengers impeded the advancement of one ship, whilst 
currents and contrary winds, not then subdued by steam, 
occasioned stoppage in another. No wonder, in bitch a 
system of things, that our gallant seamen—a St. Vin- 
ceut, or a Nelson,—sometimes in the ardour of their 
zeal, and impatient to meet the foe, bestowed words of 
bitter condemnation on our Dock-yards. 

(96.) These evils, however, since the Peace, have gra- 
duallybeen under correction. In the two great N aval sta¬ 
tions of Portsmouth uttd Plymouth, advantage has been 
taken of loculity to bring the different departments more 
into union. The Victualling Office at Plymouth, which a 
few years ago was placed in a narrow and inconvenient 
place remote from the Dock-yard, is now brought almost 
into jiixtu-posilion with it, forming the Eastern side of the 
beautiful natural hasiu of Ilamoaze, whilst the Dock-yard 
and gun-wharf form the Northern. Here, in this new crea¬ 
tion of the Pennies, is to he found every thing requisite 
for the victualling of a fleet. Ample storehouses, eorri- 
mills, and bakehouses of enlarged dimensions,* sluughter- 


* Until within the last few years, all the flour anil biscuit con¬ 
sumed in the Navy was furnished by private contract. The most 
flagrant imjwsdions and fnimli were but too generally the conse¬ 
quence of this mode of supply, in defiance of all the vigilance of the 
heads of departments. The flour and biscuit were stipulated to be 
of the second best quality ; but instead of this, the former was ge¬ 
nerally mouldy, dmiutged, or or a very inferior description to that 
bargained fur; while the latter was usually compounded of kail 
flour, beau meal, old worm-eaten biscuits ground duwn, and various 
other cheap or unwholesome materials. To obviate these frauds. 
Government, a few j ears ago, erected steam-mills at Deptford and 
Portsmouth, for the purpose of grinding flour for the Navy ; and u 
very superior and cheaper article being the result, it was determined, 
in addition to grinding thu flour, to attempt also the manufacture of 
biscuit from it, at these establishments. The impossibility of ac¬ 
commodating and effectually superintending the multitude uf bakers 
required to knead the dough in the usual way, by hand, so as to 
effect the supply ing of the whole Navy, would have rendered this 
praiseworthy effort, in a great measure, abortive, had not the inge¬ 
nuity of Mr. Grant, storekeeper at Portsmouth, obviated the diffi¬ 
culty. lly the attachment of u few simple pieces of machinery to 
the engine driving the flour-mill, the dough is now worked, rolled 
out, and stumped into biscuits,with an expedition inconceivable, and 
with a saving of two-thirds of the number of bakers required to 
perform these processes by hand. The flour and water are first put 
into a trough, through which passes an iron spindle, armed with 
eighteen knives, in two rows, i. c. nine in each row, on opposite sides 
or the spindle. A strap connected with the engine turns the 
spindle round, and by menus of the revolving knives, the flour and 
water are in a few minutes worked into dough lit for being stamped 
into biscuits. The iluugh is now taken piecemeal fntm the trough, 
and shaped by hand into longish rolls upon two movable baking- 
hoards, supported by small iron pillars, having cnslor wheels ill tbs 
top: these pillars are in three rows, extending from the trough to 
the two rolling machines j mid along the castors upon their tops 
the baking-bourds are pushed by hand, towards the rollers, under 
which the dough is railed out into thin cakes, by their back¬ 
ward und forward swinging motion. The baking boards are now 
pushed out by hand from under the rollers, nml slided along Ihree 
other rows of pillars, connecting the two rollers wilh the two cut¬ 
ting machines, each containing forty-two hexagonal dies, under 
which they are momentarily placed, and eighty-four biscuits are thus 
cut out by a single stamp uf (ho two machines. Thu kneading, 
rolling, and stamping portions of the machinery tiring separate, can 
consequently be put in separate motion or at rest at the will of the 
baker. By the machinery at Portsmouth, under Mr. Grant's su¬ 
perintendence, 160,0(10 pounds of biscuit can lie manufactured in 
twenty-four hours; constituting a day's ration for thu crews of 
twenty sail of the line; and with eight or ten such pieces of 
machinery, biscuit rations may ba daily manufactured for i 60,000 
men, being the greatest number of seamen and marines employed 
during the hottest iieriud of the late War. The biscuit is free from 


houses, cooperages, brewhouses, all under the eye of an Naval Ar- 
intelligent and active superintendent,* cannot but pro- chitceturo. 
duce, aided as it must be by the application of steam to 
Naval power, the most astonishing results.t Other im¬ 
provements will doubtless take place in the Dock-yards 
themselves; machinery will be more extensively em¬ 
ployed ; railways will be laid down; Science will gain 
a greater ascendency ; the true principles of labour will 
be better understood; and thus by one improvement 
added to another, and a rigid economy in all the depart¬ 
ments of the State, the Naval power of England shall 
rise higher und higher in the scale of greatness, main¬ 
taining her transcendent superiority in spite of all the 
rivals who endeavour to pull her down. 

Equidistant Ordinates. 

(97.) Ships disclose a variety of parts whose solidi- Equidistant 
ties and surfaces require to be computed with preci- ordinates, 
sion and enre, but whose mixed and uncertain forms 
can only be reached by approximation. If we take by 
way of examples the surface of the water section, the 
figure of the immersed volume, the portions of the 
vessel pluuged at times beneath the sea in the acts of 
rolling and pitching, or raised above the waves by their 
buoyant power, we shall find forms both of a solid and su¬ 
perficial kind.iucapablcof reduction to any regular figure. 

(98.) Various methods have been devised by Mu the- Methods of 
muticiuus for computing the areas and solidities of figures computing 
of this kind, by the aid of equidixlunt ordinates referred irregular 
to a common axis. These inodes of calculation are ti (5 ure “- 
found to approximate with more or less certainty to the 
desired end ; and much of the accuracy, whatever rule 
be employed, will depend on the increased number of 
the ordinates themselves. 

(99.) There are two rules commonly employed in Two rules 
these kinds of calculation, distinguished for their sim- commonly 
plicity and accuracy. The first may be exhibited under em l ll "l™- 

the form of (2 -f- 4 S + 2 s) -L, 


ilintiness', and in every respect more ]«latalile than that mails by 
hand, in consequence of being more thoroughly kneaded. From 
the rapidity of the manufacture, also, nu mure biscuit need now be 
baked than is required for immediate use, from the supply by (his 
process being as curtain os it in rapid, so that our seamen will always 
in future have fresh-baked and wholesome biscuit served out to 
them, even on foreign stations, instead of the stale, mouldy, worm- 
eaten, anil unpalatable contract trash generally furnished during 
the War, which had often been baked fur years before issued. It 
is only those who have been duomcil to the penance of the contract 
flour and biscuit that can duly appreciate the great boon conferred 
on our brave seamen by this project of the Government; the above 
articles now supplied to the Navy being very supeiior in quality to 
those furnished for the merchant service—such, indeed, us are fitting 
for any gentleman’s table ; and all this at a much lower cost tliun 
the former contract supplies. 

In addition to the usual King's mark of the broad arrow, the 
word “ Machinery” is stamped upon the biscuits By thu Naval 
estimates for the years 1833-34, it appears that Mr. Grant has re¬ 
ceived the sum of £2000 for his ingenious invention. 

* Captain Phipps Hornby, K.N. C.H,, ono of the gallant heroes 
who commanded in the famous action off I.issa, 13th March, 1811. 

f Frruuenjly during the last. War, anil doubtless in all pre¬ 
ceding Wars, ships were wiud bound fur a considerable time in 
the lull hour of Ilamoase, entirely ready fur sea, commanded by an 
anient Captain, hut unable to move. Now, the moment a ship is 
ready, a steamer can take her down the harbour, and, ii necessary, 
carry her at once out to sea. Not long before this uote was written, 
its writer saw the Caledonia, a first-rate of 12(1 guns, taken down 
by two little steamers, one lashed on her larboard bow and the 
othor on her starboard quarter. The great ship was moving with¬ 
out a sail, her numerous crew were motionless, enjoying the Nceue. 
It seemed like twu infants beuring a giant to Borne great labour. 
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Naval Ar- where 2 represents the sum of the extreme coordinates, 
chitecture. s the sum of all the even ordinates, » that of the odd or- 
dinates, and t the common interval between tile ordi¬ 
nates. In this rule it is essential that the uniform la- 
mines, into which the area or solidity be divided by the 
equidistant ordinates, sliould, whether those ordinates be 
lines or areas, be in all cases an odd number. This rule 
Is founded on the supposition that each portion of the 
curve passing through the extremities of three successive 
ordinates, is a portion of a conic parabola; and hence 
the error arising from its general application will only be 
the spaces intercepted between such parabolic segments 
and the given curve. 

(100.) Another rule was brought into practice by 
Atwood, wherein he supposed arcs of a cubic paraboln 
to pass through every four successive ordinates, the 
number of ordinates being a multiple of 3 + 1. This 
rule he exhibited under the form of 

(S + 2 V + 3 Q) L*, 

wherein S represents the sum of the first and last, or¬ 
dinates, P the sum of the 4lh, 7th, 10th, Ac. ordinates, 
Q (hat of the 2d, 3d, 5th, 6th, 8th, 9th, &c. ordinates, 
and i the common interval among them. 

(101.) In the application of cither of these rides to 
the important objects before ns, care must be taken that 
the ordinates be sufficiently multiplied as to admit of 
no sudden transitions in their lengths. Should such an 
instance occur, and it may do so in the practice of Naval 
Architecture, a new abscissa sliould lie adopted, to 
embrace, with the aid of new ordinates applied to it, the 
areas or solidities of such irregular parts. 
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The Displacement. 

(102.) It is n maxim in Hydrostatics that any floating 
body, whatever be its dimensions and form, will always 
displace a volume of the fluid in which it is immersed, 
exactly equivalent to the weight of the body ; and the 
truth of tlie principle will be evident when we consider 
that the upward vertical pressure of the fluid supporting 
the body is exerted in precisely the same way, whether 
it acts on the body or on the volume of fluid previously 
displaced. To discover the total weight of a ship, 
therefore, it is only necessary to ascertain the weight of 
water she displaces when she floats in equilibrium ; the 
question hence becomes one of ordinary mensuration, to 
find the number of cubic feet contained in the body 
below the plane of flotation, having its figure and 
necessary dimensions given. 

(103.) The displacement of a ship is. however, a 
variable quantity contained between the limits of the 
light and load water lines, the first representing its 
minimum state, or the weight of the hull just as she is 
launched, and the second its maximum condition, when 
the vessel has received tier masts and yards, her rigging, 
sails, ballast, water, provisions, and men, guns, powder, 
shot, boatswain’s and carpenter’s stores, &c., and in 
fact, all that she may require to fit her fot the great 
purposes of war. Between these two limits, therefore, 
there may be every imaginable variety of displacement, and 
hence it is not unusual to estimate the displacement even 
of a single inch, both at the light and load water lines. 

(104.) There seems to be no fixed and invariable 
relation between the light and load displacements, even 
in ships of the same class; and among different classes 
the differences are very remarkable, though here and 


there coincidences may be met with worthy i.f attention, x uv *i Vp- 
but which, nevertheless, seem more the result of acci- chitecture. 
cl flit than or any settled design. v —, 

(105.) In the following Table we have given the dis- l),.,,u < . e - 
pluccments of several classes of ships, derived from Mr. merit* „r 
Edye’s excellent Naval Calculations; and in order more 
clearly to show the relation of the two, we have intiu- of 
dueerl the actual light and load displacements in the*" 11 *' 
first and second columns, representing the former by the 
constant quantity, 100, in the third column, and placing 
in the ibnrtb, the proportional numbers fur the corre¬ 
sponding displacements at the load water line. 

(106.) Among some of these ships there exists a rc~ Relations 
lntion worth adverting to. The 120 and 92-gun ships, between 
for example, are both related as 100: 187 ; the 80-gun l^milar 
ship and the small vessel, the Rover, ns well as "the 
razfee 26, and the 10-gun brig, and between one or two 
others there exists a close approximation. The greatest 
difference in the two displacements exists in the 52-gun 
ships, and the least in the rtizde of 50. The contrast 
between these two vessels, considering how small is the 
dillcrence in their fighting forces, is very remarkable, 
and shows what immense powers of capacity and stow¬ 
age a skilful architect may impart to his vessel, while he 
preserves unimpaired her fighting powers. 


Half hi S*l»ip. 

Liplht Dini’l.ipi'- 
incnt in Font. 

LmiiI DitmUco- 
im-nt in Foot. 

Frupnrt ton ill 

N iiiuImth. 

First.... 

120 , 

86,098 

160,614 

100 

In/ 


SO ' 

65,296 

124,977 

too 

191 


7-1 : 

56,287 

104,920 

too 

186 

Rnz«e 

SI) 1 

50,67.) 

87,15) 

100 

172 


r>2 j 

36,071 

75,420 

too 

209 


4(1 

26,725 

50,755 

toil 

190 


26 . 

24,130 

4 1,805 

too 

183 


28 

i j ,:»<»* 

27.277 

101) 

201 

Corvette. 

18 

10,344 

21,171 

100 

207 

Gnu-brig 

1H 

ft, 068 

16,035 

100 

199 


10 

5,69.1 

10,404 

100 

183 

Schooner 


3,983 

7,338 

100 

Is4 

Cutter 


2,835 

5 725 

too 

202 



Ci .ass ok New Ships. 



London . 

.92 

77,420 

144,532 

100 

187 

Cost or .. 

.36 

33,026 

63,861 

100 

193 

Vernon.. 

.50 

48,510 

89,747 

too 

185 

Rover .. 

.IS 

10,43(1 

19,899 

too 

191 

Snake .. 

.16 

8,000 

1.4,231 

100 

189 


(107.) The proportional relations of the load dis- 
plaermentH of different classes of ships are given in tile 
next Table, adopting 1000 as the representative of a lifthe'se- * 
ship of the first class of (20 guns. vend rules. 


Rate of Ship. 

120 

80 

74 


Razee. 50 

52 

•If. 

26 

28 

Corvette. 18 

Gun-brig. 18 

10 

Schooner . 

Cutter. 


Proportional Numbers for 
the Displacement. 
1000 
778 
653 
513 
470 
:il« 

279 

170 

J3J 

'If) 

I ). 

trt 

.10 
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New Class of Ships. 


London. 92 890 

Castor... 36 398 

Vernon. 50 559 


Hover, corvette . 18 124 

Snake, brig. 16 95 

(108.) To determine the displacement of a ship is 
a great end important problem. The forms of ships 
already constructed very frequently guide the Naval 
Architect in estimating the displacement of a new 
vessel; but c&bcs may arise wherein he may feel dis¬ 
posed to have recourse to first principles, and reascend¬ 
ing to the elements of his Art, to compute from the 
dimensions and specific gravities of the different mate¬ 
rials to be employed in composing his vessel, her com¬ 
plement of men, her guns, the vast variety of her stores, 
and the absolute amount of her weight. This it will 
be obvious must be a laborious process, and requiring 
immense processes of calculation ; but such obstacles 
will have little influence with him who is destined to 
extend the boundaries of the Art. 

(109.) Having, however, this weight, whether de¬ 
rived from former vessels, or by the method last adverted 
to, the Naval Architect will proceed to assign to it a 
displacement capable of giving him the stowage, Che 
velocity, and the qualities necessary for fighting with 
ease and security her guns, even in a troubled sea. It 
would appear as if this latter element has in very many 
cases been singularly neglected, and that the lower deck 
ports have been so uear the water os to afford room for 
great apprehension, nr at least to impair the fighting 
powers of the ship, by the necessity that existed of fre¬ 
quently closing them. Among the ships now actually 
existing in our fleets, the height of the midship ports 
of a first-rate of 120 guns appears to be but 5 feet 
6 inches, and of a 74, but 5 feet 8 inches above the 
water ; whereas in the new class of the London of 
92 guns the midship ports will be elevated 7 feet, 
and in the Vernon 9 feet. So the old corvette of 
18, which had her midship ports only 4 feet 11 inches 
above water, in the Rover will have them 6 feet.* 


* Hie height of the midship ports is from the circumstances of 
construction at a minimum rlcvutiou above the water, the fore and 
after ports living much higher. In the second column of the an¬ 
nexed Table we have the excess of the height of the fore porta 
above the midship ports ; and in the succeeding column the height 
of the alter ports above the suine. 


Clitag of Shinn. 

Excess of Height of 
Fore Porta above 

Excess of Height of 
After Ports above 


120 

Midship Ports. 

Ft. In. 

1 4 

Nidililp Ports. 

Ft. In. 

1 0 


so 

2 9 

0 10 


71 

1 10 

0 l 

Razte. 

60 

1 0 

0 1 


52 

1 2 

1 0 


46 

0 10 

0 10 

Razto....... 

, 26 

0 11 

1 

5 


28 

0 3 

0 6 

Corvette...,. 

13 

0 8 

0 11 

Cimi-brig.... 

18 

0 8 

1 

1 

10 

0 5 

0 4 

Schooner ... 

• • ■ 

1 2 

0 2 

Cutter. 


2 7 

0 9 

London ...,. 

92 

New Class. 

1 2 

1 2 

Castor . .,... 

26 

1 0 

0 10 

Vernon. 

50 

1 6 

0 9 

Rover corvette 

18 

1 0 

0 2 

Snake brig .. 

16 

1 0 

0 1 


This is so important a consideration, and the mode of Naval Ar- 
computing the necessary displacement corresponding to chitecUire. 
a given weight, is now so completely understood, that v— 
it would be unpardonable in the present slate of our 
knowledge, to construct any ship without a due atten- ° g . en ,MB 
lion to so important a principle. It is proper to give a 
ship the requisite stability with as little ballast as 
possible, which will enable the constructor to reduce the 
displacement, and may facilitate the sailing and work¬ 
ing of the vessel. Hence every weight introduced into 
a vessel should be kept as low as possible. In the case 
of a merchant-ship it is manifest that if the weight 
of the hull, rigging, and necessary stores be known, and 
the amount of displacement also, the weight of her 
cargo may hence be determined. 

(110.) Bougucr, whose mind seems to have been Appruxima- 
directed in so many ways to simplify all the processes of J' 011 
computation in Naval Architecture, imagined that a 1,0U B lli:r - 
close approximation to the displacement might be ob¬ 
tained by considering the ship’s body a semi-spheroid, 
to which perhaps it assimilates more closely than to 

any other body. The content of a spheroid being ^ 

of Us circumscribing parallelopiped, lie supposed the dis¬ 
placement might be obtained by estimating the same 
fractional part of the rectangular solid contained by the 
three principal dimensions of the ship at the water’s 
surface. In the case of sharp ships, he modified the 

fraction to but it would seem that the results give 

considerably less than the true displacement. 

(111.) The state of Naval Architecture at the pre- More accu- 
sent time, however, requires the application of more r,l, e m <‘- 
accurnte rules. We have already alluded to formula;, II0W 
which, applied to a body like a ship, are capable of necCbl,ttr l• 
affording the solidity of the whole or any part of it im¬ 
mersed ; and so accurate are the practical modes now 
adopted by the ship-builder, that the error in the total 
weight of a ship of 3000 or 4000 tons, is often less than 
half a ton. The finding the displacement of a ship is, 
however, only an ordinary problem in mensuration, and 
to a geometrician cannot present the smallest difficulty. 

(112.) The sheer and body plans arc necessary, in sheer and 
order to find the displacement. Suppose A B C D, body [.u.m 
plate i. fig. 1, to represent the sheer draught of a ship, necessary 
and W w the load water line for which the displace- *" * 1,B 

incut is to be calculated. In this line take two points, nJenb™' 

E and F, each within a few feet of the stem and stern ; 
and let the interval E F be divided into such a number 
of equal parts, that the number of points of division, to¬ 
gether with the extreme points E and F, may either be 
represented by an odd number, or be a multiple of 
3 + 1. Through these points, let perpendiculars, 1,1; 

2, 2; 3,3 .... 26, 26; 27, 27; 28, 28; be drawn to the 
water line, and the vessel will be divided into vertical la- 
minse, of equal thickness. Moreover, let OPQ, fig. 2, 
represent the body plan of the same ship, the lines I, 1; 

2, 2 ; 3,3; 4, 4 ; &c. representing transverse vertical 
sections extending to the outside of the ship, at the 
several stations 1, 2, 3, 4, &c. in the sheer draught, fig. 

I ; those on the right hand, being the vertical sections 
before the midship section, and those on the left, the 
vertical sections abaft the same section. Moreover, 
below the load water line W tv, let several horizontal 


There ore only two differences in the Tuble, it will be remarked, 
which are equal, namely, the Razee 46, and the London 92 guns. 
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Naval At- lines. 22, 33, 44, &c. be drawn parallel to it, at some 
chitecture. constant distance, suppose a foot from eacii other, both 
■V"***' In the sheer and body plans. These sections will divide 
the body of the ship into horizontal lamina: of uniform 
thickness. Sometimes, however, the thickness of the 
horizontal sections in the upper body exceed those in 
the lower body, the form of the ship requiring the hori¬ 


zontal sections to be increased in the latter, ir now the n.v.I Ar- 
lialf breadths on the several horizontal lines of the sections chitrctu£ 

in the body plan be carefully measured, by means of the v- - 

scale of the drawing, the numerical results will be found 
as in the annexed Table. These half-breadths may alao 
be found by means of fig. 3. 


Table of Ordinates.—Vertical Sections of Middle Body. Common interval Ctfeel. 
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NAVAL ARCHITECTURE 


Naval Ar¬ 
chitecture. 


Of AJltr Body. Common interval 1.83 feet. 


Of Fore Body. Common interval 3 feet. 


Naval Ar¬ 
chitecture. 



10.6 

12.87 

14.69 

16.05 

5.81 


9.25 

10.73 

3.32 

4.42 

5.44 

■JT* 

2.00 

2.55 

3.24 

3.88 

1.32 

1.62 

2.0 

2.35 

49.80 

63.65 

77.53 

89.84 


l'lfffH bil¬ 
low Includ¬ 
ing the 
keel uml 
falic keel. 

Whole half 
nrcnnofthe 
vertical 
nectlona. 


15.71 1.28 


15.71 15.66 


2 

1 

2.0 

2.35 

1.76 

2.13 

1.55 

1.95 

1.43 

1.72 

1.28 

1.51 

1.13 

1.33 

J.00 

1.18 

.92 

1.04 

.8 

.9 

.75 

.8 

.65 

.72 

8.9G 

10.55 

1.32 

1.33 

87.81 

101.72 



12.73 €.51 .83 


2.92 3.36 3.5 7.07 4.9C! 


1151.52 118.41 79.76] 37.97 4.961 


4115.17 
3884.76 
3510.34 
3028.73 
2150.b7 



2450.67' 

2290.92 

2128.97 

1977.61 

1783.96 

1591.72 

1356.64 

1033.54 

615.79 

392.99 

235.65 


Dimensinr.s 
nf jiriHvil- 
ing Talilo 
enulile us to 
tluil thudis- 
lil.u'iiineut 
noth by ver¬ 
tical ami 
liuri/imtul 
wetiun*. 


Vi itirul 

Silt 111.1.. 


Example of 
one vortical 
section. 


(113.) The dimensions contained in the preceding 
Table will enable us to obtain the displacement, both by 
the vertical and horizontal sections into which the ship 
lias been divided. If we adopt, in the first place, the 
vertical sections, the area of each must l>e found between 
the loud water line W to, and the lowest horizontal line 
which has been drawn, by means of one of the formula: 
before given ; and to this must be added the small areas 
below the last-mentioned line, consisting of the remain¬ 
ing curvilineal areas of the section, together with the 
areas of the sections of the keel and false keel. These 
results will enable us to obtain the entire half areas of 
all the vertical sections from E to F. If now either of 
the formulas be applied to the successive areas, the half 
displacement will be found between the foremost vertical 
section F J\ and the aftermost E e. The solids before 
the section F/, and abaft the section E e, are then to 
be separately computed by applying one of the formulte 
to the small horizontal areas at the extremities. These 
three solids added together will give the half displace¬ 
ment by means of the vertical sections. 

(114.) To give an example of the mode of computing 
one of these vertical sections, we take tiie main section 

I 

0 . This section, in common with all the others, it has 

been found convenient to divide into two portions, deno¬ 
minated the vpper and lower spaces, for the purpose of 
ensuring greater accuracy in the computations, the hori¬ 
zontal sections being estimated at the interval of one 
foot for the former, and 0.25 feet for the latter. We 
shall apply to these spaces the first formula. 


Upper Spacr. 

Extreme Ordinates, Even Ordinates. 

1.... 24.9 2....25.00 

5 20.39 4 28.08 

45.29 = 2 4s7o8 


Odd Ordinates. 

3 _ 24.65 

2 


49.30 = 28 


192.32= 4 S 


and since - = 1 , we shall have 
3 

(2 + 4S + 2*) j ss (45.29 + 192.82+ 49.8) x l 

*9 

as 286.91, 

which is the semi area of the upper portion of the main 


Lower Space. 


Extreme Ordinates. 

Even Ordinates. 

Odd 

Ordinates. 

1. 

.20.39 

2. 

. .19.50 

8. 

. .18'54 

11.. 

. 1.62 

4. 

. .17.64 

5. 

..16.42 


22.01 = 2 

6. 

8. 

. .14.95 
. . 9.90 

7. 

9. 

..18.24 
. . 4.70 



10. 

.. 2.85 


52.90 




64.54 


2 




4 


105.80 




239.36 as 4 S 
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a^uvu* at- _ , I A . , 

chitecture* and since - = j, we snail nave 

(2 + 4S+2*) | =(22.01 + 259.36+ 105.8) Xj 

= 96.79, 

which is the semi area of the lower portion of the main 
section. 

lienee the entire semi area of the main section will 


consist of the 

Semi area of the upper space .... — 286.91 

Semi area of the lower space.... = 96,79 

Semi area to the keel. = 0.79 

Semi area of the section of the keel = 1.44 


Semi area of the main section.... = 385.93 


(115.) In this manner may the semi areas of all the 
vertical sections be obtained, the successive results of 
which are entered ip the lowest horizontal line of the 
Table. 

(116.) To apply these semi areas for the purpose of 
finding the displacement, it may be remarked, in the 
first place, that the ship being divided transversely into 
three portions, denominated the middle body, the after 
body, and the fore body, the solidity of each must be 
computed. 

Middle Body, or part comprised between the vertical 
sections E e, F f 

The solidity of the middle body we purpose cal¬ 
culating by means of the formula 

(S + 2 P + 3 Q) 

O 


Extreme Areas. 

Second Class 
of Areas. 

Third Class 
of Areas. 

1.. 101.72 

4. .224.11 

2. . 145.51 

28..151.52 

7. .312.49 

3. . 186.03 

253.24=8 

10..359.87 

5. .258.25 

13. .380.S9 

16..385.93 

6 . .288.09 
8 .332.15 


19..375.69 

9..347.48 


22. .346.07 

11 .368.57 


25. . 284.25 

12. .375.77 


2669.30 

O 

14..383.83 
15. .385.49 


A 

5338.60= 2 P 

17.. 384.04 

18.. 380.16 
20. . 368. 18 

21.. 358.42 

23.. 330.17 

24.. 309.67 
26. .251.31 

27.. 207.11 



5660.23 


3 

169g0.69= 3 Q 
3 i 

and since — =b 2.25, we shall have 
o 

(S + 2P + SQ) ^ = (253.24 + 5338.6+16980.69) 
8 

X 2.25 = 50788.1925, 

which is the half displacement of the middle body. 


Fore Booy, or part before the vertical section F f. N»**l Ar- 
We shall compute this by the same formula. ehitecture. 

Extreme Areas. Even Areas. Odd Areas. 

1.. .151.52 2. ..118.41 3. ..79.76 

5.. . 4.96 4.. . 37.97 2 

156.48= 2 156.38 159.52 = 2s 

- 4 - 

625.52 = 4S 

i 

and since - = 1 , we shall have 

(2 + 4S + 2*)^ = (156.48+ 625.52 + 159.52) 

X 1 = 941.52, 

which is the half displacement of the fore body. 

After Body, or part abaft the, vertical section E <■. 

This we shall compute by moans of the formula 
<2 + 4S + 2,)i. 

Extreme Areas. Even Areas. Odd Arens. 

1.. . 101.72 2...87.81 3...72.63 

7.. . 15.71 4...57.8S 5...41.94 

Tl7743 = i; 6 -- ' 25 5 0 H+i? 

- 171.19 2 

_ i 229 + 4 = 2* 

684.76 = 4S —■ ' 

and since -r = 0.61, we shall have 
3 

(2 + 4 8 + 2*) 5 = (117.43 + 684.76 + 229.14) 

3 

X 0.61 = 629.113, 

which is the half displacement of the after body. 

(117.) Hence the whole semi displacement will con¬ 
sist of the 

Half displacement of the middle body... = 50788.19 

Half displacement of the fore body. =r 941.52 

Half displacement of the after body. = 629.11 

Hulf displacement of stern port and rudder = 87.46 

Half displacement of head before the ) _ ., ,, 

rabbit.f “ 14 14 

Half displacement of the ship. 52460.42 

(118.) Such is the mode of computing the displace¬ 
ment by means of vertical sections. Let us now pro¬ 
ceed to estimate the same by means of horizontal sec¬ 
tions. To accomplish this, the area of each horizontal 
section must be found, and we select as an example 
that of the load water line. 

(119.) This load water line* is divided, by means of Example uf 
the assumed points EF, into three portions, denomi- an hut i/ou- 
nated the middle space, the fore space, and the after tal 
space. The area of each of these must be computed by 
means of the proper formula. 

Middle Space, comprised between the points E F. 

This portion we shall compute by means of the formula 

(S+2P+3Q) 


* We add in e note the absolute arena in feet of the light and 
3 it 2 
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^iX'.fro. Ordinates. 

1.. 16.05 
28.. 18.55 


34.6U =S 


Second Class of 
Ordinates. 

4.. 22.70 

7.. 24.48 

10.. 24.90 

13.. 24.90 

16.. 24.90 

19.. 24.84 
.24.70 
.23.72 

195714 
2 


Third Class of 
Ordinates. 


22 . 

25. 


2 . 
3 . 

5. 

6 . 
8 . 
9. 

1 I . 
12 . 

14. 

15. 
17. 


.19.31 
.21.33 
. 23.60 
.24.13 
.24.72 
.24.85 
.24.90 
. 24.90 
. 24.90 
.24.90 
.24.90 


890.28=21*18 ..24.85 


20 

21 

23 

24 
26 
27 


..24.83 
, .24.76 
..24.53 
. .24.23 
.22.87 
.21.18 

429.69 

3 


1289. 07 = 3 Q 
3 i 

ami since — = 2.25, we shall have 

O 

(S-f 2P+3Q) j = (34.6 -+• 390.28 + 1289.07) 

X 2.25= 1713.95 x 2.25 = 3856.3875, 
which is half the area of the middle space. 


load water lines for the Reveral classes of ships, together with tho 
proportional numbers, assuming the area of the light water line at 
100 . 


Clnm of Ships. 

Area in 
Feet of 
the Light 
Water 
line. 

Area in 
Feet of 
the Load 
Water 
line. 

Proportional 

Numbers. 


120 

8662 

10096 

100 

117 


80 

7409 

9065 

100 

122 


74 

6120 

7517 

100 

117 

Rax£e.. 

50 

6016 

7190 

100 

120 


52 

5436 

6777 

100 

125 


40 

3920 

5143 

100 

131 

Kuxee corvette .. 

2fi 

3753 

4734 

100 

126 


28 

2774 

3144 

100 

113 

Corvette. 

18 

2376 

2960 

100 

125 

(i un-brig. 

18 

1911 

2392 

100 

125 


10 

1488 

1842 

100 

124 

Schooner. 

... 

1118 

1447 

100 

129 

Cutter. 

... 

924 

1200 

100 

130 

NrW Cl.A S3 OF SltlFB. 

London ........ 

02 

8484 

9866 

100 

116 

Castor. 

36 

4S40 

6036 

100 

125 

Vernon ........ 

50 

6198 

7782 

100 

126 

Rover. 

18 

2187 

3034 

100 

139 

Snake.. . . 

16 

1760 

2401 

100 

136 


Here it may he remarked, that the ratios of the areas of the light and 
load water lines are precisely the same in the 120 and 74-gnn slops, 
and that the new class of tho London approaches extremely near to 
them. The Rule corvette of 26 anil the new class Vernon are 
likewise identical in this particular. Tho 5'2-gun ship, the Castor 
of 36, the 18-gun corvette, and the 18-gun brig, are also precisely 
the same. Tne nearest approach to equality in these arcus is in 
the corvette of 28 guns, and the greatest disparity exists in the 
new class of the Rover of 18 guns. 


Foiie Space, or part before the point F. 

This portiou we shall compute by means of the for¬ 
mula (2 + 4S-f 2*)-i 

Extreme Ordinates. Even Ordinates. Odd Ordinates. 

1 . .18.55 2.. 16.40 3. .13.30 

5.. 0.80 4.. 8.72 2 

19.35 = 2 25.12 26.60 = 2 * 

- 4 - 

100.48 ss 4 S 

and since ^ =1, we shall have 

O 

(2 + 4S+2I) jj- = (19.35 + 100.48 + 26.60) 

X 1 = 146.43. 


If to this there be added the area of the section of the 
stem and knee-head, amounting to Til.63, we shall have 
for the total semi area of the fore space, the quantity 
149.06. 


After Space, or part abaft the point E. 


This portion we shall compute by the same formula. 
Extreme Ordinates. Even Ordinates. Odd Ordinates. 


1. ..16.05 2. ..14.69 3 ..12.97 

7... 0.80 4...10.60 5... 7.51 

16785 = 2 6 - ' • 3,8 ° 20.38 

- 29.09 2 


_ 1 40.76 = 2 * 

116.36 = 4S- 

ond since — = 0.61, \vc shall have 

«s 

(2 + 4 S + 2*) - = (16.85 -f 116.36 + 40.76) 

tJ 

X 0.61 = 106.1217. 

If to this there be added the area of tile section of the 
post and rudder, amounting to 3.6, we shall have 
109.7217 lor the total semi area of the fore space. 

(120.) Ilcnce the entire semi urea of the load water 


line will consist 

The semi area of the middle space. .. = 3856.3875 

semi area of the fora space.= 149.06 

semi area of the alter space .... = 109.7217 


semi area of the load water line . = 4115.1692 


Naval Ar¬ 
chitecture. 


(121.)' In the same way may the semi areas of all the 
other horizontal sections he obtained, the successive re¬ 
sults being entered in the last vertical column of the 
Table. 

To apply these areas to the displacement, it is to be 
remarked, that the body of the vessel is supposed to be 
divided into two portions, denominated respectively the 
upper hotly and the lower body, each of widely we shall 
proceed to compute. 

* Upper IIody. 


Extreme Areas. Even Areas. 

1 . 4115. 17 2. . 3884.75 

5. .2450.67 4. .3028.73 

6565.84 =2 6913.48 

- 4 


27653.92 


Odd Arras. 

5..3510.34 


7020.68 


4 S 
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Naval Ar- ,• 

chitectiira. and since — = 1 , we shall have 

(2+ 4 S + 2»)~ = (6565.84 + 87653.92 

+ 7020.68) X 1 = 41240.44 
for the semi displacement of the upper body. 

In like manner we proceed to the computation of the 


Lower Body. 


Extreme Areas. 

Even Areas. 

Odd Areas. 

1..2450.67 

2 . .2290.92 

3. .2128.97 

2 . 235.65 

4.. 1977.61 

5. . 1783.96 

2686.32 = 

v 6 . .1591.72 
~ 8 .. 1033.54 

10.. 392.99 

7. . 1356.64 
9.. 615.79 


5885.36 


7286.78 

2 


4 

29147.12 = 4S 

11770.72 


and since ~ = 0.25, we shall have 

<5 

(2 + 4 S 4-2*) ~ =(2696.32+29147.124-11770.72) 

X 0.25 = 10901.04 cubic feet 
for the semi displacement of the lower body. 


(122.) Hence the whole semi displacement by hori- Naval \r. 
zontal sections will be chitectiim. 

Semi displacement of upper body.... = 41240.44 * 

Semi displacement of lower body.... s= 10901.01 
* Semi displacement of solid below 

lower body. — jp 7 _ 13 

Semi displacement of keel and rudder, — 217.1H 

Semi displacement by horizontal see-4 ~ 

tions... f ~ 524Co./9 


(123.) To ensure accuracy, a mean of the displace- A menu of 
ments calculated by the vertical and horizontal sections the vertical 
should be taken, amounting in the present instance to Hn,t h,,ri ' 
52463.1. Hence the whole displacement will be 
104926.2; or dividing by 35 the number of cubic feet i, e tukerV.'' 
of sea-water in a ton, the absolute displacement in tons 
will be 2998.89 tons. 

(124.) To show in what way the displacement is Table to 
made up by the different weights, constituting the hull ** M,W 
and stores, &c. of each vessel, we have drawn from Mr. 

Edyc’s Naval Calculations the following important pur- placement 

titulars. „ made up. 


Weight of the various Articles composed in the Hull of each Ship and Vessel .f 


Number of guns .... 

120 

80 

74 

llftfll*. 

50 

52 

46 

Ru7.CC 

Corvette. 

26 

28 

Corvette. 

18 

Hrlg. 

18 

Brig. 

10 

Schooner. 

Cutter. 


Ton*. 

Cwt. 

Tons. 

Cwt. 

Ton*. 

Cwt. 

Tons. 

Cwt. 

Tons. 

'wt. 

Ton*. 

Cwt. 

Tons. 

Cwt. 

Toiin. 

Cwt. 

f«n». Cwt. 

Ton*. 

Cwt. 

i'flllS. 

'wt. 

Ton*. Cwt. 

Tons Cwt. 

Weight of timber . • 
— iron. .. 

2197 

10 

1(153 

ii 

1406 

2 

1255 

10 

904 

0 

I#1 

13 

615 

6 

U58 

ii 

238 

0 

175 

4 

132 

18 

H9 

11) 

68 

12 

136 

0 

119 

10 

109 

4 

96 

13 

67 

0 

53 

7 

39 

0 

23 

5 

10 

15 

15 

11) 

8 

0 

7 

III* 

5 

1* 

—copper bolts. 

47 

14 


0 

37 

13 

36 

13 

23 

0 

15 

0 

13 

EIK 

8 

5 

5 

2 

4 

17 

3 

11 

2 

15 

1 

17 

— copper sheets (1.) 

17 

19 

14 

12 

12 

14 

11 

18 

11 

7 

9 

4 

7 

14 

5 

10 

5 

2 

3 

19 

3 

3 

2 

12 

2 

1 

— mixed metal nails 

■2 

18 

2 

5 

2 

2 

1 

14 

1 

18 

1 

12 

1 

10 

0 

IB 

1 

1 


124 

0 

10* 

0 

Wl 

0 

til 

— pintles and braces 

2 

11 

2 

3 

1 

15 

1 

15 

1 

15 

1 

9 

1 

0 

0 

11 

0 

>>i 



0 

5 

0 


0 

■n 

— lead of all sorts . . 

9 

0 

8 

9 

8 

0 

7 

10 

7 

2 

5 

4 

4 

9 

4 

10 

4 

7 

4 

2 

3 

0 

2 

3 

1 1 

2 

— oakmn. 

16 

1 

13 

10 

11 

10 

9 

7 

6 

10 

4 

18 

4 

1 

4 

0 

3 

12 

3 

o 

2 

0 

T 

12 

! i 

8 

— barrels of pitch (‘2.) 

5 

7 

4 

6 

4 

12 

3 

18 

3 

17 

2 

18 

1 

17 

1 

5 

1 

3 

1 

4 

0 

15 

0 

15 

0 

ii 

— barrels of tar (3.) 

11 

13 

11 

7 

11 

5 

11 

5 

7 

D 

4 

13 

4 

2 

2 

H 

1 

18 

1 

15 

0 

15 

0 

>1] 

0 

lot 

— whiting andwhitel 
lend./ 

9 

10 

6 

12 

6 

8 

6 

8 

4 

12 

o 

12 

2 

7 

2 

H 

1 

12 

1 

5 

0 

15 

0 

13 

0 

5 

— linseed oil (4.) . . , 

1 

5 

1 

5 

1 

5 

1 

5 

1 

1 

0 

18 

0 

16 

0 

6 

0 

•M 

0 

3 

0 

2 

0 

11 

1 0 


— three coats of paint 

9 

10 

4 

16 

4 

5 

4 

2 

3 

10 

2 

15 

2 

8 

2 

2 

1 

15 

1 

13 

0 

13* 

(1 

‘■'1 

0 

'"l 

Ship’s weight whcMil 
launched./ 

24CG 

18 

1882 

6 

1616 

15 

1447 

18 

1012 

12 

795 

3 

698 

D 

413 

17 

281 

3 

213 

10 

156 

8 

10'# 

6 

! &2 

7 


* It ij but rarely that the load water line is parallel to the keel, 
and the same may be said of the light water line. In the different 
classes of ships which follow, the excess of the alter load draught 
above the forward load draught is given in the second culuinu, amt 
similar differences of tho light water draught are recorded in the 
last. 


Class of Ships. 

Excess of lifter Innd 
draught above for- 

Excess nf nfterlond 
draught nhove for- 

120 

ward load draught. 

Ft. In. 

1 5 

ward light draught. 
Ft. In. 

.2 4 

80 

3 

3 

4 

7 

74 

2 

10 

4 

1 

52 

i 

0 

2 

10 

46 

i 

8 

4 

9 

28 

0 

5 

2 

2 

Corvette .. 18 

0 

7 

l 

10 

Brig ... .,18 

3 

.1 

4 

10 


Kxcrs. of after lorn! Kxcre of after lone! 

Clast of Ships. draught .shove for- draught starve for¬ 
ward loud draught. ward light drought. 



Ff. 

In. 

Ft. 

III. 

Brig.10 

i 

i 

2 

5 

Schooner..10 

2 

6 

2 

1 1 

Cutter. 

6 

10 

6 

6 


Iii every instance, excepting tho cutter, the difference of the 
after and forward light water draughts exceeds the difference of I be 
corresponding load water draughts. In calculating the load or 
light displacements, it is manifest in carrying down the successive 
horizontal planes, that a portion of the vessel must ..tin, re¬ 

quiring a separate computation, in all cases where tho two draughts 
of water are not precisely the same. Actual 

f We throw into a note some numerical results connected with the weight of 
weights contained in the preceding Table, on account uf their great certain im- 
importaoce to the ship-builder. Such results illustrate in a high poitant vie- 
degree the statistics of ship-building, and are also of great value in ments. 
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Naval Ar- freight of the. Masts and Yard #, and of the Spare Gear, Rigging, and Blocks, of the Sails, Cables, and Anchors, 
el mvctufe. Water, Provisions, and Men ; of the Powder; Gunner's, Boatswain's, and Carpenter's Stores; of the Guns and c 1 c 
Shot, and weight of the Boats when JiUed for Foreign Service. 


Toim. Cwt ron« Cwt 



4 12 

2 ir> 

1 S 

0 1H 

4 n 

4 12 

4 7* 

j 3 8 

0 1U 

! on 

2 5) 

2 10 

0 16 

0 16 

o’is 

o’i.ji 

0 7| 

0 44 


(125.) As the various particulars contained in the pre- when launched, and the other the different weights re¬ 
ceding Table are necessarily separated into two great ceived on board, we throw their aggregates into the suc- 
divisions, one of which comprises the weight of the hull ceeding Table. 


assisting the computer in estimating the amount of actual expenditure, a matter of the greatest moment to a Naval Country, and 
particularly so at a time when such gigantic vessels are constructing. 
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Number of Guni.. • 


Weight of the hull 
when launched .. 
Weight received on 
board .... 


Total weight whenl 4 g 09 3 3606 0 

complete. . | 




Rasas 

Corvette. 

46 

26 

Tom. Cwt. 

Tons. Cwt. 

795 3 

I 

698 0 

670 9 

582 0 



6 2110 8 1465 12 1280 0 784 8 607 19 456 8 282 14 204 3 158 15 


Seasoned, 
lbs. 01 . 
43 8 
36 0 


(126.) In the following Table will be found the weight 
Weight of a cu j,j c fjxrt 0 f timber in a green and seasoned state, at 
of timber* 0 present used in ships and vessels of war, derived also from 
green and Mr. Edye’s Naval Calculations. This Table will assist 
seasoned, the ship-builder in determining the weight of the timber 
materials necessary in computing a ship’s displacement. 

Green. Seasoned. 

Names of Timber. lbs. 01 . lbs. os. 

English oak . 71 10 43 8 

Dantzic oak . 49 14 36 0 

African teak. 63 12 60 10 

Indian teak, green or, Ma , aW 52 15 

seasoned, about the l Ra 26 4 

same . J 0 

Indian mast peon. 48 3 36 0 

Cedar. 32 0 28 4 

Larch. 45 0 34 4 

Riga fir. 46 12 35 8 

New England fir. 44 12 30 11 

Elm. 66 8 37 5 

Beech. 60 0 53 6 

Ash. 58 3 50 0 

The Malabar teak is the heaviest, and the Rangoon 
the lightest of all Indian teaks used in ship-building. 

The average weight of the timber materials in a ship 
or vessel of war is about 50 pounds to the cubic foot; 
and for the masts and yards about forty pounds. 

Displace- (127.) It is often necessary to know the amount of 
ment of an the displacement for a single inch in depth, both at the 
inch at light light and load water lines. In like manner, it is useful 
and load wa- j 0 k now the displacement of one foot of the midship 
ter line#. sert j OI , a t the same lines. The results for the different 
classes of ships in tons arc inserted in the next Table, 
from Mr. Edye’s Naval Calculations. 


Class of Ship. 

e 

« 

B 

S 

it 

ss 

oj au 

e 

E 

s- 

3 9 } 

a .5 

u — 

|1 

cof'S 

4t ^ «e 

i 3 d 

JsSgS 

S*.S\3 

ttwdsl 

It 6 Big 



0 . 

4D 

Q 

O V 

•sfl 

Ok 

JS 

P 

o’" 

0 -5 

flli'fS, 

5 0 -5 £ a 

S ’5 
So- 

§11 


Guns. 

Tons 

Cwt. 

Tons 

Cwt. 

Tuns 

Cwt. 

Ton* 

Cwt. 


120 

20 

12 

24 

0 

Iti 

to 

20 

17 


80 

17 

12 

21 

11 

15 

18 

26 

13 


74 

15 

5 

17 

17 

12 

7 

21 

3 

Raz6e .. 

.... 50 

14 

6 

17 

2 

11 

14 

18 

4 


52 

12 

18 

16 

2 

8 

9 

17 

6 


46 

9 

G 

12 

5 

8 

4 

14 

4 

Raz6e corvette 2G 

8 

18 

11 

10 

6 

10 

12 

15 


28 

6 

12 

7 

9 

5 

1 

9 

7 

Corvette 

.... 18 

5 

13 

7 

<>i 

3 

10 

7 

5 

Uun-brig 

.... 18 

4 

10 

5 

13 

3 

11. 

G 

10 

10 

3 

10 

4 

7 

2 

10 

4 

ft 

Schooner 

f* ,-T- 

2 

13 

3 

10 

1 

13 

3 

6 

Cutter .. 

. 

2 

4 

2 

17 

2 

4 

3 

15 



tfisw 

CfaAfl 

s or 

Ship 

9. 




Loudon . 

.... 92 

20 

4 

23 

9* 

1G 

0 

27 

2 

Castor .. 


u 

12 

14 

7i 

9 

144 

12 

12 

Vernon . 

.... 50 

14 

15 

18 

10} 

10 

14} 

19 

12 

1 Rover .. 

... 18 

5 

4 

7 

5 

4 

2 

7 

2 

1 Snake .. 

.... 10 

4 

8 

5 

JiL 

4 

0 

6 

m 


(128.) It may also be useful to advert to one or two Displace- 
cireutnstances more which influence the amount of dis- ,m '" t 
placement. In what we have before said, the consider- ^jJion o7 
ation has been limited to the conditions of a ship at rest the ship ami 
in still water; but it has been observed, that when the tide, 
ship and the water are relatively in motion, either by the 
ship being at rest, and the water in motion, or by the 
ships moving and the waters being at rest; or again 
by the^ ship and water moving witli unequal velocities 
or in different directions, the depth to which the ship 
sinks must be determined in connection with other con¬ 
siderations. When a vessel is at anchor also in a strong 
tideway, or at sea under a press of sail, she must sink 
several inches deeper than when at anchor in still water. 

Homme observed a frigate which was lushed to a sheer 
hulk in the river Charente sink two inches deeper when 
the velocity of the stream was great, than when its 
motion was only just sensible. 

(129.) This may be accounted for on the principle, How ac- 
that when a particle of water is impressed with motion, counted for. 
and passes along the surface of a body, it no longer 
exerts a pressure equally in all directions, as in the case 
of water in a state of rest, but has a greater tendency 
to escape in the direction of its motion than any other, 
and hence causes a less vertical pressure on the surface 
of the body than when at rest The total pressure of 
the particles of water in contact with the body being less 
than before, and having been, when at rest, exactly 
equivalent to sustain the body, that body must of ucccs* 

Bity sink deeper, until a balance is obtained between the 
vertical pressure and the weight. The pressure of a 
Particle of water in motion is proportional to its depth 
below the surface of the water, minus the depth due tn 
the velocity estimated in the direction of its motion. 

Bernoulli, the Abbe Bossut, and Ronitne proved these 
principles by experiment.* 

* The following simple And derisive experiment was made hy 
Romme. lie had two tulxn, one of them straight, iuo^, and the 
other curved, as c d c, fig. 4 , but both having open ends, and ca¬ 
pable of receiving a float, g f the lower part of which was cork, and 
the upper a graduated rod. These tubes with their floats were first 
plunged into still water, and the divisions corresponding with the 
upper orifices of the tubes observed. The tubes were then placed 
in running water, the current heing in the direction A i, and 'lie 
bent tube c <1 e, with its lower end turned in the same direction. 

The floats in both tubes were then observed to have sunk an inch 
below their position in still water. The bent tube wes in the next 
place turned eo as to present its orifles to the current, when the 
float rose an inch above the position it hed in still water. The 
same tube was then placed with the lower end perpendicularly to 
the direction of the current, when the float sunk an inch below its 
position in still water. Homme measured the velocity of the cur¬ 
rent, and (bund the water ran 70 feet in 90", or that its velocity 
teas that due to an inch and a line nearly, corresponding with tho 
distance the floats in ths tubas were elevated or depressed in the 
experiments. Other experiments in currents of diflerent velocities 
produced similar results. In some instances the depression and 
elevation of the floats were ss much a# Sve or six inches, bring al¬ 
ways the height due to the velocity of the current. He ascertained 
also that tlie result* were the same, to whatever depth tho tidies 
were plunged into the water. 
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Naval \ 
clutecture. 


DdKrcnec 
ol limner- 
hiun of 
►Ilips in 
fresh ami 
b.ilt water. 


(130.) It is but seldom a ship of war floats in fresh 
water, though a merchantman uiny oflen do so. We, 
however, insert in the next Tablqthe difference in the 
immersions of several ships in fresh and sea water, and 
from which it appears, that a ship of 1*20 guns sinks 
nearly six inches deeper in the former than in the latter. 
The difference also produced in the two load lines from 
the two specific gravities is worthy of attention. In the 
ship just adverted to, it amounts to 143 tons 8 cwt. 
In the last column we have given the quantity necessary 
to raise or immerse the ship an inch at the load or sea 
line. This useful Tabic is due also to Mr. Edye. 


fc* ■ 

a * 

U 

S ° 

•fi i* 

*3 2 

(U G 

5 

Si 1C 

s g 

1 “ e 

F 5 S 

ie j. 9 
at S'X 

fSS.3 

Difference in the two 
I/O oil Lilies from the 
Specific (Gravity of 

F resh and Sail YVute r. 

Quantity to raise 
or immerse the 
Ship an Inch at the 
Load or Sea Line. 

No. 

I ill 1 hen. 

Tuns. Cwt. 

Tons. Cwt. 

120 

tjT 

Equal to 143 8 

24 0 

74 


93 14 

17 17 

■16 

3 i 

45 6 

12 5 

•28 

3] 

24 6 

7 9 

18 

31 

14 6 

5 13 

10 

2i 

9 6 

4 7 

Cutter. 

n 

5 2 

2 17 


Displace- (131.) The displacement may be deduced from the 
'j'ic'mI friim specific gravities of the water in which a vessel 

ditletvnt floats. For suppose s and .f to be the specific gravities 
specific (jra- of fresh and salt water, and D and D'tlie correspond- 
'itieyoftva- iug displacements; then by a well-known principle in 
,er ' Hydrostatics 

D * = D' s', 
and $ : *' : : YV : D. 

lienee s : s' :: D-D' : D. 

N()Wi since it requires the application of u given weight 
to change the displacement D' into D, it is manifest 
the actual displacement may be found by knowing this 
weight, and the values of s and s'. Thus suppose it 
required an additional weight of 25 tons to bring a ves¬ 
sel down, when floating in salt water, to the load line 
she possessed when swimming in fresh water, a cubic 
foot of the former weighing 1026 ounces, and of the 
latter 1000, we shall have 


on. os. tons. tons. 

26 : 1000 :: 25 : 961.54 

for the actual amount of the displacement sought. 


On the Centre of Gravity of the Displacement. 

(132.) In attempting to find the centre of gravity of 
the displacement, a point involving so many important 
considerations with regard to the stability, it is manifest 
when the vessel is flouting in equilibrium, that it must 
be somewhere found in the vertical longitudiuol section 
which passes through the middle of the sternpost and 
stem ; and that the question becomes therefore reduced 
to the finding its position with regard to two coordinate 
planes, one of which has refereuce to the position of the 
point with regard to the length of the vessel, and de¬ 
noted by E e in the figure, and the other with regard to 
its depth below the other coordinate plane W to. 

(133.) We have alreudy explained in our Treatise on 


M ec hanics, a mode by which this may be accomplished Naval Ar " 
with respect to both of the planes just mentioned, by c decline.^ 
what is termed the theory of moments; and it is ob- |j ow ; tmuy 
vious that with regard to the position of the centre of ^ found. T 
gravity of the displacement longitudinally, we shall have 
three separate computations to make, two relating to 
the middle and fore bodies of the vessel, and to be 
esteemed positive , and a third as respects the afler body, 
to be regarded as negative. The general Table of 
ordinates will furnish us with the necessary elements 
for this purpose. 

(134.) To estimate the moment of the middle body, 
we must, in the first place, obtain the resulting pro¬ 
ducts recorded in the last column of the next Table. 


Number of 
llie Trnnwverne 
Vertical 
Sections. 

Half Arens of the 

Distances of the 


Vertical Sections 
comprised be¬ 
tween the Sec¬ 
tions 1 and 2S. 

Vertical Sections 
from the Pri¬ 
mitive Section 
Us, 

Resulting 

Products. 

i 

101.72 

0 

0.0 

2 

145.51 

6 

873.06 

3 

196.03 

12 

2232.36 

4 

224.11 

18 

4033.98 

& 

258.25 

24 

6198.00 

r, 

288.011 

30 

8642.70 

7 

312.49 

36 

11249.64 

8 

332.15 

42 

13950.30 

!) 

347.48 

48 

16679.04 

10 

359.87 

54 

19132.98 

n 

368.57 

60 

22114.20 

12 

375.77 

06 

24800.82 

13 

380.89 

72 

27424.03 

14 

383.83 

78 

29938.74 

15 

385.49 

84 

32331.16 

16 

385.93 

90 

31733.70 

17 

384.01 

96 

36867.84 

IS 

380.18 

102 

33778.36 

19 

375.69 

108 

40574.52 

20 

368.18 

114 

41972.52 

21 

358.12 

120 

430)0.40 

22 

346.07 

126 

43604.82 

23 

330.17 

133 

43582.44 

24 

309.67 

138 

42734.46 

25 

284.25 

144 

40932.00 

26 

251.31 

150 

37696.50 

27 

207.11 

156 

32309.16 

23 

151.52 

162 

24546.24 


And to apply these resulting products to the formula 
(S + 2r-f 3Q) 

o 

we shall further obtain 


Extreme Products. 
1 ... 


Second Class of 
Products. 


Third Class of 
Products. 


0.0 

4... 4033.98 

2. 

.. 873.06 

24546.24 

7... 11249.61 

3. 

.. 2232.36 


10...19132.98 

5. 

.. 6198.00 

24546.24 

=S 13...27424.08 

0 . 

.. 8642.70 


16...34733.70 

8. 

..13950.30 


19...40574.52 

9. 

...16679.04 


22...43604.82 

11. 

..22114.20 


25...40932.00 

12. 

..24800.82 



14. 

..29938.74 


221985.72 

15. 

..32381.16 


2 

17. 

..30867.84 


______ 

18. 

..38778.36 


443971.44= 

2P20. 

..41972.52 



21. 

..43010.40 



23. 

..43582.44 



24. 

..42734.46 



26. 

..37696.50 



27. 

..32309.16 




474762.06 


1424200.18 = 3Q 
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cwlture. anJ since ^ = 2.25, weehall have 

mm/ 8 

(S + 2P +3Q) ^ ** (24546.24 + 443971.44 
8 

+ 1424286.18) x 2.25 = 425S80S.685 

for the moment of the half middle body. 

(133.) To compute, in the next place, the moment 
of the fore body, it is to be observed that the dis¬ 
tances of the successive vertical sections in it must still 
be estimated from the primitive plune Ee, and there¬ 
fore gives for the interval between the section passing 
through the point 2 in the fore body, and that plane, 
165 feet. Hence we shall obtain the following result- 


ing products. 




Number of Ihe 
Transverse Ver¬ 
tical Sections. 

Half Arena of the 
Vertical Sections 
comprised between 
the Sections Yf 
uud 5. 

Distance* of 
the Vertical 
Sections from 
the Primitive 
Section £ b. 

Resulting 

’Product*. 

28.1 

151.52 

162 

24546.24 

2 

118.41 

165 

19537.65 

3 

79.76 

163 

13399.68 

4 

37.97 

171 

6492.87 

5 

4.96 

174 

863.04 


To apply these resulting products to the formula 


(- + 4 S -f- 2 *) g. 


we shall have 

Extreme Products. 

1.. 21546.24 

5.. 863.04 


Even Products. 

2. . 19537. 65 
4.. 6192.87 


Odd Products. 
3..13399.68 
2 


25409.2S-2 


26030.52 

4 


26799.36s 2s 


104122.0S=4S 


To apply these resulting products to the formula 
(2 + 4S+ 2 .) 1 , 

we shall have 


Nuvut Ar¬ 
chitecture. 


Extreme Products. Even Products, 


1 .. 
7. . 


0.0 

2 . . 

.160.69 

172.5 

4.. 

. 317.76 

172.5=2 

6 .. 

.143.29 



621.74 


4 


2486.96 = 


Odd Products. 

3.. .265.83 
5. • .307.00 

572.83 

2 

1145.66 = 2* 
48- 


and since j =0.61, we shall have 

(2 + 4 S + 2*)i = (172.5 + 2186.96 + 1145.66) 

xO.Gl = 2321.1232, 

whicli is the moment of half the after body exclusive of 
the post, and rudder. And since the moment of the 
po't and rudder amounts to 1141.35, we shall have for 
the entire moment of the semi after body, the quantity 
3462.4732. 

(137.) Now since by the conditions of the primitive 
plane Hr, the moments of the middle and fore body arc 
regarded as positive, and that of the after body is 
negative, we shall have for the absolute amount of the 
moments. 


Moment of the half middle body. . = -f 425S80S.6S5 
Moment of the half fore body. ... = 4- 15^805.36 

4 44.7inT.04r 

Moment of the semi after body .. = — 3462.4732 

Absolute amount of the moments . = + 44 1 41 51 .57 1 3 


and since - = 1, we shall have 
3 


(2 + 4 S + 2*) - = (25409.28+ 104122.08 

u 

+ 26799.36) X 1 = 156330.72 

for the moment of the half fore body, exclusive of the 
kuce of the head amounting to 2474.64. Hence the 
entire moment of the half fore body will amount to 
158805.36. 

(136.) To estimate the. moment of the afterbody, 
the distances of the vertical sections in it must in like 
manner be estimated from the same primitive vertical 
section Ee. This will give the resulting products in 
the last column of the next Table. 


Number of 
Transverse Ver¬ 
tical ScctiouH. 

Half Aren* of 
the Vertical 
Sections com¬ 
prised between 

E e and 7. 

Distances of 
the Vertical 
Sections from 
the Primitive 
Section £ «. 

Resulting 

Products. 

• 

l 

101.72 

0.0 

0.0 

2 

87.81 

1.83 

160.69 

3 

72.63 

3.66 

265.83 

4 

57.88 

5.49 

317.76 

5 

41.94 

7.32 

307.00 

6 

15.66 

9.15 

143.29 

7 

15.71 

10.98 

172.50 


VOL. VI. 


(138.) And since by well-known considerations, the 
position of the centre of gravity with regard to the 
primitive vertical plane may he found by the formula 

M 

—, where M represents the sum of the moments, 

and D denotes the corresponding displacement, and 
that we huve already found D = 52460.42, we shall 
hence hnve 

M 4414151.5718 . . 

which is the distance of the centre of gravity of the dis¬ 
placement before the primitive section E e. And since 
the distance from this same section to the middle point Position of 
of the load water section is 81.50 feet, it is manifest the centre 
that the centre of gravity of the displacement is before "J K riv,t y 
the middle of the length of the loud water section, 
when measured from the after part of the rabbet of the to 
sternpost to the fore part of the rabbet of the stein, th# length, 
2.64 feet. 

(139.) To proceed in the next place to the eomputn- ami with 
tion of the depth of the centre of gravity of the dis-**> 
placement below the plane of the load water section, ,ludt T 
wc must compute separately the moments of the upper 
and lower bodies. The preparatory products for the 
former of these are given in the next Table. 

3 c 
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i ......... Number of the 

^' lU ' r Section*. 

Half Areas of the 
Water Sections. 

Dlutuncea of the 
Water Section* 
from the l.oacl 
Water Section. 

0 

Reuniting 

Products. 

1 

4115.17 

0.0 

2 

3884.75 

3 

11654.25 

3 

8510.34 

6 

21062.04 

4 

3028.73 

9 

27258.57 

5 

2450.67 

12 

29408.01 


Ami to apply these resulting products to the formula 

(S + IS+ 2*) i. 

we shall have 


Extreme Products. Even Products. 
1. . 0.0 2. . llf.o4.35 

5.. 20-108.01 -1. .2725H.57 


20108.01=1 


28912.82 

4 


Odd Products. 

3. . 21062.01 
2 


42121.08=24 


1 oofi.'.l. 28=IS 


and since—= 1, we shall have 

(2 + 4 S + 2 *) - = (29408.04 -f 155651.28 

+ 42124.08) x 1 =227183.4 

for the moment of the half upper body. 

(140.) Pursuing the same course for the half lower 
body, we shall in (he first place obtain the results of 
the next Table. 


Distnncps of the 


Number of the 

iTulf Arons of tin* 

Wuler Sections 

Recoiling 

Water Seit»on% 

Wilier Sections. 

from the. 1 o.ul 
Water Section. 

Products, 

l 

2450.67 

12.00 

29408.04 

2 

2290.9:2 

12.75 

29209.23 

3 

2128.97 

13.50 

28741.10 

4 

1977.61 

14.25 

28180.94 

5 

1783.96 

15.00 

26759.40 

6 

1591.72 

15.75 

25069.59 

7 

1356.61 

16.50 

22384.56 

8 

1033.54 

17.25 

17828.56 

9 

615.79 

18.00 

11084.22 

10 

392.99 

18.75 

7368.56 

11 

235.65 

19.50 

4595.17 


To apply these successive products to the formula 


(S+4S+24) *, 

we shall have 


Extreme Products. 

Even Products. 

Odd Products. 

1...29408.01 

2.. .29209.23 

3...28741.09 

11... 4395.17 

4...28180.94 

5...26759.40 


C... 25060.51 

7. ..22384.56 

34003.21 = 

2 8...17*28.56 

10... 7368.50 

9...11084.22 


88969.27 


107G5G.88 

4 

2 



177938.54 


430627.52 =43 


it 


and since - 


0.25, we shall have 


(1 -J- 4 S -f 2 *) 1 = (34003.21 -f 430627.52 
3 


Naval An 
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+ 177938.54) X 0.25 = 160642.3175, 

which is the moment of half the lower body, 

(141.) Hence the sum of all the moments of the 
immersed laxly will be: 


Moment of half the upper body. . . = -f- 227183.40 
Moment of half the lower body .. . = -}- 160642.3175 
Moment of half the solid below") _ 

the lower body.J — 

Moment of half keel, rudder,-&c... =-(- 6767.90 


Total sum of all the moments.. = + 396714.7875 


And since as before the fmiction — represents the dis¬ 
tance of the centre of gravity of the displacement below 
the assumed plane of the water section, we shall have 


M 

b 


396711.7875 

52460.42 


= 7.56 feet 


Its position. 


for that distance. 

(14.2) It forms a useful subject for investigation in Useful to 
many important points connected with ship-building, to compare 
be enabled to compare the centre of gravity of the 1 ’ 01 '* 1 .?” 1 ', 
load water section so often referred to, with the centre i ua ,j H : uter 
of gravity of the displacement, reckoned in the same section with 
horizontal direction; and also the centre of gravity of centre of 
the midship section, with the corresponding position of Bf a y*y 
the same point of the immersed volume. The same 
process must he employed (or obtaining the centre of 
gravity of the surface as for the solid ; and in the same 
manner as for the solid, the moments of the load water 
line must be separated into the middle space, the lore 
space, and the aller space, and each have its proper 
sigu of plus or Minus prefixed to it, according as it is 
situated with regard to the primitive section passing 
through the point E. 


Number 

Orrllrmtei of the 
Lend Wuler 
SeiXiuii In the 
Ml-ldlt* Space. 

■Distances of 
the Ordinates 


of the 
Ordinates. 

from the 
Primitive 
Ordinate K. 

HamiHlng 

Products. 

1 

16.05 

0 

0.0 

2 

19.31 

Cl 

115.86 

3 

21.33 

12 

25.5.96 

4 

22.70 

18 

408.60 

5 

23.60 

24 

566.40 

r. 

24.13 

30 

723.90 

7 

24.18 

36 

8S1.28 

8 

24.72 

42 

1038.24 

9 

24.85 

48 

1192.80 

10 

21.90 

54 

1344.GO 

11 

24.90 

60 

1194.00 

12 

21.90 

66 

1613,40 

13 

21.90 

72 

1792.80 

14 

21.90 

78 

1912.20 

15 

24.90 

81 

2091.60 

1G 

24.90 

90 , 

2241.00 

17 

24.90 

96 

2390. 10 

18 

24.85 

102 

2534.70 

19 * 

24.84 

108 

2682.72 

20 

24.83 

114 

2830.02 

21 

24.76 

120 

2971.20 

22 

24.70 

126 

3112.20 

23 

21.53 

132 

3237.96 

2t 

24.23 

138 

3313.74 

25 

23.72 

144 

3415.68 

26 

22.87 

150 

3430.50 

27 

21.18 

156 

3304.08 

•28 

18.55 

162 

3005.10 
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To adapt these resulting products to the formula 
(S + 2P + 3Q) 3 * 


we shall have 

Extremu 

Products. 

1 .. 0.0 

28. . 3005.1 


8 ’ 


7. 

30U5~T =s|^' 


Second Class 
of Products. 

4.. 408.fiO 
881.28 
1344.60 
1702.80 
1G .2211.00 

19.. 2682.72 
22. .311:2.20 

25.. 3415.68 


15878.S3 
2 


1 


31757.76 = 21‘ 18. 

- 20 . 

21 . 

23. 


2390.40 
2534.70 
2830.62 
2971.20 
3237.90 
21. .3313.74 

26.. 3430.50 

27.. 3304.08 


35107.56 

3 


for the moment of the fore space. Adding t 0 ( |,u ,| lc Naval A*, 
moment of the stem section amounting to 462.93, we chiteetunu 
shall have for the whole moinent of tile tine space the w 
quantity 24863.91. 


Third Class 
of Products. 

2.. 115.86 

(144.) lu the same way we must proceed for the mo 
tnents of the after space. 

OrdiiMtPft of llie T)Llniu'>'«»f Mir 

3. 

. 255.96 

Number of 

Load Wafer 

Onlin lies tioui 

llostiiiiuK 

5. 

. 566.40 

the Oulkiintes. 

Section hi ilie 
oiler Space. 

the Prim live 
Ordinate K 

l'mdin tit. 

6. 

. 723.90 

l 

16.05 

0.0 

0.0 

8 

. 1038.24 

2 

14.69 

1.83 

26.88 

9. 

.1192.80 

3 

12.87 

3.66 

47.10 

11. 

.1494.00 

4 

10.60 

5.49 

58. i:> 

12. 

.1643.40 

5 

7.51 

7.32 

5 1.97 

14. 

.1942.20 

6 

3.80 

9 . 1 5 

34.77 

15. 

.2091.60 

7 

0.80 

10.98 

8.78 


105322.68= 3 Q 


3 i 

and since —- = 2.25, we shall have 

y 


Applying these resulting products to llie forinula 


(S + 4S+2*) £ 


we shall have 


Extreme Products. Even Products. 

1_0.00 2_26.88 

7_8.78 4_58.19 

-- v 0_31.77 


8.78=2 


119.84 

4 

479.36 = 4 S 


Odd Products. 

3_47.10 

5_51.97 

102.07 

-•> 


201.1 I sr 2* 


(S + 2 P + 3Q) —=(3005.1+31757.76 
H 

+ 105322.63) x 2.25=315192.465, 

which is the moment, of the middle space. 

(113.) In a similar manner we must proceed to the 
computation of the moments of the fore space. 


Number of 
the OrdiuntPB. 

Ordinates of llie 
Load Water 
Section in the 
Fore Space. 

DiMuncoM of the 
Ordinate* from 
the Primitive 
Ordinate E 

28.. 1 

18.55 

162 

2 

16.40 

165 

3 

13.30 

168 

4 

8.72 

171 

5 

0.80 

174 


Hot lilting 
Products. 

3005.10 
2706.00 
2234.40 
1491.12 
139.20 


and since — =0.61, we shall obtain 

(2 + 4 S + 2s) ~ = 422.29 

for the moment of the after space, exclusive of the post 
and rudder, amounting to 17.70. Hence the entile 
moment of the after hotly will be 169.99. 

(145.) The moments of the middle and fore space 
being regarded as positive, that of the after space must 
be esteemed negative, lienee we shall have 

Moment of middle space.= + 315102.465 

Moment offorc space.= + 21863.910 

+ 340056.375 

Moinent of after space. = — 469.990 


Applying these resulting products to the formula 


(X + 4 S + 2 s) wc shall have 

Extrema Products. Kvon Products. 
I..3005.10 2..2706.00 


139.20 


4. . 1491.12 


3144.30 = 2 


4197.12 

4 


Odd Products. 
3.. 2234.10 
2 


4468.20= 2 s 


16788.48 = 4 S 


i 

and since — = 1, we shall obtain 

■S 

(2 + 4S+ 2*)^ =(3144.30+ 167S8.48 + 4468.20) 

X 1 = 2-1400.98 


Absolute amount of the moments of 
the water section. 


} 


+ 339586.385 


(146.) Now, by the. last column of the general Table 
of ordinates it appears, that the semi horizontal area of 
the water section amounts to 4115.17; and hence the 
function 


M _ 339586. 385__ 

d “ “Tn5.Tr “ 


82.52 feet. 


(147.) The centre of gravity of the load water sec- Position of 
tion is thus found to be 82.52 feet from the ordinate 1; cc " lr “ u * 
and since the distance of the middle point from the {’'^ivoiUr 
same ordinate is 81.50, the distance of the centre of section, 
gravity of the load water line before the middle is 1.02 
feet. 

(148.) Thus it appears, that the centre of gravity of 
the load water section is nut so far before the middle as 
3 v 2 
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Naval Ar- the centre of gravity of the displacement itself, which is 
clntecmrc. a principle to he observed in the construction of ships. 

(149.) We throw into the next Table the positions 
Positions of n f || le centre of gravity of displacement in the several 
clussesof ships: first, with regard to the centre of the plane 
of flotation ; secondly, as to its position above the lower 
side of the keel; and thirdly, as regards its depth below 
the load water line. These important elements have 
been drawn from Mr. Edye’s admirable Tables. 


iculn* uf 
gravity of 
displace- 
uu-iit in 
several 
classes of 
slope. 


Clua at Ship. 

Distance 
of tlic 
Centre of 

G ravity of 
Dlpphue 
nient before 
the Centre 
of Killin' 
turn. 

Distance 
of the 
Centre of 
Gravity of 
Diaplucc- 
ment nbove 
the lower 
(Mb* ot 
the Keel. 

Distance 
of the 
Centre of 
Grimly of 
Displace¬ 
ment below 
the Load 
WiiU r 
Line. 

1 

(illllH. 

Ft. 

In. 

Ft. 

I n. 

Ft. 

In. 

I 

120 

2 

n 

16 

«4 

8 

7 


so 

1 

n 

11 

Hi 

S 

-li 


74 

1 

1*1 

14 

3) 

8 

0 ‘, 

• .. 

r.o 

1 

9J 

13 

«4 

7 

Ol 

-4 


52 

2 

81 

13 

31 

6 

7fi 


40 

3 

9j 

12 


5 

9J 

Razee corvette... 

20 

2 

3 

11 


6 

04 


28 

1 

10 

10 

*1 

4 

mi 

Corvette,....... 

18 

2 

31 

10 


4 

9 4 

(i un-brig. 

18 

i 

7-1 

8 

114 

4 

"4 


10 

i 

3* 

8 

21 

3 

93 

Schooner . 

. . • 

3 

U 

7 

31 

3 

11 

Cutter.. 

... 

1 

11 

8 

«4 

3 

0 { 


Nkw 

Cl.isS OF SlIlI'S. 




London . 

92 

3 

5 

15 

58 

8 

31 

Castor . 

56 

3 

71 

13 

51 

C 

1 J 

Vermin . 

50 

3 

9j 

14 

31 

6 

US 

Kuvtr .. • • 

IS 

3 

34 

to 

2 

4 

•l 

Sunko ••...... 

16 


1-1 

9 

I"3 

4 

O-I 

'■'4 


The nearest approach of the centre of gravity of dis¬ 
placement to the centre of flotation is in the cutler, and 
the next to it is the IS-gun-brig. The two points are ut 
the greatest distance in the Vernon. 


On the Centres of Gravity of the Solids of Immmion 
and Emersion. 


Moments in the Middle Dody. 


Extreme 

Products. 

1. .0000.00 

28..5052.78 


5052.78= 


Second Class 
of Products. 

4.. 841.50 
7. . 1683.54 
.10.. 2678.94 
*13. .3622.32 
16. .4527.90 

19.. 5385.42 

22.. 6258.42 
25. .6720.48 


31718.52 

2 


63437.04 


Third Class 
of Products. 

2.. 199.38 

3.. 461.52 
5 . 1065.-0 

6 .. 1373.70 
8 .2010.54 

9.. 2369.76 

11.. 3003.60 
12. .33-20.46 

14.. 3924.18 

15.. 4226.04 

17.. 4817.28 
2P18..5093.88 

20. . 5671.50 

21.. 5966.40 


23. .6515.52 

24.. 0701.28 

26.. 6543.00 

27.. 6102.72 
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69366.36 

3 

208099.08-3Q 


, . 3 i „ , „ , 

and since — = 2.25, we shall have 
o 

(S + 2 P + 3Q) (5052.78 + 63437.04 

+ 208099.08) X 2 25 = 622325.025, 
which is the moment of the middle body. 

Moments in the Fore Body. 

Extreme Products. Even Products. Odd Products. 

1.. 5052.78 2. .4521.48 3. .3713.42 

7.. 5.22 4. .2871.12 5. .1811.10 

5058.00 = 1 G - • 051 - 8R 


8014.48 

4 

321771)2 = 4 S 


5551.52 

2 

11109.01 = 2 s 


and since ^ the sections here being now supposed 

O »J 

to be two feet apart, we shall have 


(2 + IS + 2 ) - =(5058.00 + 32177.92 

O 


Centres of (15t>.) It is not only of importance that the true 
gravity of amount of the solids of immersion and emersion should 
solids of be calculated, but the positions of their centres of gra- 
immersion v ity also, in order to discover if they are found in the 
uml ciuer- game transverse section, or at the same common dis- 
tance before the aftermost section. Supposing the result 
of the computation should prove this not to be the cuse, 
such alterations must be made in the body as the re¬ 
tails seem to require. 

(151.) To determine in the first place the distance 
forward of the Immersions Centre of Gravity, wc 
must remember there arc three systems of moments to 
compute; m. those in the Middle Body, the Fore 
Body, and the After Body. 


+ 11109.04) x \ =32229.97, 

u 

which is the amount of the moment in the fore body. 


Moments in the AfteioBody. 


Extremo Products. Even Products. 


1 . 

7. 


0.00 

0.44 

0.44=2 


2 . 

4. 

6 , 


.39.93 
.69.77 
.14. IS 


1-23.88 


4 


Odd Products. 

3_67.05 

5_41.43 

108748 

2 


21G.9G = 2s 


495.52 = 4 S 
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chitccture. and since - = 0.61, we shall have 

(2 + 4S +2s)i = (0.44 + 495.52-f-216.96) 

u 

x O.ci =434.8812, 

which is the value of the moment in the after body.. 

(152.) Now, since the moments in the middle and 
fore body are to be regarded as positive, and that in 
the after body as negative, we shall have 

Moments in the middle body . ... = -j- 622325.025 
Moments ill the fore body.= -f- 32229.970 

-j- 654554.995 

Moment in the after body.= — 431.8812 

Hence whole moment of the im-T_ _ _j_ gry-jj-jg 1)38 
mention.J 


Moments tv the Fore Body. 


Position of 
Centro of 
gravity of 
immersed 
volume lie- 


7860.9703 


= 83.21 feet, 


Extremis 

Products. 

1. .0000.00 
28.. 3917.94 

3947794 = 8 


Second Class 
of Products. 

4. . 716.22 
7. . 1778.40 
,10.. 275)2.31 
’13. .3774.24 
16. .4717.80 

19.. 5661.36 

22.. 6475.92 

25.. (i IOC. 56 

32325.84 

2 

61651.68= 


6 

8 . 

9. 

11 . 

12 . 

14. 

15. 
17. 

2P18. 

20 . 

21 . 

23. 

24. 
26. 
27. 


Thiid (lass 
of Products. 

2.. 155.5)1 

3.. 112.80 
5. . 105)7.52 
6 .1152.00 

8 .. 2128.14 
9. .2463.84 

1.. 3145.20 

2. .3159.72 

4.. 4088.76 

5. . I 103.28 

7. . 5032.32 

8 . . 5346.81 
0 . . 0962.06 
1. . 6266.40 

3. .6553.80 

4. . 6683.34 

6 . . 6058.50 

7. . 5260.32 


Extreme Products. Even Products. Odd Products 

1.. 3947.90 2. .3353.80 3.2778.84 

7.. 21.05 4. .2027.76 5. . 1246.10 

UOKU os V ®- ■ 460.96 -— 

3968.95=2._ 4021.94 

- 5842.52 " "-2 

4- 

- SO (!). 88 = 2 * 

23370.08 = 4 S - 

j 2 

and since - = we shall have 

O i> 

(I -}- 4 S + 2 s) 7 = (3968.95 +■ 23370.08 

+ 8049.88) x | = 2359.Mil, 

d 

which is the amount of the moment in the fore hotly. 
Moments in tub After Body. 


Naval Ar¬ 
chitecture*. 


And since the solid content of the immersion lias been 
found to be 7860.9703, we shall have 

M_ 654120. IJL38 
1) “ 7860.9703“ 3 ' 


volume la-- which is the distance of the centre of gravity of the im- 
fure section mcrsc( | volume before section 1 of the middle body. 

(153.) A similar mode of proceeding must be pur¬ 
sued for finding the distance forward of the Kmp.rsions 
Centre of Gravity. 


Moments op the Mioui.e Body. 


Extreme Product}*. Even Products. 

Oil.l Prmtucfs, 

1 ... 0.00 2 .. 

. .25.71 

3 ..32.27 

7. . .2. IS 4. . 

.39.8S 

5.. .26.20 

2. 18 = S 6 ‘ ' 

.11.25 

58.47 


76.84 

4 

■j 

TTfiToi 


69969.78 

3 

205)909.34 = 


and since — = 2.25, we shall have 
8 

(S -f 2 P + 3 Q) = (3947.94 -f 64651.68 
8 

+ 209909.34) x 2.25 = 626615.16, 
which is the moment of the middle body. 


307.36 = 4S —- 

and since j =0.61, we shall have 

u 

(2-f-4S + 2s) *- = (2.18+307.36+ 116.91) 

3 

X 0.61 = 260.1528. 

which is the value of the moment in the after hotly. 

(154.) Two of these moments being posilhc, and 
the remaining one negative, we shall have 
Moments in the middle body. .... = -j- 626645.16 

Moments iu the fore body. = + 23592.61 

-f 650237.77 

Moments in the after body.. = — 260.1;>-?8 

Hence whole moment of tile 1 = + 6)9977 <1170 

And since the solid content of the emerged volume 
= 7815.3! 15), we shall obtain 

M 649977.6172 , , 

D “ 7815. 3 TT 9 “ H ' 17 M ’ 

which is the distance of tiie centre of gravity of (lie Position if 
emerged volume before section 1 of the middle body. ecntieof 

(155.) Since then (lie centres of gravity of the solids ,lf 

ol immersion and emersion are found so very nearly in | H .f oro ( ,. c 
the same plane, differing only , ‘ fi ths of a foot, the con- tiim I. 
striictiuu, so liir as regards this very important particular, 
may he esteemed correct. 

(156.) Hence it follows, that the centre of gravity of 
the displacement is 0.95 feet before the mean distance, 
of the centres of gravity of immersion and emersion ; 
and the latter point 0.67 feet before the centre of gra\ ily if t|„^ n 
of the load water section. cent mi lie 

(157.) Unless these centres of gravity he found as , Ilot 
nearly as possible in the same transverse vertical plane, 
a ship is liable to revolve round dilferent horizontal j,i, lll0 . t |„, 
axes, producing irregular motions and impulses,- cir- ship mil rr- 
cumslaiices by no means to he desired. Nor should yh« '"uml 
this property belong to one inclination only, hot forever) 
angle through which a vessel revolves, iu the case 
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Naval Af- of the Bulwark of 76 guns, the centre of gravity of 
chitccture. her immersion at ati angle of ten degrees’ inclination, 
was only six inches in a fore anil aft direction from 
the. centre of gravity of the emersion, her character for 
regular and easy motion being of the best kind. In 
some other cases, however, where ships have been re¬ 
marked for their uneasy motion, as to this diagonal 
pitching, these centres have been removed from the same 
plane three or four feet. According to Mr. Morgan this 
very important principle was first attended to in the con¬ 
struction of English ships. 


Stability. 


Necessity 
of investi¬ 
gating it in 
H very ge¬ 
nera! point 
of view. 


Halation 

between 

immersed 

and whole 

limiting 

body. 


Three 

hinds of 
equili¬ 
brium : 
Stability, 
Instability, 


Indiffer¬ 

ence. 


The first 
most con¬ 
cerns the 
nhip- 
builder. 


Stability. 

(138.) The question of stability is divided naturally 
into two branches, named Hydrostatic stability, or the 
stability of a flouting body at rest, and Hydrodynamic 
stability, or the stability ofti flouting body in motion. 

(159.) The Naval architect should investigate the 
subject in the most general point of view, and by making 
himself acquainted with the singular relations which its 
application to bodies of different forms disclose, be 
enabled to investigate with confidence the stability of 
a ship of any kind, whether destined for commerce or 
the purposes of war. 

(160.) A slight acquaintance with Hydrostatics will 
convince us that a relation exists between the part of a 
floating body immersed in the sea, and the whole 
amount of its magnitude, dependent on the relative spe¬ 
cific gravities of the fluid and solid muss. A body may, 
indeed, be immersed in a fluid in many different ways 
so as to preserve this relation entire, but there may not 
be one position in which it will permanently rest; nor 
can a state of quiescence be at any time obtained, until 
the vertical lines which pass respectively through the 
centres of gravity of the whole body and its immersed 
volume completely coincide. 

(161.) A floating body assumes three kinds of equi¬ 
librium when these centres of gravity are in the same 
vertical line : 1st, the. equilibrium of stability, or thut in 
which the solid permanently floats in a given position. 

2dly, the equilibrium of instability , or that in which 
the body spontaneously oversets, unless sustained by 
some external force; and which kind of equilibrium takes 
place, when u needle or any other sharp pointed body is 
attempted to he raised on a smooth horizontal plane. 

Amt .‘filly, the equilibrium of indifference, occupy¬ 
ing u kind of limit between the other two, when (lie 
soliil rests on the fluid indifferent to motion, having no 
tendency to right itself when inclined, or in any way to 
increase its inclination. 

(162.) The first of these conditions is that which 
most concerns the ship-builder thoroughly to under¬ 
stand. Among the great variety of bodies which per¬ 
manently float on the surface of a fluid, experience tells 
us there are some mote easily inclined from a quiescent 
position than others. Many bodies, after undergoing 
an inclination, return to their original positions with 
greater readiness ami power than others; and this is 
particularly observable among ships at sea. where the 
same impulse of the wind produces a much greater inclin¬ 
ation from u vertical jiositiun in one vessel than in another. 
Hence it is, that in order to form a due estimate of the 
resistance to inclination, and to be able to compute the ab¬ 
solute stability for different angles of inclination. Mathe¬ 
maticians have been induced to investigate rules, by which 
the stability of ships may be computed prior to their con¬ 
struction, when their dimensions and weight ate known. 


(163.) There have been many beautiful essays pub- Naval Ar- 
lished on the stability of floating bodies, some treating vhitectiire. 
it theoretically and adorning the subject with lhe richest 
flowers of analysis, whilst others have aimed at a more w “ jn 
practical character. The name of Atwood is rendered which the 
immortal in the annals of ship-bnildingby two admirable subject of 
Treatises on the stability of floating bodies, published in stability has 
the Philosophical Transactions for 1796 and 1798. lit 
these Papers he demonstrated, that a more accurate i„ v .stiga- 
attention to the forms and dimensions of the solids timis ut 
immersed and emerged in consequence of the inclina- Atnouil. 
tion was absolutely necessary ; and leaving the consi¬ 
deration of infinitely small angles of inclination, which in 
so many cases leads to erroneous or inconclusive results, 
created a formula for finite angles of inclination, anil 
which required as a fundamental condition, a rigid 
attention to the form of the body. Before entering on the 
consideration of this formula, we shall, however, briefly 
advert to a few remarkable particulars deduced by Mr. 

Atwood, respecting the equilibrium of floating bodies. 

(164.) In the first place, tile total number of posi- Positions of 
tious of equilibrium of a floating body, movable round a equilibrium 
fixed axis, is in all cases an even number; and secondly, 
that the number of positions of equilibrium of stability, 
is equal to the number of positions of equilibrium of 
instability ; so that in turning round an invariable axis, 
the body must alternately pass from a position of stability 
to one of instability. There must in every body be ut least 
one position of equilibrium of absolute stability, and one 
of absolute instability. 

(165.) There are some relations depending, more- Investiga- 
over, on the form and specific gravity of the body, tlon a 
which it is proper to advert to more particularly. If we ra!ido- Fa " 
take, by way of example, a square parallelepiped, piped, 
floating freely on a fluid’s surface, it will he found 
thut so long as the specific gravity of the body is 
confined between the limits of zero and 0.211, the 
solid will permanently float on the fluid with a flat 
surface upward, parallel to the horizon. That when 
the specific gravity rises to any magnitude he- Niinrvie.il 
tween the limits 0.211 and 0.25, the parallelo- l ,, »>t* 
piped will float permanently with a Hat surface upward, 
but inclined to the horizon at different angles, whose "" 

limits are zero, corresponding to the specific gravity 
0.211, and 26" 31' corresponding to the specific gra¬ 
vity 0.25. If, again, the specific gravity he found 

between the limits 0.25 — and the parallele¬ 
piped will float with one angle only immersed beneath 
the surface, its diagonal being inclined to the vertical at 
various angles, depending on the specific gravity, the 
limits being lb° 26', eonespondmg to the specific gra- 
8 

vitv -y and zero corresponding to the specific gravity 


— As soon, However, as the specific gravity is in- 

O.w i 

0 

creased beyond the solid will permanently float with 


otse ol its diagonal* vertical, until the specific gravity 

. 23 

reaches the limit of —. If again the specific gravity 


be augmented to any quantity between anil the 

ij’5 32 

floating buily will repose with its diagonal variously in¬ 
clined, the limits being zero, corresponding to the spe- 
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cific gravity —, and 18° 26' corresponding to the spe- 
24 

cific gravity —, three anglesof the solid being iu this case 

immersed beneath the fluid’s surface. If. moreover, the 
specific gravity be augmented to a quantity between the 
24 

limits — and 0.789, the solid will float with a flat sur- 

face upward, inclined to the horizon at sundry angles 
depending on the specific gravity, the limiting angles 
being 26° 34', corresponding to the first specific gravity 
24 

—, or 0.75, and zero corresponding to the other spe- 

Oa 

citic gravity 0.789. Finally, when the specific gravity 
reaches a magnitude bet ween thelimitsol 0.789 and unity, 
the assumed specific gravity of the fluid, the solid will float 
permanently with a flat surface parallel to the horizon, 

(166.) Hence vve infer, that while the square paral¬ 
lelepiped floating on the fluid's surface, has revolved com¬ 
pletely round its longer axis, or through 360°, it has passed 
through either sixteen or eighteen positions of equili¬ 
brium. When the specific gravity is found between the 
limits 0.211 and 0.281, or between 0.719 and 0.789, 
the number of those positions will be sixteen, eight of 
which are positions of permanent, and the remaining 
eight of unstable equilibrium ; the two kinds of equili¬ 
brium succeeding each other alternately, as the solid 
revolves. In case the specific gravity should be of any 
value not included within these limits, the solid in com¬ 
pleting itsrotatiou will pass through eight positions only 
of equilibrium, four of which aic of permanent and four 
of unstable equilibrium. 

(167.) A number of singular properties might be 
given depending on the forms of bodies and their dif¬ 
ferent specific gravities, and which it would be useful for 
the young Naval architect to investigate; but our limits 
will only permit us to refer to one or two. In (he case 
of a cylinder placed on a fluid with its axis vertical, if 
the diameter of the base has to the axis a greater ratio 
than y/2: 1, no value can be given to the solid’s specific 
gravity, which will cause it to float iu a state of insen¬ 
sible equilibrium ; or iu other words, there is no specific 
gravity separating the cases in which the cylinder will 
float permanently, from those iu which it will overset 
when the axis is placed veitically. The cylinder under 
these circumstances must always float permanently with 
its axis vertical. When, however, the diameter of the 
base has to the length of the cylinder, a less ratio than 
a/2 : 1, two values of the specific gravity may be found, 
which form limits to the eases in which the solid floats 
with stability or oversets. If the specific gravity he 
given, the relation of the cylinder’s length to the dia¬ 
meter of the base may be fixed which limits the cases of 
stability or instability of floating with the axis vertical. 
If, for example, the specific gravity be 0.75, and the 
diameter of the base lias a greater ratio to the axis than 
3 

- : 1, the cylinder will float permanently with its axis 

vertical; but if the ratio be less, the cylinder will overset, 

(169.) If we take the case of a parabolic conoid,— 
a body connected with the immortal name of Archi¬ 
medes, we shall find in the first place that when the 
axis is to the parameter in a less ratio than 3 : 4, no 
specific gravity can be found which will make the 
solid float in tlie equilibrium which is a limit between 
the stability and instability of floating. Secondly, that 


< 2 , 

if the specific gravity of the solid hears a c* 

to that of the fluid, than that which the 
the difference between the axis and threc-tburtlli^ 
parameter has to the square of the axis, when tluiy , 
is placed vertically, the solid will float witli stability;, 
that position. Thirdly, that if the specific gravity of tit 
solid has a less ratio to the specific gravity of the fluid-; 
than that whicli the square of the uboxe dilferenee lias 
to the square of the axis, the solid will overset when 
placed on the fluid with its axis vertical, and will settle 
permanently with its axis inclined to the vertical line. 
If the specific gravity of a parabolic conoid he less 
than the limit just referred to, and the axis he to the 
parameter in a greater ratio than 6 to 8 and less tlmn 
15 to 8, it will float permanently on the fluid with its 
axis inclined to the horizon, and with its huse wholly 
visible above the surface. These beautiful properties 
we owe to that admirable analysis, which, in the hands 
of Archimedes, was cultivated with such transcendent 
success. Too much neglected by the moderns, it is 
refreshing to turn occasionally to these splendid remains 
of ancient genius. The investigations of Archimedes 
are contained in the second book of his tract, Da. iia quev 
in humidu mhunlur. 

(169.) hi order to place before the young ship-builder 
a few connected results on this interesting anil import¬ 
ant subject, vve throw into the next Tuble Mr. Atwood's 
comparative stabilities of several bodies. Some ele¬ 
ments, it will he perceived, are adopted by him as com¬ 
mon, such as the breadth of the water section denoted 
by 100, the distance of the centres of gravity of the entire 
body, and of tile immersed volume, represented by 13, 
the area of the section of the displaced volume denoted 
by 3600, and tlte angle of inclination 15°. From those 
assumptions he deduces the numerical values rccuidod 
in the two last columns. 
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13 
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2.84 

56.8 

Sales uf the vessel 
above the o ater 
section projecting 
outwards 15°, 
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tile masts below 
tho samp section 

10J 

13 

3000 

15° 

3.21 

04 2 

Sides of the vessel 
above the water 
section, inclining 
inwards 15°, and 
parallel to the 
masts below the 
same section. 

100 

13 

3000 

15 

2.53 

50.0 
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below, the measure of the stability is the same; or whe- Naval Ar- 
ther the sides incline inwards above, or inwards below, chl, ‘' c,ure ‘ 
the stabilities are still equal to each other. Whether the 
transverse section be, moreover, a rectangle, an isosceles 
wedge having its sides inclined to each other 30°, and 
with the vertex either above- or below the water’s sur¬ 
face ; or whether the same section be a conic parabola, 
the measures of the stabilities are identical. The dili¬ 
gent inquirer may draw from the same Table other im¬ 
portant information. Such are the curious and interest¬ 
ing results which even a brief examination of the sub¬ 
ject uifonls. To the Papers of Atwood we would add 
the masterly Treatise of Dupin read before the Institute 
of France, and enriched by all the resources of Modern 
Geometry. It is a subject which the Naval architect 
should delight to dwell on, as one replete with the 
deepest interest, and lying at the foundation of his 
noble profession ; which opens, moreover, an immense 
field for the finest applications of analysis, discloses rela¬ 
tions of a singularly curious kind between forms and 
specific gravities, and in every point of view deserves 
an attentive philosophical examination. 

(171.) To those of our readers who may, however, 
be unable to follow Mr. Atwood through the analytical 
investigations necessary for computing these various 
stabilities, the same may be prosecuted experimentally, 
and a method for doing it may be seen in the Annuls .. , . 

of Philosophy lor 1824. A reference to Colonel Bean- 
foy’s Tables will show how closely the results of experi- meats, 
nient approximate to those of theory. 

(172.) But we must hasten to its application to Application 
ships, the main and essential object of this Treatise, 

It is a fundamental position that the resultant of the slops, 
force which the water exerts in supporting a ship, and 
in resisting its tendency to heel, passes through the 
centre of gravity of the displacement, and that the 
direction of this effort is at right angles to the water’s 
surface. It is for this reason a vessel, free and at rest, 
must have its centre of gravity in the resultant of the 
force of the water which supports it. When the ship 
heels, there is a tendency arising from the vertical pres¬ 
sure of the fluid acting- upwaids on the side of the 
vessel which is most immersed in the fluid to restore it 
to the position it had when at rest. The amount of this 
force is to he regarded as the measure of the stability. 

(173.) Whenever a ship is inclined in the sea from Solids of 
an upright position, a prismatic solid is emerged on one immoision 
side, to he denoted in the present investigation by E, i, "‘ 1 ‘' mcr ' 
and another prismatic solid immersed on the other, 
which we shall represent by I. These two solids, how- y u . mclma- 
ever dissimilar they may be from the peculiar figure of twin of the 
the ship, must of necessity be equal, the volume of the 
displacement remaining unaltered. The solids, more¬ 
over, lieiug formed by the mutual intersection of two 
planes, one of which is the load water plane when the ship 
is floating upright, and the other a load water plane 
when she is inclined, the intersection must of necessity 
he a right line. From the circumstances, also, which 
influence the motion of the ship, this line must, more¬ 
over, be parallel to the axis of rotation, which is a right 
line passing through the centre of gravity of the vessel 
(170.) The numbers which give the measures of the from head to stern. I.ct the line separating the iin- 
comparative stabilities afford some interesting materials mersion from the emersion be therefore denoted by x. 
for examination. A comparison of numbers 2 and 9, Let G (pi. i. fig. ft) also be the centre of gravity oflnvestiga- 
of 3 and 10, and -of 6 and 8 disclose the remarkable the whole ship, F that of its displacement when the ship tiou 
fact, that whether the sides which spring from the floats upright, and Q the representative of the same 
water section, incline outwards above, or outwards poiut when the ship is laterally inclined. LetQTVM 
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be a vertical line passing through the centre Q ; and 
through F and G draw F T and G V at right angles to 
Q M, and through G draw GO parallel to Q M, in¬ 
tersecting F T in O. 

(174.) Since, by the heeling of the ship, the vo¬ 
lume E is taken from the displacement on the one 
hand, and I, which is equal to it, is added to the dis¬ 
placement on the other, the bulk of each volume being 
supposed to be concentrated in its centre of gravity, the 
former volume may be conceived to be transferred to I. 
The horizontal distance of the centres of gravity of the 
two volumes being denoted by 6 , the moment resulting 
from the translation of E will be 6 K, or b I. 

(175.) Now when by the action of the wind the 
ship is made to heel through the angle AS a, or its 
equal F G O, the buoyant power of the fluid is trans¬ 
mitted upwards through the line Q M, witli a force 
equivalent to the weight of the ship, or its equal 
the displacement D. The effort, therefore, made to 
right the ship, or to make it turn round a longitudinal 
axis pussing through G, is proved by Atwood to be 
D x G V = D X F T - D X F O. 

And since D X FT is the horizontal moment of the 
displacement in consequence of the removal of E to I, 
it is equal to the horizontal moment of E, that is to b 1. 
Hence the preceding expression becomes 

D X G V = 6 I - 1) x F O 

= 61 — DxFGx sin F G O. 

And if we represent FG by «, and the sine of the incli¬ 
nation of the vessel, or F(i O, by we shall obtain the 
general formula 

1) x G V = 61 - D««.(1.) 

(176.) Thistheoiein, which is due to Atwood, enables 
us to find the stability of a floating body, whether that 
body be symmetrical with regard to the axis of motion, 
as is always the case in a ship, or whether symmetry of 
form docs not exist, or tiie body be homogeneous, or the 
contrary. It is from this formula that Atwood derived 
the various positions of the floating parallclopiped be¬ 
fore alluded to. 

(177.) The line separating the volumes 1 and E must 
evidently be a right line, being formed by the inter¬ 
section of two planes, that of the load water line when 
the ship is upright, and that of the load water line when 
the ship is inclined. This line, moreover, must lie 
parallel to the axis of rotation, or to a right line pass¬ 
ing through the centre of gravity of the ship, from head 
to stern. Let therefore the line separating the immer¬ 
sion from the emersion he denoted hy r, and a longi¬ 
tudinal plane be supposed to pass through it, perpendi¬ 
cular to the water’s surface. Suppose also Z to denote 
any section A S a of the solid f, perpendicular to .r, and 
let z he the corresponding section B S 6 of the emerged 
solid E. Moreover let W, w be the horizontal distances 
of the centres of gravity of the sections Z and z (rom 
this longitudinal vertical plane. Then by the ordinary 
principles of Mechanics, we shall obtain s 

fZWdv 

I 

for the horizontal distance of the centre of gravity of 
the immersed solid 1 from that plane, and 

ft wdx 

' E 


for the horizontal distance of the centre or gravity of Naval Aw 
the emerged solid E from the same plane. Hence ' chitwtuw. 

6 -.£?$ "Llf ./* r ----- 

I + K 5 

or since hy the conditions of a floating body I = E we 
shall further obtain 

x _ fWidx-}-f:md t 
~ ‘ I 

or 61 =/Z Wdx+ftwdx. 

Consequently the general expression denoted by (I.) 
will become 

n x G V-fZWdx+fzwdx- Da*....(||.) 

which is another expression for the stability of a ship. 

(178.) This formula is susceptible of some modifi¬ 
cations hy supposing the heeling of the vessel to he. 
evanescent. In this case by denoting the half breadth 
of the ship at the water’ surface by y , we shall have 

z .v x * y _ ’jf 
J 2 ~ 2 1 


A m il her ex¬ 
pression of 
the manic. 


aiul 


w = ~-y; 


and the general formula (II.) becomes 

D X G V = ty'd x - Da*.... (III.) 


Another 
form for the 


If the indefinitely small angle he regarded as constant, I'wmling 
this last expression for the stability becomes formula. 

\fy' dx - D «- 

When the displacement is given, the stability is mea¬ 
sured by 

- / y'dx 


D 


— <*. 


which is the ease when two ships of equal displace¬ 
ment arc inclined ul some small constant angle. 


The function 


\f y* dc 
_ 


Formal i fur 
the im-ta- 
reiitic. 


is tile height of wlmt is commonly called the meta- 
centre above the centre of gravity of the displacement. 

In this case the .stability will he measured hy tne 
height of the metacentre above the centre of gravity of 
the ship. 

(17‘J.) In any case where the centre of gravity of 
displacement might coincide witli the centre of gravity 
of the ship, the value of « becomes zero, and the str- 
bility at any small angle of inclination will be 

2 .. , Formula 

— J * y s d X, for nny 

** smalt angle 

and supposing this small angle to be constant, we shall <>f inclma- 
havc ‘ ,0 "- 

\ fy'd* .(iv.) 

(ISO.) These latter formula;, however, must be em- 
ployed with caution, and in no case can they be relied must tw em- 
on as measures of the stability, excepting at the very ployed with 
instant when a ship begins to heel. In the cusc ot an caution. 

3 D 
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jv«ml Ar- ordinary inclination or five or ten degrees, the relation 
dntcctnra. of the stabilities in two sepurute cases might he very 
*v—' difierent from what the ihnnula (I\ r .) would give, when 
the centres of gravity of the whole ship and the displace¬ 
ment coincide ; or what may be derived from the pre¬ 
ceding form nla (ill.) when thy centre of gravity of the 
ship is higher than that of the displacement. For in 
either case the values of W, tv, might neither he equal 


to each other, nor to ; and the values of Z and z 

2 y 

inay also very much dilfer from 


Kxamploto (1KI.) By way of illustration, suppose two vessels, 
prove die \ :uu | |$ t fns. (i and 7, to be so constructed, ;is to have 
necessity of | ( ,;ul water lines, and the centres of gravity of 

cautiun. ,|re whole ship and the (lisplaeement to coincide; the 
sides of one of the vessels falling out above and helmv 
the water’s surface, and the sides of the other falling in. 


A s'n.glu 
ccmpt.l.t- 
tam of the 
stability at 
one miglu 
not sntli- 
eienl. 


To deduce 
from for¬ 
mula (I).) 
tile actual 
stability. 


.Now, although the most ordinary mechanic must at 
once perceive that the stabilities of these bodies are not 
the same; and that the same impulse of the wind on 
equal masts and sails may in the two eases produce 
very difierent effects,—in one instance producing perfect 
security, and in the other extreme danger.—yet according 
to loiinula (IV.) the stability of each will he the same. 
Thus may the Naval Architect who is ically desirous of 
advancing his art, draw from these analy tical forms, mo¬ 
tives for caution; and, moreover, learn, that although for¬ 
mula* may sometimes he sanctioned by high names, and 
fora long time he current in the world, yet unless thunded 
on legitimate facts and on that unyielding (Jeometry 
which allows nothing to escape its power, they ought at 
once to he rejected, or received only as approximations, 
until others founded on belter principles can be found. 

(18;2 ) It is not a single computation of the stability 
at one given angle, that can satisfy the desires of tile 
scientific ship-builder. It inusl be found for three or 
four angles of heeling, as :2' J , 5°, 7°, 9°, &e., in order to 
satisfy him whether the vessel he is about to construct 
lias a sufficient stillness at each successive angle, and 
whether at the same time she performs her motion of 
rolling with ease. In such a case some fine and ap¬ 
proved model of the same class is commonly selected as 
a stauilaid, in order to assist the constructor in his con¬ 
ceptions. A Naval Architect well acquainted with the 
details of his profession, may even from the principal 
dimensions and form of the sides between wind and 
water, make a toleiahle estimate of the vessel's stability, 
by knowing the principal dimensions and form of the 
sides between wind and water. 

(183.) But to deduce at once from the general formula 

/VVZdx-f- Jto zd x — I) u .< 

the actual stability of a vessel, some angle of heeling, or 
inclination must he fixed on. Suppose, for example, it 
be f>°, and that nil inclined load water plane be drawn, 
forming transversely with the horizontal plane of the 
same kind an angle equivalent to this quantity. In the 
great majority of eases, the solids of immersion and 
emersion formed by these planes will not be equal, their 
common intersection, excepting in particular construc¬ 
tions, falling on the lee side of the middle of (he load 
wutor line. Hence an interval of ,- a or qbtlis of a foot 
is assumed on one side of the middle point of the load 


water line on the body plan, for the intersection of the 
two planes. 

(184.) To compute the solids of emersion and immer¬ 
sion recourse must be had to the sectorial areas formed 
by the vertical sections of the body with the solids fiere 
adverted to. Knell of these sectorial areas may be 
regarded as made up of a triangle and a curvilineal 
space, the latter being without sensible error regurded as 
a parabolic area. Having computed the whole of the 
sectorial areas, the actual solidities of immersion and 
emersion must be computed by the proper formula;. 

(185.) If the lesultsof these computations shouid 
prove the solidities of immersion and emersion to be 
unequal, sonic other point must be assumed for the in¬ 
tersection of the inclined and load water lines, and the 
preceding computation repeated until the two solidities 
are timml equal. To assist us in determining this 
point, let A represent the computed difference of the 
solids of immersion and emersion, and « the area of 
the inclined load water plane. Moreover, let ,v be the 
pcipcmlirular distance of the true inclined loud water 
line lioin that just assumed. Then it is manifest, that 
without any veiy sensible error a ,r = A, and conse- 
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qticully ,x = —, boll) of which functions are known. 


Hence the value of the fraction -- heme: setoff at li-ht 

u 

angles to the load water line first assumed, will give the 
position of the true one, as required. 

(180.) Supposing, therefore, the position of the true When ...i 
inclined load waiter line to heat length attained, we may \ •» 
proceed to the final calculation of the stability. The in- 
togral of the function W Z d .r may he obtained by means ] linv q ]u 
of the sectors already alluded to. The difierent values of stability 
Z and : necessarily result from that process of coinpu- '" ‘J he 
tation, ami the values of Wand tr may Ik* found as col "l ,,1,c 'b 
follows. Suppose SB l), fig. S, to represent one of the 
sectors S I) (lie uptight load water line, and S B that 
which is inclined. Joining 1 > 1 i will divide the sector 
into the triangle and supposed parabolic area before 
alluded to. Bisect B I) in K, draw Ilf perpendicular 
to B I), and make K F equal to (wo-liltlis of it. Fiom 
K and F let fall K (J and F if at right angles to S II. 

Then will two-lhiids of S(! he the distance of the eeulic 
ot gravity of the triangle S !) B from the point S, mea¬ 
sured on the .surface of the water; and S If will lie the 
distance from the same point of the centre of gravity of 
the curvilineal urea 1) B l'. Hence 


^ Sti xSBD-)-SlI x BCD 

J 

will give the value of W Z for this sector. And thus 
may the value of W Z be found for every sector. The 
application of otic of the formula^ for equidistant ordi¬ 
nates hence determines the integral of W Z d .r. 

(187.) A, like method is pursued in determining the 
integral of the same function when its elements are 
made to represent (he more curved parts of the im¬ 
mersion that lie near the stern post and stern. In a 
similar manner the value oi'J'wzdx may be found. 

(188.) With regard to the remaining function 1)«i, 
the value of the displacement D has been already com¬ 
puted, and s is known from the fixed inclination of the 
vessel. The element «, depending on the true position 
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Naval Ar- of llie centre of gravity of the vessel, can only be 
chitecture. found by ligorous calculations, which we shall hereafter 
explain, or by reference to another ship of the same kind. 
Hence the value of all the functions constituting the 
second member of the equation 

D x (m V = y Z W d x + fzwdx—Y)a.s 

arc known, and thus the (rue measure of the stability is 
obtained. Let it be borne, however, in mind, that 
tedious as the processes of calculation may be found, 
the const ruetor must repeat them, until he finds at every 
reasonable inclination, that the stability is neiihcr too 
small nor loo great, and that the changes produced by 
rolling are such as shall satisfy both him and the gal¬ 
lant men who may hereafter navigate the vessel on the 
sea. 

Actual com- (189.) The first step in the computation we shall 
puLtion. illustrate is that of the solidities of immersion ami emer¬ 
sion. Kach of these will he divided as before into the 
middle body, the lore body, and the after body, these 
several parts being calculated by means of the proper 
formula. 


To find the Content of the Immersion, when heeled to 9\ 
Auf.as u» the Sections in the Middle Body. 


To find flux 

content of 
lb-mmier- 

Kxtreme Areas. 

1. . -i d . 17 
28. .31.19 

5 a. fit! = S 


Second Class of 
Areas. 


Third Class of 
Areas. 


4. 

7. 

10 . 

13. 

10 . 

19. 

9.-2. 

25. 


12.16 

.16.75 

19.61 

50.31 

50.31 

49.87 

49.67 

46.67 

385.35 

•2 


2 . 
3 
it. 
6 . 
8 . 
9. 
11 . 
12 . 

14. 

15 . 
17. 

770.70 — 2 1» 18. 

- 20 . 

21 . 

23 

24. 

26. 

27 


.33 
.38 
. 44, 
.45 
.47, 
. 49 
. 50, 
. 50, 
. 50. 
. 50 
. 50 
. 49 
. 19 
. 19, 
. 49. 
.48. 
.43. 
.39. 


23 

46 

10 

79 

87 

37 

06 

31 

31 

31 

IS 

94 

75 

72 

36 

56 

62 

12 


840.36 

3 

2521.08 = .3 Q 

3 i 

and since = 2.25, we shall have 

u 

(S 4- 2 P-f- 3 Q) “ = (55.66 + 770.70-J- 2521.08) 

X 2.25= 7531.74, 

which is the solid content in the middle body. 

Areas of Sections in Fore Body. 

To find in the next place the solidity of the fore body 
we shall employ the formula 


HITECTU 

RE. 


Extreme Arens. 

Even Areas. 

Odd Areas. 

1. .31.19 

2. .27.57 

3.. 22.37 

7.. 0.03 

4. . 17.09 

5.. 10.83 

31.22 = 1 

6.. 3.79 

33.20 


48.45 

2 


4 


■ 


66*40 


193.80 = 

4 S- 


i ■ * 2 , , 

ami since - r= — , the sections here being now supposed 
two feet apart, we shall have 
(“ f 4 S + 2 j) ~ = (31.22 + 193.80 + 66.40) 

X ~ = 194.28, 
6 

which is the solid content in the fore body. 

Areas of Sections in After Bodt. 

In like manner, by applying the same formula to the 
after body, we shall have 
Extreme Arcus. 

1.. 21.47 

7.. 0.04 

24Tm = 2 


Even Areas. 

2.. 22.93 
4. . 12.71 

6.. 1.55 


37.19 

4 


Odd Areas. 
3. . 18.32 
5.. 5.66 

23 98 
2 


148.76 = 4,8 


47.96 =r 2 v 


.25.99 

.31.34 


and siuce —= 0.61, we shall have 

o 

(S + 4 S -f 2 .«) 5 = (24.51 -f 149 76 -j- 47.96) 

X 0.61 = 131.9503 
for the solidity in the afler body, lienee the total 
amount of the solid of immersion wilt be 7860.9703 
cubic feet. 

To Jind the. Content of the Emersion when heeled to 9". 

(190.) By a similar process of compulation we shall 
obtain the solidity of emersion. 

Areas of Sections in Middi.e Bony. 

Thud Class of 
Areas. 

2 . 

3. 

5. . 45.73 

6 . . 48.40 

8 . . 50.67 

9. . 51.33 
11. . 52.42 
12- . 52.42 

14.. 52.42 
15. . 52.42 

52.42 
52.42 
52.29 
52.22 
49.65 

24.. 48.43 

26. .40.39 

27. .33.72 

847.68 
3 


Extreme Areas. 

I. . 17.19 
28. .21.37 

41756 = S 


Scrnnd Class of 


Aicas. 

4. 

.39 

.79 

7. 

.40 

.40 

10. 

. 51, 

,71 

13. 

. 52. 

42 

16. 

. 52. 

43 

19. 

. 52. 

42 

22 

.51. 

42 

25. 

.44. 

19 


39l7 

07 



2 


788. 

*14 = 


17.. 
•18., 

20 .. 
21 ., 
23.. 


(2 + 41 


+ 2 .)-. 


2513.04 =5 3Q 


So 2 
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chitectura. and since —— 2,25, we shall have 

(S +2P+3Q)^ = (41.56 + 788.14 + 2543.04) 
b 

X 2.25 = 7588.665 

for the content in the middle body. 


Areas of 

Sections in 

the Forf. Body- 

Extreme Areas. 

Even Areas. 

Odd Arens. 

1. .24.37 

2. .20.45 

3. .16.74 

7.. 0.12 

4. . 12.07 

6.. 7.33 

247 49 = 2 

6.. 2.68 

24.07 

■ — 

35 .20 

2 


4 

48.14= 2 s 


140.80 = 

4S 


1.. 282.69 
28. .400.56 


683.25= S 


4.. 641.25 

7.. 750.05 
10. .803.92 
13. .815.02 
16. . 815. 02 
19. .807.98 
22. .801.99 
25 .738.91 

6174/14 

2 

12318728 = 


2. .447.46 

3. .558.52 
5. .691.93 

6.. 726.73 

8.. 773.11 
9. .799.13 

11.. 811.13 

12.. 815.02 

14. .815.02 

15. .815.02 

17. . 812.92 

18. .S09.03 

20.. 805.99 
21. . 803.04 
23. . 799.23 

24.. 783.74 

26. .663.97 

27. . 562.86 
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13293.85 

3 


39881.55 = 3Q 


and since — = \, the sections here being now supposed and since — = 2.25, we shall have 
3 3 8 


to be two feet apart, we shall have 


(S + 2P + 3Q) ~ = (683.25 + 12348.28 
8 


(2 + 4 S + 2 s)*-= (24.49 + 140.8 + 48.14) 

O 

x l = 142.29, 

u 


+ 398S1.55) X 2.25= 119054.43, 
which is the value of the integral J 7. W dx in the 
MIDDLE BODY. 

(192.) In the same manner, to obtain the values of 
ZW in the fore body, we shall have 


which is the solid content in the fore body. 


1.. 400.56 2..297.42 3..173.18 

5.. 0.01 4.. 55.19 2 


Abbas or Sections in After Body. 


400.57= 2 352.61 

- 4 


346.36 = 2 * 


In like manner for this portion of the emerged volume 
we shall have 


Extreme Areas. 

Even Areas. 

Odd Areas. 

1..17.19 

2. .14.05 

3.. 10.16 

7.. 1.98 

4. . 7.63 

6.. 1.23 

5.. 3.58 

19.17=2 

13.74 


22.91 

2 


4 

91.64 = 4 S 

27.48 = 


and since - = 0.61, we shall have 
8 


1410.44 = 4 S 


and since — = 1, 

u 


wc shall have 


(2+4S + 2») (400.57 + 1410.44 + 346.36) 

X 1 = 2157.37 

for the vulue of the integral f Z W d x in the foru 

BODY. 

(193.) So also for the values of Z W in the afteb 
body, we shall obtain 


1.. 282.69 2..254.53 3..181.65 

7.. 0.01 4. .106.70 5.. 37.29 

'282770 = 2 6 ‘ • 4 - G ° 218794 

- 365.83 2 


(2 + 4 S + 2») j m (19.17+91.<H+27.48)x0.61 


_ 1 437.88 =2 

1463.32= 4S - 


= 84.3569 


for the solidity in the after body. 

Hence the whole amount of the solid emerged by the 
heeling of the ship 9°, will be 7815.3119 cubic feet. 
Comnu- (191) Let us in the next place endeavour to obtain 
, .it ion Of the value of/ ZWdxfor the three parts into which the 

the function immersed part is divided. 

if/. VV <tx. The va ] ues 0 f z w in the immersion of the middle 
body are obtained as follows : 


and since=0.61, there results 

3 

(2+4S+2»>~ = (282.7 + 1163.32 + 437.88) 

X 0.61 = 1832.179 


for the integral of/” 7. W d x in the after body. 

Hence the value of J'7.V!dx for the whole im¬ 
mersed volume will be 122543.979. 

(194.) Proceeding in the same manner for the eh eh* 
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M*vU Ar- SI0N< we shall obtain the following results for the values 


of * to in the middle body. 



1.. 164.16 4..580.42 

2 

. .305.97 

29.. 280.47 7..804.99 

3 

..461.88 

aai so - 10.. 869.36 
444.63-.Sj3 8Hg g{) 

5 

6 

.. 708.63 
. .771.27 

16..990.09 

8 

..835.98 

19..895.08 

9 

. .857.22 

22..858.23 

11 

. .881.91 

25..690.65 

12 

. .888.67 

6468.91 

2 

14 

. .890.09 

15 

. . 890.09 

17 

. .S89.72 

12937.62= 

2P18 

..887.48 


20 

..883.61 


21 

. .880.69 


23 

..819.02 


24 

. .778.57 


26 

. . 591.53 


27 

. . 457.05 



1367938 


3 


4 LOSS. 14 = 3 Q 


ami since 


St 

8 ” 


= 2.25, we shall have 


(S 4- 2 P + 3Q) 3 8 * 5 = (444.63 -|- 12937.62 + 

41038.14) x 2.25 = 122445.8775, 
which gives the value of f z w d x in the middle. hoi>y. 

(195.) In like manner to nbtain the values of : w in 
the poke body, there will arise 

1.. 280.47 2. .186.03 3.. 99.04 

5.. 0.12 4. 30.47 2 

280.59 = 2 216750 Tbs'. 08 = 2* 

866.00 = 4 S 


t 

anil since — ss 1, we shall further obtain 

(£ + 4S + 2*)j = (280.59 + S66.00 + 198.08) x 

1 = 1344.67 

for the value of f z w <1 .r in the fore body. 

(196.) And lastly, for the values of z w in the after 
body, there will be 

I. .164.16 2. .121.42 3 .77.42 

7.. 0.12 4.. 4S.83 5. .22.55 

164^28 = 2 6 ‘ • 3 15 99.97 

- 173.40 2 

_i 199794 = 2 * 

693.60 = 4 S - 


(198.) Finally, to compute the value of the function v,..i A «. 

D U VnfftoT« U,lt th f <1,s P ,ace,ncnt D has been found chitecture. 
to be 104926.2, and * the natural sine of 9° = 0.15643. v —v—' 
Of the remaining element a it may be remarked that it I'omputa- 
is made up of two parts, one of which is the height of ,iml ofth « 
the centre of gravity of the vessel above the load water »" c,Um 
line, and the other is the distance of the centre of gravity “ *’ 
of the displacement below the same line. The first of 
these quantities, by a comparison with another ship of 
the same kind, is found to be 0.93 feet, and the value of 
the latter we have calculated to be 7.56 feet, lleuee 
o = 0.93 + 7.56 = 8.49 feet, and Da* = 393151.5104, 
and the general expression 


D X G V = /ZW dx+f twdx—Da s = 107628.2863, Whole va- 

which is the numerical measure of the stability at an in- 'tiuiiiv " 1 
dotation of 9°. 

(199.) By some, the preceding compulations maybe 
regarded as tedious, and they inuy prefer Boiiguer’s for- 
2 

imda •— f y* d x before alluded to, on account of its 
«5 


greater brevity; hut let it be remembered, that no la¬ 
bour caii be considered as too great, in order to secure 
to a ship of the humblest class the requisite stability. 

The history of ship-building unfortunately presents loo 
many instances of ships having been constructed with 
insufficient stability.* M. Romme, for example, in his Frequent 
Art de la Marine, lias adduced the remarkable instance instances of 
of the French ship Le Scipion of 74 guns. As soon as “'"l m c " n ' 
this ship floated in deep water, it was immediately ap- wTih'hlsuP 
parent that she wanted stability, and to ascertain it, the tioicnt stu- 
guns were run out on one side, and run in at the other, bilily. 

The vessel in consequence heeled 13 inches ; and by 
adding the weight of the men to the same side, she was 
afterwards brought down 24 inches. A difference of 
opinion, it appears, existed among the Naval engineers 
as to the cause of this want of stability ; and that the 
error was not accidental, but arose from some faulty 
principle of construction, may be inferred from the cir¬ 
cumstance that the same defect existed in two other ships 
of war, L'Hcrcule ami Le Pluton. The chief engineer 
asserted that the requisite stability might be imparted to 
Le Scipion by altering the quulity and disposition of 
her ballast. The original amount of ballast had been 
84 tons of iron and 100 tons of stone; and by the new 
arrangement these were to be augmented to 198 tons of 
iron and 122 tons of stone. Rut as a ship of war does 
not admit of any alteration in the amount of tier dis¬ 
placement to compensate for the additional weight of 
ballast, on uccouut of the necessity which exists of 
keeping her ports at u proper height above the water, 
the stock of water with which the ship hud been 
previously supplied, was diminished by 136 tons, 'lie 
excess of weight of the new ballust over the oid. 

This arrangement must have had the effect of lower¬ 
ing the centre of gravity of the vessel, and thereby 
of increasing its stability ; but on trial it was found not 


2 

and since — = 0.61, there will lastly arise * 

(2-f-4S-j-2*)y = (164.28 + 693.60 -f 199.94) 

X 0.61 = 645.2702 

N™* for the value of S z w d x in the after body. 

this fum> (197) Hence the value of f zwdx for the whole 

tion. emerged volume will be 124435.8177. 


* Chapman remark*, that ia the year 1628, when the Was* of 
80 guns, half carlauert, or 24-pounders, sailed from Skeppsholmen 
to Stockholm, with only the three topsails, in a light South-West 
wind, intended for an expedition to the Baltic, this ship did not 
proceed further than Blockhusudden, or about fifteen or sixteen 
cables' length from Skeppsholmen, when it upset, and sank ten 
fathoms, so that all below the main cross trees was under water. 

The Slum C'rona, Swedish ship of 120 guns, upset in I(i76m 
tacking. The cause assigned was, that this operation was not per¬ 
formed with the Cafe which the crankness of the ship required. 
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to be sufficient, the decrease in heeling, measured on the 
vessel's side, amounting only to four itiuhes. Other 
ineffectual attempts were made, but the requisite sta¬ 
bility was not obtained, until a sheathing was applied to 
the exterior sides of the vessel from four inches to one 
foot in thickness, throughout the whole extent of the 
water line, and extending 10 feet beneath it. 

(•200.) This memorable example affords, therefore, a 
■ convincing proof that the formula sometimes employed 
to represent the stability, and limited to evanescent 
angles of inclination, cannot be relied on in any way. 
There can be no doubt that before a timber was laid, 
tin* stability had been in some way or other computed, 
yet no one suspected a defect in this important element 
until the vessel was actually floating in deepwater; and 
as a proof that the real cause of the error was not known, 
recourse was lmd to a change of ballast; nor was it 
until other remedies had been unsuccessfully applied, 
that “ the remedy," to adopt the remarkable words of 
Atwood, “ was stumbled upon by accident, rather than 
adopted from any knowledge of the principles by which 
the application ot it might have been directed." It was 
reserved for Atwood to show that “ an error in the form 
of (lie sides of the vessel was the principal cause of the 
defective stability,”* and affords another example of the 
slow steps by which sound and substantial knowledge 
advances. 

(201.) The change which takes place in the vertical 
pressure of the water in which the ship is immersed, 
when there is any relative motion existing between the 
ship and the water, must have an effect on the amount 
of the stability, on account of that vertical pressure 
affording a measure for the stability, when it is multi¬ 
plied into the. distance at which it acts from the longi¬ 
tudinal axis passing through the centre of gravity. So 
the altered circumstances of displacement which take 
place by a ship passing from salt to fresh water, altering 
in some degree the position of the centre of gravity of 
the iminci sed volume, must, ill like manner, influence 
the stability. 

u f (202.) The point M, tig. 5, is called the tnctacentre, 
and is very often referred to in discussions on ship¬ 
building. In the British Navy the height of the meta¬ 
centre above the surface of the water, using jn the cal¬ 
culation the main breadths, is generally less than 6 
feet, and is least in the largest ships, lit 18-gun- 
brigs it is 5.5 feet, and such vessels are by no means 
deficient in stability. In frigates of 36 guns it is 
nearly 6 feet. In the Leopard, a fourth-rate, it is 4.2 
feet. In (hird-rnies it is from 4 to 5.5 feet nearly. In 
the Howe, a first-rale of 120 guns, it is 3.7 feet. 
Bougner, itt his Traite du Navire, remarks, that the 
mctaccntrc was above the centre of gravity, in the fri¬ 
gate ha (liiTolle, 4 or 5 tect; in ships of 60 guns from 
6 to 7 feet; in ships of 80 or 90 guns, from 4 to 5 feet; 
and in ships of 110 or 120 guns, sometimes as little as 
2 feet. 


* As an evidence that the defect of stability in Le Scipum did 
not arise from a want of breadth in the principal section of tho 
vessel, M. Kommo asserts, that other ships ol' the name tbice, 
Le Migni/u/ue, J.e Seeplre, Le Minotaur, Vinlreptdt , had breadths 
the same or rather less Ilian /a Srrpion, und yet carried their sail 
perfectly well. The conatructor doubtless thought to please his eyo 
by altering in soma way the external figure of the vessel, aud, to 
satisfy a whim, sacrificed her security. 


On the Centre of Gravity. 


Naval Ar¬ 
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(203.) A knowledge of the position of the centre of Centre of 
gravity of a ship is necessary ill order to assist us in ° 

establishing a true measure for the stability, and like- 11 p 
wise for enabling us to trace all the interesting pheno¬ 
mena connected with the pitching and rolling of a ves¬ 
sel. A rude npproximation to the position of this point, 
will by no means satisfy tile present wants of Naval 
Architecture; and we are glut! to perceive an increased 
anxiety on the part of our ship-builders, to arrive at 
mote exact information respecting its very important 
properties. 

(204.) There are many difficulties in the way of Difficulties 
determining the centre ot gravity of the hull alone, be- ,lu ‘ 
lore any preparations are made for fitting it for sea, and . 

for storing it with all the terrible apparatus of war. A lT11 t ru 0 f 
knowledge of its true position under conditions like gravity, 
those leads to many interesting results ; but the question 
rises immeasurably in importance when the vessel puts on 
all the pride and circu instance of war,—with her masts and 
yards and rigging, her guns and vast variety of stores,— 
and the bodies too of her crew, destined gallantly to de¬ 
fend her. If we direct ottr attention for a moment to the 
hull, we shall find, that though the powers of (ieoinetry 
may enable us to fix with very great accuracy the position 
of litis point, that no general conclusion could be deduced 
from the sutne, on account of the great diversity of 
form which even ships of the same class present. This 
would have an influence, were the hull alone to he con¬ 
sidered ; but liic many altered circumstances which even 
the smallest change in the external figure produces in 
the masts and their accompaniments, aud till the import¬ 
ant considerations connected witli stores and stowage, 
proves the utter impossibility of laying down any thing 
like a. precise and definite rule respecting the position 
of this point. 

(205.) Wherever the point under consideration is, Tluei* coor- 
however, situated, three rectangular coordinate planes 
may he supposed to pass through it, and to one only ol 
these three can we assign a fixed and certain position, through if. 
Every vessel, whatever may be her figure, and how¬ 
ever whim and caprice* may influence the design, is ne¬ 
cessarily, both as regards figure, and stowage, divided 
into two parts by a vertical longitudinal plane passing 
through the middle of the keel. This partial sym¬ 
metry of form fixes, therefore, the centre of gravity of a 
vessel with regard to its breadth. 

(206.) Another consideration which will enable us to fashion of 
fix the position of this point with regard to the length ol 
the vessel,may be gathered from the hydioslatieal principle, Jo , ]l0 ^ 
that the centre of gravity of the whole body and of the length, 
displaced volume must be in the same vertical line; and 
that as every vessel, when equipped, possesses a given 
displacement, it follows that the centre of gravity of this 
volume determines the centre of ^gravity of the whole 
ship, with regard to the length. Independently of this, 
however, it would be impossible to fix, a priori, a trans¬ 
verse plane, having the molecultn on each side of it 
precisely similar and equal. 

(207.) With regard to the depth of the vessel, a With re- 
vague and uncertain conjecture has sometimes fixed it 

* The history of ship-building proves that it is not uncharitable 
to say, that whim and caprice do sometimes govern the designs of 
ships. 
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Naval Ar- in the load water section ; but this, which at most cnu 
chitecture. only tic true of a few ships, is much too uncertain to 
allow us to repose on it with any thing like confidence. 
Various experimental methods have been proposed to 
ascertain this, but there is no method like that which 
the theory of moments presents us with, by assuming a 
convenient horizontal plane, ami dividing the integral ot 
all the molecule constituting the vessel, by the weight ot 
Theory of the vessel itself. Such of our readers us are conversant 
moments, with tlie Theory of Mechanics,—and every ship-builder 
ought,—will remember, that if any number of particles 
P> V ' P"' I’" situated on one side of n plane given in 

position, at the distances x. x', x", &c.; and any num¬ 
ber of particles ir, ir‘, t ’, &e., on the other, at the 
distances X, X', V', &c., then will the distance of the 
common centre ot giavity ot all the particles from the 
assumed plane be represented by the general formula 

p r -1 p' ,l'+p'' y -p See. — (ir X 4* ir' X'-|- rr" X"-f-i!ve.) 
p+p' + p" + &.v .+ *■+»' + ir" + &e. 


II<UV tilt! 

n etliuil of 
moments 
nay la* ap¬ 
plied to it. 


Moments 
■ aovt* plane 
of tlut.it inn. 


the point being found on one side or other of the 
assumed plane, according as p .r -j- [>' x' -\-p” x" -f ■ &c. 
is greater or less th in ir \ -j- ir \' -f- ir" X" -J~ &c. 

(tilts.) Wc regret that our limits will not permit us 
to exhibit the whole process of tins calculation, and that 
wc must (.online ourselves to a general description of 
results. It is usual in a case of this sort to assume the 
water’s surface as the given plane, and to throw all the 
weights, whether fixed or movable, into two classes, 
one of which shall have every individual centre of 
giavilv a bore the plane of dotation, and the other below. 
In (his way wo shall obtain the weights of such pints 
of the lower masts as aie above the plane of llolalioii, 
the top masts, the top gallant masts, and necessary ap¬ 
pendages, together with the yards and bowsprits, and 
likewise the distances of the centres of gravity of the in¬ 
dividual masses above the plane of Dotation. The former 
results would he so many values of p, and the latter 
of x. These values multiplied together will give the 
amount of the moment pi. In like manner must the 
weight of all the standing and running rigging be ob¬ 
tained, together with the distances of their respective 
centres of gravity Iroin the plane before alluded to. 
These results will give values for // and x', and lienee 
the amount of the moment p' J. So also the same 
elements must be obtained lor the cables, hawsers, &c., 
particular attention being paid to the place of their stow¬ 
age. The sails also when furled on their respective 
yards, and the spare sails as they are stowed in the sail- 
bins. The gnus also, forming so very important a part 
of the computation, must have their entire weights esti¬ 
mated, with all their appendages, mid also with the 
greatest cere have the distances ot their centres of gra¬ 
vity calculated from the assumed plane, after making 
every proper allowance for the curvature of the decks. 
In like manner the moments of the anchors, taken in 
their proper places of stowage, the boats, the furniture of 
all kinds, the men’s bedding, as stowed in the nettings, 
together with the entire moment of the men estimated at 
their quarters: all these, together with any other mo¬ 
ment which our limited space prevents us from enume¬ 
rating, when collected together, will give the smn of 
the moments above the water's surface. 


Moments (209.) In like manner, proceeding for the moments 
0 '*l"w plane below the water’s surface, a very important object is 
of notation, presented by the hull, separated as it is by the plane of 


flotation, into portions above and below the water’s sur- Navut Ar. 
face. To fiud this with precision, however, every Wud chitecture. 
of timber must be taken in succession, and, however v—' 

tedious be the process, the keel, the planking, the riders, 
the beams, the decks, the knees, whether of iron or wood’ 
the shelf pieces, water ways, and all the numerous parts 
constituting the hull,—each individual weight, with the 
corresponding distances of their centres of giavity from 
the plane of flotation, must be found to obtain the abso¬ 
lute moment of the hull. The water, whether contained 
in tanks or casks, must be computed with the same mi¬ 
nute attention to accuracy ; and so also must the wood 
and coals, as stowed in bulk. Tile specific gravity of 
each sepurate kind of provision must be found, and 
which, by knowing the bulk of the same, and the po¬ 
sition ot the centre of gravity, will furnish the moment 
desired. In the same manner, the wine and spirits ns 
stowed in the spirit rooms, the beer, the purser’s slops, 
and the men’s chests must have their respective moments 
found. The shot also, the powder in the magazines, the 
boatswain’s, gunner’s, and carpenter's stores, as depo¬ 
sited in their respective store rooms, each ami all of these 
must have their moments determined. 

(210.) To obtain the moment of the ballast, its ab¬ 
solute weight must first lie found. This may be com¬ 
puted by subtracting the absolute weight of all the 
preceding articles from the total displacement. To 
discover its centre of gravity, a plun of the intended 
stowage must be carefully prepared, and the position of 
this point thence carefully deduced. Its distance below 
the plane of flotation, multiplied into the weight of the 
ballast itself, will give the required momentum. 

(211.) These different iiimierie.il results, applied ill 
their proper order to the formula before given, will fur¬ 
nish the distnnre of the centre of giavity of the vessel 
from the plane of dotation ; and which will either he above 
or below, according as the linieion p r + //1 ’ + p"x" + 

&c. is greater or lesser than irX + r.'\' +ir"\" + I've. 

(212 ) The heights of the centres of gravity of two Results of 
ships of the line, determined by this method, were as **“ cx,un * 
follows: Bulwark of 70 guns, p„ths of a loot above the ' 
load water section; Ajax of 71 guns, ^ ills of a loot 
above the load water section. We ought to know with 
certainty ami precision the position of the centre of gra¬ 
vity of every ship. No amount of lulnuir can be too 
great lor determining this important element. 

(213.) It is necessary, however, to 1 m* able to ar- Mara con 
rive at a knowledge of the same by means more 
ready and piactical than that here alluded to. I 1 '-be adopted, 
stead of estimating the separate parts, and computing 
the individual moments, it inay be useful sometimes to 
lake a vessel as a mass, and determine her centre of 
gravity in her entire stale. A method of Chapman’s Kxperiinen- 
was applied by Captain Hindmarsh ami Mr. Morgtui to 
the .Scylla of 18 guns, which we shall briefly describe. 

The ship floated ill harbour perfectly quiescent, having 
all her weights balanced equally on each side. A large 
graduated quadiuut, having a plumb line attached to its 
centre, wus fixed in the inuin hatchway. The situations 
of the different guns were marked oil the deck. The 
guns were then moved in the same transverse lines to 
the other side. The shot and hammocks were also 
transposed to the inclined side, and the cicvv, which in 
the first place were equally distributed, were likewise 
disposed there. The distances which all the transferred 
weights had been moved were then measured, the sepa¬ 
rate amount of those weights being previously known. 
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N«»al Ar- Under these circumstances the inclination of the vessel 
chitgdure. wa9 carefully measured and found to be 6° 2 O' - 
Chapman's Chapman devised a formula, by which the 

formula. centre of gravity of a vessel under these circumstances 
might be obtained. Let each weight that has been 
transferred be multiplied by the distance it has been 
moved, and let the total amount of these momenta be 
divided by the total sum of the weights moved, and let 
N P, fig. 5, drawn at right angles to M F, be made 
equal to this quantity. Through N draw N Q parallel, 
and through P draw P Q perpendicular to a b. Then, 
by putting W to represent the total transferred weights 
in cubic feet of sea water, we shall obtain from the 
principles of Mechanics the equation 

WxNQ=DxGV, 

arising from the neces-ary equality existing between the 
momentum of (he weights when the ship is inclined 
through a given angle, nail the moment of the stability. 
Now by the formula for the stability 

DxGV = 4I-D#»; 

and since 

WxNQnffxNPx cos PNQ, 
we shall have 


W y NQ X cosP N P = 6 I — Das. 

Hence 

&l-VVXNPxcosPNQ 
““ Ds 


Applica¬ 
tion to tha 

Scylk. 


furnishing in given terms the distance between the 
centre of gravity of the vessel and of its displacement. 

(215.) Tn the practical case we have just adverted to, 
the transferred weights, multi pled into the distances they 
were respectively transferred, produced 264.5; and 
hence the preceding formula becomes 

„ a hI ~ 364.5 cos 6° 20' 

D sin 6° 20' i 


or by further substituting for the elements b, I and D, 
we shall have 


a 


446.2-262.8 

50.85 


= 3.6. 


Now the centre of gravity of the displacement being 
3.97 feet below the load water line, the distance of ihe 
centre of gravity of the whole ship below the same line 
will be 3.97-3.6 = 0.37 feet. 

(216.) At the time this experiment was performed, 
the Seylla had not her full complement of stores on 
board, her draught of water forward being 11 feet 6 inches, 
and abalt 14 feet 10J incites. Afie.r her additional 
stores were taken on board, amounting to 33.4 tons, 
her draught of water forward was increased to 12 feet 6 
inches, and abaft diminished to 14 feet 10 inches. The 
moment of these weights above the water line, esti¬ 
mated at the instant of sailing, was 193 tons, the height 
of tlie centre of gravity of the sails being taken as in a 
top-gallant breeze. The moment of the weights below 
thiR water line, at the time of the last experiment, was 
401 tons; and hence 


401 -193 
494.4 


= 0.42 feet. 


giving ft inches for the distance of the centre of gravity 
Mr. Bar- of the vessel, below the water line at the time of sailing, 
ton’s me- (217.) Mr. Barton, Naval Architect, has proposed to 
thod- run the whole or part of the guns ail, and to observe the 


new draught of water, together with the place of the guns Naval Ar. 
moved. From these data and the draught of the ship he ohitecture. 
proposes to determine this centre. Mr.Abethell, Assistant 
Master Shipwright at Sheerness, proposes to get rid of 
the difficulty of moving the weights, by attending to me thod. 
certain data when a ship is docked with the under side 
oftlic keel deviating from parallelism with the uppersur- 
facc of the blocks, which is almost always the case. We 
may suppose, he says, by the falling of the tide in the 
dock, the after extremity of the keel to come first in 
contact with the blocks. Then as the tide continues 
to lull, the after body will be gradually forsaken by 
the water, and the fore part further immersed; a 
constant equilibrium being maintained between the 
total weight of the ship, and the pressure of the water 
against the immersed part of the body, until the moment 
the ship is aground fore and aft. At any inter¬ 
mediate instant, the ship may be considered as a lever 
of the second kind, of which the fulcrum is the trans¬ 
verse line or point of contact of the keel and alter block, 
ami the power and weight, the weight of the immersed 
volume and of the ship respectively, each acting in the 
vertical line passing through its centre of gravity. As 
we can by a ready calculation iiom the draught of the 
ship, discover its weight, that of the immersed volume, 
nud the perpendicular distance of the line of pressure 
from the. fulcrum, the distance of the vertical line pass¬ 
ing through the centre of gravity of the ship is the only 
unknown quantity in the equation of moments to be 
determined. 

(218.) Supposing A N, fig. 9, to represent the natural 
water line of the ship, and K L the water line just at the 
moment when the fore part of the keel touches the 
blocks ; draw Q H through the centre of gravity of the 
volume KPML perpendicular to K L, mid F G pa¬ 
rallel to Q H. Then supposing the whole displacement 
under its ordinary circumstances to lie D, and that cor¬ 
responding to K F M L to be d, and G H = 4; if the 
liue S £ O be drawn parallel to Q II, at a distance G E 


from G equal to 


bd 

D’ 


it will as well as P B O 


pass 


through O, the centre of gravity of the ship. 

(219.) Mr. Major has given an ingenious method Mr. Major’* 
for finding the centre of gravity of a ship. Let the method, 
vessel be heeled to the same constant angle, by two 
separate horizontal lines, applied at different heights in 
the plane of the masts. It will then be evident that the 
momenta of the forces resulting from the separate appli¬ 
cations of the inclining forces must be equal, since the 
same constant force of stability represents them both. 

Let P and p represent these forces, and a, b the re¬ 
spective distances at which they act from the centre of 
gravity of displacement. Let A also be the angle of 
inclination of the ship from the perpendicular, and .rthe 
distance of the centre of gravity of the vessel from the 
centre of gravity of displacement. ^Then we shall obtain 
the following equation for the forces employed ; 


and 


P C« — *) cos A = p (6 — x ) cos A, 


x a 


P a — pb 


determining in known terms the elevation of the centre 
of gravity of the whole vessel above the centre of gra¬ 
vity of the displacement. 
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Naval Ar¬ 
chitecture. 

Ma*t>. 


On Meats. 

(220.) Theory has done little towards informing us respecting the lengths and dimensions of masts ; expe¬ 
rience, the great nurse of the useful Arts, must here be our guide. The following Table is derived from Edye's 
Naval Calculations. 


Naval Ar¬ 
chitecture. 


Dimensions 
vf masts 
■and yards. 


Dimensions. 


Names of Masts, Yards, Ac, 


f Fore mast. 
Lower mostsx Main mast. 

t Mizen mast 


Bowsprit. 


Fore. 


Main 


Mizen 


. J . 

'Top mast. 

[Top-gallant mast 
Lower yard. . .. 
Top-sail yard... 
Top-gallant yard 

[Top mast. 

[Top-gallant mast 
Lower yard.... 
Top-sail yard ... 
.Top-gallant yard 

Top mast. 

Top-gallant mast 
Cross jack yard .. 
Top-sail yard ... 
.Top-gallant yard , 


Driver boom . 
Driver gaff... 
Jib boom ... . 
Sprit-sail yard 


fFore mast , 
Lower masts.< Main mast . 

(Mizen mast 


Bowsprit, 


Fore 


Top mast.. 

Top-gallant mast 
Lower yard .... 
Top-sail yard ... 
k Top-gallunt yard 


Main 


Top most. 

Top-gallant mast 
Lower yard .... 
Top-sail yard ... 
Top-gallant yard 


Mizen 


Top mast. 

Top-gallant mast 
Cross jack yard . 
Top-sail yard ... 
Top-gallant yard 


Driver boom . 
Driver gaff ., 
Jib boom..,. 
Sprit-sail yard 


190 Quo*. 

80 Guns. 

7* 

Guns. | 

Razee 50 Guns. | 

09 

J tins 


Length. 

Dia¬ 

meter. 

Length. 

Dia¬ 

meter. 

Length. 

Dia¬ 

meter. 

Length. 

Dia¬ 

meter. 

Length. ! 

, meter. 

Vil.. 

in. 

Id. 

Yds. 

111 . 

In. 

Ydt. 

In. 

In t 

Yds. In. 

In. 

kMt. 

In.. 

iii. I 

3d 

2S 

36} 

36 

0 

36 

32 

30 

31} 

32 30 

33} 

30 

6 

31 

39 

32 

40 

39 

22 

39} 

36 

0 

36 

36 0 

36 

33 

6 ; 

31} 

27 

8 

24J 

27 

8 

24} 

24 

23 

21 * 

26 16} 

24 

24 

°t 

• 22 } 

25 

1 

36S 

23 

35 

36 

22 

0 

34* 

22 0 

34* 

21 

18, 

31} 

20 

34 

205 

20 

26 

20 } 

19 

8 

19} 

19 8 

19} 

19 

8 1 

19} 

10 

12 

lof 

10 

O' 

10 

9 

22 

9* 

9 22 

9* 

9 

22 | 

92 

30 

13 

21 } 

29 

33 

21 } 

28 

4 

19* 

28 4 

194 

28 

4 

19* 

21 

18 

13} 

21 

20 

13* 

20 

18 

12 } 

20 IS 

12 $ 

20 

18 

12 } 

14 

8 

83 

12 

34 

8 

13 

12 

8 } 

13 12 

8 } 

13 

12 

H 

•22 

34 

20 ?; 

23 

0 

20 } 

21 

22 

19} 

21 22 

19} 

21 

22 

19} 

11 

17 


11 

19 

11 J ! 

11 

0 

11 

11 0 

11 

11 

0 

11 

34 

28 

24 S 

34 

15 

24J 1 

82 

8 

22 * 

32 8 

2 z* 

32 

28 

22 * 

24 

20 

15} 

24 

27 

16 

23 

18 

145 

23 18 

14* 

23 

18 

14* 

16 

9 

10 

15 

12 

qn 

15 

10 

9} 

15 10 

9.1 

15 

10 

4 

16 

17 

13} 

16 

29 

14 

15 

32 

13 

15 32 

13 

15 

32’ 

13 

8 

8 

85 

8 

8 

8 } 

8 

0 

8 

8 0 

8 

8 

0 

8 

24 

2« 

15} 

24 

27 

16 

23 

18 

14* 

23 18 

14* 

23 

18 

14* 

16 

12 

10 /, 

16 

12 

10 > 

15 

13 

9* 

15 13 

9* 

15 

13 

9* 

12 

3 

0 } 

11 

12 

7 

10 

21 

6 * 

10 21 


10 

21 

H 

23 

7 

13} 

23 

13} 

13* 

22 

27 

12 } 

22 27 

123 

22 

7 

12 } 

17 

6 

125 

17 

13 

12 

16 

35 

11 * 

16 35 

11 * 

16 

35 

H* 

17 

18 

!5j 

16 

24 

H} 

16 

0 

14* 

16 0 

14* 

16 

<> 

.14* 

21 

18 

13} 

21 

20 

13* 

20 

18 

12 } 

20 18 

121 

20 

18 

12 } 

1 46 Guns. 

Razue Corvette, 
96 Gunt. 

i 98 Gun and 
| 18 Gun Coivette. 

18 Gun 

brig. 

10 

Gun 

brig. 

Length. 

Dia¬ 

meter. 

Length. 

Dia¬ 

meter 

Length. 

Dia¬ 

meter 

Length. 

meter. 

Length. 

Dia¬ 

meter. 

Yd.. 

In. 

In. 

Ydt 

In. 

In. 

Yds. 

In. 

In. 

Ydt. In. 

In. 

Yd*. 

In. 

In. 

27 

18 

25 

26 

34 

25g 

21 

18 

19 

19 33 

20 

15 

18 

16 

30 

0 

28 

29 

12 

28 

23 

24 

20 } 

22 27 

Op 

18 

O 

17} 

21 

25 

19 

20 

25 

19} 

18 

0 

16} 





18 

6 

26} 

18 

4 

26} 

14 

31 

21 * 

14 16 

20 

12 

0 

17 

15 

34 

16* 

15 

10 

16* 

12 

26 

12 } 

12 6 

12 } 

10 

12 

10 

7 

29 

7} 

7 

33 

nr 7 

* R 

6 

13 

6 * 

8 22 

7 * 

6 

18 

6 

23 

29 

164 

23 

19 

16* 

18 

12 

12* 

8} 

18 6 

n* 

16 

0 

11 

17 

28 

11} 

17 

20 

11 

13 

24 

14 ii 

8} 

12 

18 

S 

10 

35 

6| 

10 

24 

6* 

8 

12 


9 6 

6 

8 

24 

6 

18 

0 

16* 

IS 

0 

16* 

14 

14 

12} 

12 95 

12} 

10 

12 

10 

9 

0 

9 

9 

0 

9 

7 

7 

7* 

8 22 

H 

6 

le 

6 

27 

9 

181 

26 

34 

185 

21 

0 

14} 

18 7 

H* 

16 

11 

11 

It 

24 

12? 

19 

24 

124 

15 

18 

9} 

14 0 

4 

12 

1H 

8 

12 

18 

7} 

12 

18 

7j 

9 

16 

6 

9 6 

6 

8 

24 

6 

13 

24 

1U 

13 

18 

11* 

10 

29 

9 

a ■ ■ e 

9 # 

, # 



•6 

30 

6* 

m 

6 

27 

6} 

5 

16 

5- 

.... 

, • 

a . 


. • 

19 

24 

19 

24 

6i 

15 

18 

9 

.... 

. . 

. . 


V » 

13 

20 

4 

13 

12 

8 

10 

12 

5/ 

• • • • 

. . 

. . 



9 

12 

54 

9 

12 

5} 

7 

4 

4/ 

.... 

• • 




18 

21 

11} 

19 

12 

13/ 

14 

23 

81 

19 12 

13} 

16 

32 

11 

13 

0 

9» 

13 

22 

9} 

10 

3C 

7i 

11 12 

9? 

10 

4 

’} 

13 

5 

ni 

13 

1 

H| 

11 

C 

8* 

9 0 

8} 

9 

0 

8 

17 

28 

ii} 

17 

20 

11 

13 

24 

8} 

14 0 

8} 

12 

IS 

8 


3 e 
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Naval At- (221.) The positions of ships’ masts with regard to 
c iteeture.^ ^j le j en gtj, 0 f a e hij>, exercises an important influence on 
Position* of * ,er P rn pe rt *fs- The shilling of a mast often occasions 
ships’ important improvements in the sailing of a vessel. The 
masts with next Table contains the positions of the masts in frac- 
rvgard to tions of the ship’s length, on the load water line, and are 
* ® e “ Bt ’ the best with which experience has furnished us. 


Eats of the Ship, Eure Mast. 

Main Mast. 

Mizen Mast. 

120 guns . 

1 

20 

20 

8 

86 

24 

80 guns... 

5 

20 

20 

44 

36 

•24 

74 guns ...- 

r. 5 

20 20 

20 20 

— 10 ~ 

>9 43 

35 36 

23 *° 24 

Razee 50-gun shin. , 

& 

20 

20 


43 

36 

24 

52-gun frigate . 

J 

40 

20 

39 

20 

24 

46-guu frigate ..... 

5 

38 

20 

35 

20 

23 

Razee Corvette of) 

5 

20 

20 

26 guns . f 

42 

35 

24 

29-gun-ship. 

5 

39 

20 

35 

20 

23 

18-gun corvette .... 

5 

20 

20 

43 

36 

23 

i 

19-gun-brig . 

1 

6 

2 

3 


10-gnn-brig . 

5 

20 


•29 

31 


Schooner . 

1 

& 

20 

31 


Cutter . 

!““ 55 

of the length of the 


1 vessel on the load water line. 


Sopping*’ (222.) Sir Robert Scppings has invented a mast, at 
improved once distinguished for the beauty of the principle cra- 
raast. ployed in its construction, and for its very great economy. 

According to this ingenious plan, the largest piece of 
timber required for a first-rate mast, is 40 feet long, and 
10 inches square; whereas on the old plan, timber 22£ 
inches diameter and 84 feet in length was required. 
Its eeo- The mean expense stated by the officers of Deptford, 
nomy. Chatham, Portsmouth, and Plymouth Yards, for making 
& mast of a 74-gun ship, wholly of Riga timber, upon the 
old plan was .£124(1, and upon the new principle, of 
the same material, £306. In the instance of a 46-gun 
frigate, the cost upon the old plan is £631, and on the 
new £175. The whole saving in the nmin and fore¬ 
masts of 80 sail of the line would amouut to nearly 
£ 100 , 000 . 

Exceeds old (223.) ft is also worthy of attentive consideration, 
masts in that masts constructed upon the new principle, exceed 
durability. j„ durability those of the old. The large timber re¬ 
quired in the former plan, rendered it necessary to 


employ the yellow North American pine, in conjunction Naval As- 
with the Baltic pine ; a practice attended with the most ehitaetnm. 
disastrous consequences, since the mixing together of 
materials having different degrees of durability, limits 
the effective services of a mast to the least durable part 
of the materials of which it is composed. In the system 
of Seppings, one sort of wood only is employed, and there¬ 
fore any decay arising from the improper admixture of 
materials is entirely removed. 

(224.) The beautiful simplicity manifest in this mast Readiness 
renders also its repair or examination a matter of the with which 
greatest ease. In the event of any of the principal ll can 
parts of a mast constructed on the old plan requiring rer ‘“ lrc ‘ 
to he replaced, full onc-cighth of the mast was re¬ 
moved ; but cm the new system, independently of the 
facility with which the mast can iie separated, not more 
than one-thirty-sixth part requires to Ihj displaced. 

Another advantage resulting from the plan is, tile Such masts 
being able to have either end uppermost. If a mast bo 
wounded by shot or otherwise injured, and the damaged 
part can be housed below, the mast will frequently an¬ 
swer all the purposes required, by inverting it. Such an 
operation can be performed without removing any 
artiele essential to the construction of the mast. The 
facility, also, with which a mast may be fished or 
strengthened with iron instead of wood, deserves in the 
pvesent instance an attentive consideration. 

(225.) lu the ease of its being necessary to send u Must can 
mast abroad, a vessel that can stow a piece of timber be se, ‘ t . 
from 40 to 50 feel long, is equal to the conveying of a 
first-rate’s mast in parts. The Blanche frigate of 46 ^'ccs. 
guns, conveyed a fore mast for the Spartiateof 76gun9, 
in fragments, stowed upon her lower deck, which, on its 
arrival in South America, was with the greatest case and 
convenience put together. In the. old system, this ser¬ 
vice would require a ship equal to the receiving of a 
mast 140 feet long, and of proportionate dimensions; it 
being impracticable from the form and dimensions of 
the component parts, to be forwarded in pieces with¬ 
out the certainty of injury. 

(226.) Pig. 1. plate ii. gives a side view of a first- Description 
rate’s main must, the second figure being a view on the of a mast-of 
foreside of the mast. Pig 3 is a section of the inast a *“ 5t ' rute - 
taken between A and B, fig. 1, and showing the equal 
and parallel arrangement of the parts composing the 
mast. The section denoted by fig. 4, exhibits the 
directions in which the treenails are driven, and fig, b 
denotes a similar thing respecting the ends. Fig. 6 
shows the manner of disposing the treenails longitu¬ 
dinally. Fig. 7 is a section showing the method of 
fitting the bibbs. Fig. 8 is a skelcii of the screw hoop. 

There being a tendency for the outer lips of the hoops 
to close before the inner, a piece of wood of a compres¬ 
sible nature must be placed between the lips at the outer 
part, in order to prevent it, as seen at W, fig. 8. 

(227.) In putting the mast together, the bulls are to Mode of 
be coaked with coaks 3 inches diajneter and 6 inches r ,,,, hig >* 
long, ns shown in fig. 2; and the four centre pieces to K ether » 
forming the core or spiudle of the mast, arc to be tree- 
nailed together diagonally, as e d, figs. 4 and 6, by If 
inch treenails, placed 2 feet apart. Each pair of outer 
trees is to be fastened together, as shown at * A in fig. 4, 
with ljj-ineh treenails, driven about 2 feet apart. The 
whole of the mast is then to be connected together, as 
at a 6 and c, figs. 4 and 6, by through treenails If 
inch diameter, which are also to Inr placed at about B 
feet apart, care being taken that none of these treenaife 
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Naval Ap- come nearer to the outer butts than about 12 inches; 
chitiiuture. ail( l where they cross the treenails before driven, there 
must be a distance between them of about 6 inches. 
At the head and heel of the mast, fig; 5, where the outer 
trees arc tapered, J- inch bolts are to be used instead of 
the treenails marked i h. The holes for the treenails 
are to be payed with mineral tar, as in those bored in 
the ship’s side. 

Niwsary (228.) Many precautions are necessary in putting the 
jirec.iu. mast together. Great care is to be taken to bring the butts 
i .ota. into con ta C t with each other; and moreover to place 

the outside butts in the same section, opposite each 
other, so as to be exactly under the middle of the hoops. 
The ekings, or arris pieces, are also to be butted under 
a hoop, and the butts are to be so spaced, as to give a 
good scarf to the outer butts of the mast. A chamfer 
is to he taken off the inner angle of the ekings, as 
shown in fig. 4; and the ekings themselves are to be 
screwed to the mast with screws, in addition to the 
hoops, if required. Nails arc not to be used. 


On the Sail* of Ship*, and on the Centre of Effort of Naval Ar- 
the Wind on Sail*. chitoclure. 

(229.) The determination of esnet mid proper forms S . liN ° r 
for sails is a problem of great importance in Naval Ar- S 
chitecture. However admirable may be the properties 
of the hull, unless a proper regard be paid to the di¬ 
mensions of the masts, and the disposition and quantity 
of the canvass with which they are covered, the vessel 
may be found not to possess any of the properties her 
projector fondly anticipated. 

(230.) It is the impulse of the wind on the sails, Ktr. i-u »f 
which gives to a ship that headway which enables her w "nlmi th# 
to accomplish her destined voyage. This impulse evi- ' alls ‘ 
dently depends on the dimensions of the sails, so that a 
greater amount of canvass ought to produce an increased 
velocity in the ship. Hence sails are made, as large as 
the other properties of the vessel will permit, but there 
are limits in every vessel, beyond which it would be 
dangerous to pass, in the following Table are re¬ 
corded those dimensions of sails which the large expe¬ 
rience of our seamen and Dock-yards seems to have 
sanctioned. 


The Dimensions of the Principal Sails. 


Dimensions 
of the prm- 
opal sails. 


Sails. 

| First Rate. 

80. 

. *■ 

Run 60. | 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth. 

n»ii. 

Foot. 

Depths 

Head. 

Foot. 

Depth. 


Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. I„. 

Ft In. 

Ft In. 

.rib. 

. , , . 

52 6 

81 6 


51 0 

78 0 

. a. . 

50 0 

78 0 

. , . , 

50 0 

82 0 

I'orc course ... 

81 0 

78 6 

40 0 

80 0 

77 0 

45 0 

75 0 

71 0 

42 9 

75 0 

71 0 

50 0 

Toii-tail. 

SI 6 

82 0 

53 6 

51 2 

82 0 

54 3 

50 3 

77 6 

50 6 

50 3 

77 6 

00 6 

Tup-gallant tail.. 

38 6 

51 9 

28 8 

34 8 

54 9 

27 0 

35 9 

51 3 

26 4 

35 9 

51 3 

26 4 

Stay-sail.. 


• • * o 

.... 

. . . . 

a ■ • • 

. . * . 

• . . . 

too* 

.... 

0 0 * . 

• • • » 

• • a ■ 


03 10 

<)7 0 

4S 0 

«»2 *1 

<)fi 7 

52 0 

HTi 0 

t)ft f } 

48 Q 

8fi 0 

90 0 

r»ti o 

Top-sail.... 

f>0 9 

96 0 

60 9 

60 9 

91 10 

60 6 

57 6 

87 6 

57 3 

57 G 

87 6 

57 3 


43 8 

63 6 

32 6 

10 1 

63 6 

32 6 

40 3 

59 0 

30 0 

40 3 

59 0 

30 0 

G an top-nail. 

... . 

.... 

• 0.0 

.... 

0*0. 

0.00 

oo.o 

to.* 

, , . . 

.... 

* . . • 

.... 

Mizcii lop-sail... 

41 9 

53 6 

43 6 

11 9 

63 6 

44 0 

38 6 

57 6 

41 0 

38 6 

57 6 

11 0 

Top-gallant sail 

32 0 

43 2 

22 0 

30 3 

43 2 

22 0 

27 6 

40 0 

22 0 

27 6 

40 0 

22 0 

Driver.. 

47 0 

G2 5 

32 Gl 

47 0 

62 6 

36 Ol 

45 0 

60 0 

32 01 

45 0 

60 0 

36 6) | 




| 63 6/ 



63 6/ 



51 0/ 



50 fi (j 


62-Gun Frigate. 


48. 


| Ilarie Corvette. 26 Gun*. 

| ‘28 Gmi-sblp. I 

Jib . 

0 0.. 

50 0 

74 0 

„ . 

41 0 

62 0 

• _ _ 

40 0 

64 0 

, . . . 

32 0 

,VJ () 

Fore course .• • •. 

75 0 

71 0 

41 0 

64 A 

62 0 

39 0 

63 0 

62 0 

35 6 

49 0 

47 6 

31 0 


r>n 3 

77 6 

50 6 



42 0 


G5 0 

41 o 

:U2 fi 

r>» o 

44 fi 

Top-gall .nit sail . .. 

35 9 

51 3 

26 4 

28 0 

44 0 

20 6 

28 0 

44 0 

20 6 

22 0 

34 6 

17 6 

Stay-tail. 

.... 

• o.o 

.... 

. „ . „ 

.... 

.... 

.... 

■ 00. 

.... 

. . . , 

• • . . 

.... 

Main courts ... 

85 0 

90 6 

45 0 

73 0 

70 10 

41 0 

72 6 

76 0 

42 3 

55 8 

60 0 

31 0 

Top-sail... 

57 6 

87 C 

57 3 

46 6 

74 6 

47 0 

46 6 

74 0 

45 6 

36 6 

56 9 

36 0 

Topgallant tail .. 

40 3 

59 0 

30 0 

33 0 

49 0 

23 6 

33 0 

49 0 

23 6 

25 0 

39 0 

19 6 

Gaff lop-tail... 

• # • • 

.... 

.... 

• e ® a 

• to* 

• • • • 

.... 

.... 

. 

.... 




38 5 

57 6 

41 0 

34 0 

49 9 

33 0 

34 0 

49 0 

33 0 

25 0 

38 0 

2.1 0 

Top-gallant tail........ 

27 6 

40 0 

22 0 

25 6 

36 0 

18 0 

25 0 

36 0 

18 0 

18 6 

27 0 

14 6 


45 0 

60 0 

32 0) 

36 0 

51 0 

31 0) 

35 0 

53 0 

28 0) 

30 0 

39 0 

25 Ol 




54 0/ 



51 Of 



49 Of 



41 6 J 


18 Gun Corvette. 

18 Gun.brig. 

10 Gun*hrlff. j 

Schooner. | 

Jib....... 

• 00. 

34 6 

51 0 

• OO* 

30 0 

45 0 

0.0. 

27 0 

39 6 

• • • • 

23 0 

38 6 











Gaff 

for* 

sail. 

Foie courea .. 

49 0 

47 6 

31 0 

47 6 

46 0 

28 0 

42 ii 

40 9 

22 0 

24 0 

37 0 

39 Oi 




l 









53 Of 


32 r, 

50 0 

33 6 

33 0 

49 0 

31 0 

28 6 

43 6 

27 0 

24 0 

50 0 

26 0 

Top-gallant toil.. 

22 0 

34 6 

17 6 

23 6 

36 0 

24 0 

23 0 

30 6 

18 0 

20 0 

30 0 

10 0 

'Stay-sail... 

o » • • 

• 0.0 

• o • • 

0*0* 

'.... 

• • • • 

• 0 • 0 

• o . • 


• • • • 

30 0 

37 0 

Main courts.... 

55 8 

60 0* 

36 0 

48 0 

56 0 

36 6 

42 8 

50 0 

28 0 


( . . . 

.... 


36 6 

56 9 

36 0 

33 0 

49 6 

33 0 

?8 6 

43 6 

27 0 

■ • • • 

• • • • 

• . * • 

Top -gallant tail ........ 

25 0 

39 0 

19 6 

23 6 

36 0 

24 0 

23 0 

30 6 

18 0 

. . , . 

.... 

.... 

Gaff top-sail. 

■ • • . 

• * o • 

• 00* 

• # • • . 


■ • o • 

• • • • 

• • • • 

. . . , 

7 0 

28 0 

35 (>l 













22 of 


25 0 

38 0 

23 0 

• • a • 

• • • • 

• • • • 

• • • 0 

0*0* 

• • • o 

• • • • 

• • • • 

.... 

Top-gallant tail. ..... .. 

18 6 

27 0 

14 6 


• * ■ • 

0 • . • 

.... 

. • • • 

. , . , 

.... 

• • • « 

.... 

Driver... ... 

29 6 

39 0 

27 9) 

30 0 

49 0 

32 Oi 

28 0 

47 0 

23 0) 

25 6 

50 0 

43 6 1 




45 Of 



50 Of 



41 Of! 

1 

1 

59 lif 


3 b 2 
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NAVAL ARCHITECTURE. 


Naval Ar¬ 
chitecture. 

Positions of 
ships' 
ma.ts with 
regard to 
the length. 


(221.) The positions of ships’ masts with regard to 
the length of a ship, exercises an important influence on 
Iter properties. The shifting of a mast often occasions 
important improvements in the sailingof a vessel. The 
next Table contains the positions of the masts in frac¬ 
tions of the ship's length, on the load water line, and are 
the best with which experience has furnished us. 

Buts of the Ship. Fore Mast. Main Mast. Mizen Mast. 
120 guns... 

80 guns. 

™ guns.—to 


RiiZtV 50-gun shin.. _ 


52-gun frigate. 
46-guu frigate 

Razee Corvette of 
26 guns ... 

28-gun-ship. , 


X 1 

f 42 


18-gun corvette ... . 


18-gun-brig. 


10-gnn-brig. 


Schooner. 


Cutter. 


1 

20 

20 

8 

36 

24 

5 

20 

20 

44 

36 

24 

5 

to — 

i 43 

20 20 
35 10 36 

20 20 
23*°24 

5 

20 

20 

43 

36 

24 

5 

20 

20 

40 

39 

24 

5 

20 

20 

38 

35 

23 

5 

20 

20 

42 

35 

24 

5 

20 

20 

3!) 

35 

23 

5 

20 

20 

43 

36 

23 

1 

2 


6 

3 


5 

20 


29 

31 


1 

20 


5 

:fi 



j Mast 
I vet 


of the length of the 
vessel on the load water line. 


(222.) Sir Robert. Seppings has invented a mast, at 
once distinguished for the bcuuty of the principle em¬ 
ployed in its construction, and for its very great economy. 
According to this ingenious plan, the largest piece of 
timber required for a first-rate mast, is 40 feet long, and 
10 inches square; whereas on the old plan, timber 22.J 
inches diameter and 84 feet in length was required. 
Its eco- The mean expense stated by the officers of Deptford, 
oomy. Chatham, Portsmouth, and Plymouth Yards, for making 
a mast of a74-guu ship, wholly of Riga timber, upon the 
old plan was £1246, and upon the new principle, of 
the same material, £306. In the instance of a 46-gun 
frigate, the cost upon the old plan is £631, and on the 
new £175. The whole saving in the main and fore¬ 
masts of 80 soil of the line would amount to nearly 
£100,000. 

Exceeds old (228.) It is also worthy of attentive consideration, 
masts in that masts constructed upon the new principle, exceed 
lurability. j n durability those of the old. The large timber re¬ 
quired in the former plan, rendered it necessary to 


can be in- 
\ cried. 


abroad in 

separate 

pieces. 


employ the yellow North American pine, in conjunction Naval A> 
with the Baltic pine; a practice attended with the most chitcctuw. 
disastrous consequences, since the mixing together of N """ 
materials having different degrees of durability, limits 
the effective services of a mast to the least durable part 
of the materials of which it is composed. In the system 
of Seppings, one sort of wood only is employed, and there¬ 
fore any decay arising from the improper admixture of 
materials is entirely removed. 

(224.) The beautiful simplicity manifest in this mast Readiness 
renders also its repair or examination a matter of the with which 
greutest ease. In the event of any of the principal il can ** 
parts of a mast constructed on the old plan requiring rei “‘ rc * 
to he replaced, full one-eighth of the mast was re¬ 
moved ; but on the new system, independently of the 
facility with which the mast can he separated, not more 
than one-thirly-sixth part requires to he displaced. 

Another advantage resulting from the plan is, the Such masts 
being able to have either end uppermost. If a mast be 
wounded by shot or otherwise injured, and the damaged 
part can be housed below, the mast will frequently an¬ 
swer all the purposes required, by inverting it. Such an 
operation can be performed without removing any 
article essential to the construction of the mast. The 
facility, also, with which a mast may be fished or 
strengthened with iron instead of wood, deserves in the 
present instance an attentive consideration. 

(225.) In the case of its being necessary to spnd a Mast can 
mast abroad, a vessel that can stow a piece of timber aen *. 

from 40 to 50 feel long, is equal to the conveying of a ’ ” 
first-rate’s mast in parts. The Blanche frigate of 46 
guns, conveyed a fore mast for the Spartiate of 76 guns, 
in fragments, stowed upon her lower deck, which, on its 
arrival in South America, was with the greatest case and 
convenience put together. In the old system, this ser¬ 
vice would require a ship equal to tlie receiving of a 
mast 140 feet long, and of proportionate dimensions ; it 
being impracticable from the form and dimensions of 
the component parts, to be forwarded in pieces with¬ 
out the certainty of injury. 

(226.) Fig. 1. plate ii. gives a side view of a first- Description 
rate’s main mast, the second figure being a view on the of a mast'of 
foreside of the mast. Fig 3 is a scctiou of the mast a ^ ri *‘ ra,c ' 
taken between A and B, fig. 1, and showing the equal 
and parallel arrangement of the parts composing the 
mast. The section denoted by fig. 4, exhibits the 
directions in which the treenails arc driven, and fig. 5 
denotes a similar thing respecting the ends. Fig. 6 
shows the manner of disposing the treenails longitu¬ 
dinally. Fig. 7 is a section showing the method of 
fitting the bibbs. Fig. 8 is u sketch of the screw hoop. 

There being a tendency for the outer lips of the hoops 
to close before the inner, a piece of wood of a compres¬ 
sible nature must be pluccd between the lips at the outer 
part, in order to prevent it, as seen at W, fig. 8. 

(227.) In putting the mast together, the butts are to Mode of 
be conked with coaks 8 inches diameter and 6 Jnches r ,l, ting it 
long, as shown in fig. 2 ; and the four centre pieces *°g et her, 
forming ths core or spindle of the mast, arc to be tree- 
nailed together diagonally, as e d, figs. 4 and 6, by 1 £ 
inch treenails, placed 2 ieet apart. Each pair of outer 
trees is to be fastened together, os shown at i h in fig. 4 , 
with 1 J-inch treenails, driven about 2 feet apart. The 
whole of the mast is then to be connected together, os 
at a b and c, figs. 4 and 6, by through treenails 1J 
inch diameter, which are also to be placed at about 2 
feet apart, care being taken that none of these treenails 
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Naval Ai* come nearer to the outer butts than about 12 inches; 
cbitecture. anr j where they cross the treenails before driven, there 
must be a distance between them of about 0 inches. 
At the head and heel of the mast, fig 1 5, where the outer 
trees are tapered, J inch bolts are to be used instead of 
the treenails marked ih. The holes for the treenails 
are to be payed with mineral tar, as in thoso bored in 
the ship's side. 

Necessary (228.) Many precautions are necessary in putting the 
prec.ui* mast together. Great care is to be taken to bring the butts 

-ions. into close contact with each other ; and moreover to place 

the outside butts in the same section, opposite each 
other, so as to bo exactly under the middle of the hoops. 
The ekings, or arris pieces, are also to be butted under 
a hoop, and the butts are to be so spaced, as to give a 
good scarf to the outer butts of the mast. A chamfer 
is to be taken off the inner angle of the ekings, as 
shown in fig. 4; and the ekings themselves are to be 
screwed to the mast with screws, in addition to the 
hoops, if required. Nails are not to be used. 


On the Sails of Ship*, and on the Centre of Iiffort of Naval Ar* 
the Wind on Sails. chiteclure. 

(229.) The determination of exact and proper forms S . aiK oC 
for sails is a problem of great importance in Naval Ar- 
chitccture. However admirable may be the properties 
of the hull, unless a proper regard" lie paid to the di¬ 
mensions of the masts, and the disposition and quantity 
of the canvass with which they ure covered, the vessel 
may be found not to possess any of the propettics her 
projector fondly anticipated. 

(230.) It is the impulse of the wind on the sails, KtlWts of 
which gives to a ship that headway which enables her wl " 1 ' 1 " 1 <•!>« 
to accomplish her destined voyage. This impulse evi- 
dently depends on the dimensions of the sails, so that a 
greater amount of canvass ought to produce an increased 
velocity in the ship. Hence sails are made as large us 
the other properties of the vessel will permit, but there 
are limits in every vessel, beyond which it would be 
dangerous to pass. In the following Table are re¬ 
corded those dimensions of sails which the large expe¬ 
rience of our seamen and Dock-yards seems to have 
sanctioned. 


The Dimensions of the Principal Sails. 


Dimensions 
of the piiu- 

4ipal belli*. 


Sails. 

First Rate. 

80. 


naira 00. j 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth* 

Head. 

Foot. 

lfi-jilh. 


Ft. In. 

Ft. In. 

Fr. In. 

Ft. III. 

Ft. in 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Jib .. 

• • a • 

52 6 

81 6 


51 0 

78 0 

.... 

50 0 

78 0 

.... 

50 0 

82 0 


81 0 

78 fi 

40 0 

80 0 

77 0 

45 0 

75 0 

71 0 

42 9 

75 0 

71 0 

no o 

Top-sail . 

51 6 

82 0 

53 6 

51 2 

82 0 

54 3 

50 3 

77 6 

GO 6 

50 3 

77 G 

30 G 

Tup-gal hint sail.. 

38 0 

04 9 

28 8 

34 8 

54 9 

27 0 

35 9 

51 3 

2G 4 

35 9 

51 3 

2G 4 

Stay-sail...... 

.... 

,, ,, 

.... 

.... 

* • • a 

a a • a 

a . a • 

e . ■ a 

■ ■ S a 

a a a • 

a • a • 

ate. 


93 10 

07 0 

45 0 

‘>2 9 

96 7 

52 0 

66 0 

90 6 

46 9 

86 0 

90 6 

56 0 

Top-sail . 

GO 9 

96 0 

60 9 

60 9 

94 10 

60 G 

57 6 

87 6 

57 3 

57 6 

87 6 

37 3 

Top gallant sail ........ 

48 8 

G3 6 

32 G 

40 1 

63 6 

32 6 

40 3 

59 0 

30 0 

10 3 

50 0 

30 0 

Gaff lop-sail .. 

• • e # 

.... 

.... 

.... 

. a . . 

• . t . 

, . , , 

... a 

. . . • 

.... 

a a • a 

.... 

Mizeit tup-sail. 

41 9 

63 6 

43 6 

11 9 

63 6 

44 0 

38 6 

57 G 

-11 0 

38 6 

57 G 

■11 0 

Top-gallant sail .. 

32 G 

43 2 

22 0 

30 3 

43 2 

22 0 

27 6 

40 0 

22 0 

27 6 

40 0 

22 0 

Driver . . . . 

47 0 

62 6 

32 61 

47 0 

62 G 

36 01 

45 0 

60 0 

32 01 

45 0 

60 0 

:i« fi 1 




63 6/ 



63 6f 



51 Of 

i 


58 fif 


52-nun Frigate. 

«• 

| Haute Corvette. 26 Gun*. 

2S Gun-ship. 



50 0 

74 0 

i _ 

41 0 

| 62 0 

.... 

40 0 

64 0 

• a a a 

32 0 

52 0 

Fore course ... 

75 0 

71 0 

41 0 

64 6 

G2 0 

39 0 

63 0 

G2 0 

35 6 

49 0 

47 G 

31 0 

Top-sail .. 

50 3 

77 6 

50 6 

42 6 

65 6 

42 6 

42 0 

G5 0 

41 0 

32 6 

50 0 

33 « 

Top-gallant sail . a . • .. 

35 9 

51 3 

26 4 

28 0 

44 0 

20 6 

28 0 

44 0 

20 6 

22 0 

34 6 

17 « 

Stay-sail.. .. 

• • • • 

.... 


if - - - 


. • . • 

.... 

.... 

.... 

a a a a 

a a . a 

■ a a a 

Main course ... 

86 0 

90 6 

45 0 

73 0 

7G 10 

41 0 

72 6 

76 0 

42 3 

55 8 

60 0 

34 0 

Top-sail . 

57 6 

87 6 

57 3 

46 6 

74 6 

47 0 

46 6 

74 0 

45 6 

36 6 

5G 9 

36 0 

Top-gallant sail . 

40 3 

59 0 

30 0 

33 0 

49 0 

23 6 

33 0 

49 0 

23 6 

25 0 

39 0 

19 G 

Gaff top-soil ... 

• • e • 

#••• 


• • • • 


« a . . 

■ • ■ « 

e e • • 

.... 

• . a a 

a a a • 

.... 

Mizcn top-sail ................ 

38 G 

57 6 

4] 0 

34 0 

49 0 

33 0 

34 0 

49 0 

33 0 

25 0 

38 0 

23 0 

Top-gallant sail .. 

27 G 

40 0 

22 0 

25 6 

36 0 

18 0 

25 0 

30 0 

18 0 

IS 6 

27 0 

14 6 


45 0 

GO 0 

32 01 

36 0 

51 0 

31 01 

35 0 

53 0 

28 01 

30 0 

39 0 

25 01 




54 Of 



51 0/ 



49 0/ 



41 Gj 


18 Gun Corvette. 

18 Gun. brig. 

10 Gun-brig. 

Schooner. 


• a • a 

34 6 

51 0 

■ at* 

30 0 

45 0 

a a • • 

27 0 

39 6 

a a a a 

23 0 

38 G 






_ 





Gaff 

fora 

tail. | 


49 0 

47 6 

31 0 

47 6 

46 0 

28 0 

42 '8 

40 9 

22 0 

24 0 

37 0 

39 01 




\ 









53 0f| 


32 6 

50 0 

33 6 

33 0 

49 0 

31 0 

28 6 

43 6 

27 0 

24 0 

50 0 

26 0 

Top-gallaut sail... 

22 0 

34 6 

17 6 

23 6 

36 0 

24 0 

23 0 

30 G 

18 0 

20 0 

30 0 

10 U 


• ■ a • 

e a • ■ 

■ eta 

• • • • 

*.... 

a a • a 

a • a • 

a a « • 

• • • a 

a a • a 

30 0 

37 0 


55 8 

60 0* 

36 0 

48 0 

56 0 

36 6 

49 8 

50 0 

28 0 

.... 


. . a . 

Top-sail .. 

36 6 

56 9 

36 0 

33 0 

49 6 

33 0 

?8 6 

43 6 

27 0 

a a a a 

a a a a 

.... 

Top-gallant sail ........ 

25 0 

39 0 

19 6 

23 6 

3b 0 

24 0 

23 0 

30 6 

18 0 

ease 

a a a a 

. a a • 


• • • » 

• • • • 


a a • a 

# a a a 

a a • • 

a a e a 

a * a a 

• • a a 

7 0 

28 0 

35 01 
or 


25 0 

38 0 

23 0 

a • a • 

a • • a 

a • a a 

a • a • 

• • • • 

a a a a 

• a a • 

a a a • 


Top-gallant sail . 

18 G 

27 0 

14 6 


.a.. 

■ a a a 

■ sea 

• • a a 

. . a a 

a a a a 

.... 

.... 

Driver .... 

29 6 

39 0 

27 91 

30 0 

49 0 

32 0) 

28 0 

47 0 

23 01 

25 6 

50 0 

41 6 \ 




45 Of 


— , 

50 Of 

„ . - - 

___ 

41 of: 

— 


59 6 f 
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NAVAL ARCHITECTURE, 


Naval Ar- (231.) A knowledge of the exact position of the 
chitectwre. centre of effort of all the sails of a ship of each class, is 

■'v'—an element of very great importance, and with the area 
, Centra of 
effort. 


of the sails, and some of the elements, are entered in the Naval Ar. 
succeeding Table: chitecw 


Kamel of the Solti. 

- ISO Oaas. 

60 Guns. 

• 

74 Guns. 

Area 
of the 
Sails. 

| Centre of Effort 

Ares 
of the 
sails. 

| Centre of Effort. 

Ares 
of the 
. Sells. 

Centre of Effort. | 

Above 

the 

Load 

line. 

Front the Centre 
of Flotation. 

Above 

the 

Load 

line. 

From the Centre 
of Flotation. 

Above 

the 

Losd 

line. 

From the Centre 
of Flotation. 

Afore. 

Abaft. 

Afore. 

Abaft. 

Afore. 

Abaft. 

Jib . 

Fore . .. 

Top-Sail ... 

Top-gallant (nil .. 

Main eourae . 

Top-sail ..a... 

Tup-gallant tail . 

Miron (op-sail .. 

Tup-gallant pail .. 

Driver .. 

Tola] area of the sails . 

The centre of effort of the sails, 1 
afore the centre of flotation ... J 
Ditto above the load water line .. 

Load draught of water ^^^ war ''' 

Feet. 

2132 

3210 

3577 

1334 

4305 

4740 

1701 

2300 

834 

2457 

Ft. In. 

73 0 

52 0 
98 0 

141 0 

53 6 
104 6 
152 0 

92 C 
126 6 
60 6 

Ft. In. 
135 0 

76 6 

77 3 
77 9 

Ft. In. 

a a a • 

• . . • 

a . a ■ 

ii'o 

11 G 

12 6 

70 6 

71 6 
102 3 

Feet, 

1989 

3537 

3600 

1205 

4914 

4704 

1682 

2314 

806 

2825 

Ft. In. 

73 0 
50 6 
98 0 
141 0 
50 6 
105 6 
153 0 
92 6 
126 6 
53 0 

Ft. In. 
131 0 
73 0 
73 0 
73 0 

• a a a 

a • • a 

a a • a 

• a a a 

a a a a 

• ■ a a 

Ft. In. 

a a • a 

a a a a 

ii'o 

13 0 

14 0 
65 6 
67 0 
95 0 

Feet. 

1950 

3120 

3221 

1144 

4300 

4140 

1469 

1962 

737 

2243 

Ft. In. 

67 0 
45 9 
91 6 
131 0 
47 6 
99 6 
143 0 
84 6 
116 4 
49 0 

Ft. In. 
118 0 
67 2 
67 2 
67 2 

• a a a 

a a a a 

• a a a 

a a . . 

Ft. In. 

ii'o 

12 4 

12 8 

65 0 

65 9 

94 6 

26652 

.... 

• • • • 

.... 

27576 

.... 

• a a ■ 

. a a a 

24286 

a a a a 

a... 

...» 

Ft. In. 

11 9* 

87 U 

24 7 

26 0 

Ft. In. 

9 1| 

83 10} 

21 9 

25 0 


Ft. In. 

9 7* 

78 5* 

20 11 

23 9 

Razle of A0 Guns. 

62 Gun Frigate. 

46 Gun Frigate. 

Jib . 

Fore conrse ... 

Top-sail .. 

Top-gallant sail.......... 

Main . . 

Top-sail.. 

Top-gallant sail. 

Miron top-sail a a.... 

Top-gallant sail . 

Driver... . 

Total area of Ibe sails . 

Ths centre of effort of tho sails, 1 
nforo tlie centre of flotation ... | 
Ditto, above the load water line ■ 

Load draught of water j ' 

Jib . 

Fore course .... 

Top-sail ... . 

Top-gallant sail ......... 

Main course . .. 

Top-sail ... 

Top-gallant sail .. 

Misen top-sail . 

Top-gallant soil . 

Driver ... 

Total area of the sails . 

Tie centre of effort of the soil*,! 

■fora the centre of flotation .. J 
Ditto, above the load waterline . 

Load draught of water 

2100 

3654 

3221 

1144 

4928 

4140 

1469 

1962 

737 

2421 

65 0 
45 0 
93 0 
132 6 
47 0 
102 0 
145 0 
83 0 
116 0 
44 0 

120 0 
07 2 
67 2 
67 2 

a a • a 

• • . • 

• • e • 

.sea 

a a a • 

a . . a 

a a a a 

a a . . 

ii'o 

12 4 
12 8 
65 0 
65 4 
92 0 

1850 

2993 

3221 

1144 

3971 

4140 

1469 

1962 

737 

2243 

58 0 

39 9 
85 0 

125 0 

40 0 
90 0 

133 6 
74 6 
106 4 
40 6 

117 0 
65 0 
65 0 
65 0 

a a a a 

• a • a 

a • a • 

■ tea 

a • . a 

• . a a 

a a a a 

a a a a 

. a a a 

a a a a 

11 0 

11 G 

12 0 
62 0 
63 0 
90 3 

1280 

2457 

2241 

738 

3075 

2790 

972 

1369 

549 

1783 

48 6 
37 6 
76 4 
108 9 

37 6 
81 8 

118 3 
68 9 
96 9 

38 0 

103 0 
56 0 
56 0 
56 3 

a a a a 

a a a a 

a . a a 

a a a • 

* a • a 

io’o 

10 3 
io r. 

55 0 
55 9 
67 6 

25776 

.... 

.... 

a • a • 

23730 

•an* ! naea 

a a a a 

17254 

.... 

.... 

aa a . 

Ft. In. 

10 2| 

76 62 

20 3 

21 6 

Ft. In. 

9 0 

71 01 

19 5 

20 5 

Ft. In. 

8 If 

62 6 

17 6 

19 2 

Razee Corvette, 96 Guns. 

28 Gun ship. 

18 Gun Corvette. 

1248 

2225 

2193 

738 

3142 

2743 

972 

1369 

549 

1694 

45 4 
35 6 
72 6 
104 0 
35 0 
77 3 
113 0 
65 0 
93 0 
35 0 

99 9 
54 9 
54 6 
54 0 

a a a a 

• * - a 

• • a a 

a . a a 

a a a a 

• • • a 

• a a • 

a a a • 

a a a • 

io’o 
11 0 
12 0 

54 0 

55 3 
76 0 

845 

1500 

1383 

495 

1972 

1674 

624 

724 

329 

1065 

40 0 
29 0 
60 3 
87 0 
31 6 
65 3 
96 0 
56 0 
73 6 
3‘i 0 

78 fi 
43 0 
43 0 
43 0 

a a a a 

a a a a 

a a a . 

a . * a 

a a a a 

• eS# 

a a a a 

7 0 

7 3 

7 6 
41 0 
41 6 
55 6 

879 

1500 

1383 

495 

2082 

1674 

624 

724 

328 

1242 

34 6 

29 0 
60 3 
87 0 

30 6 
65 3 
96 0 
56 0 
78 6 
26 6 

80 0 
43 0 
43 0 
43 0 

•• V 

6 G 

7 6 

8 6 

41 6 

43 0 

59 0 

16873 

• • e • 

a a a a 

aa a a 

10611 

a • a • 

. e a a 

a a . a 

10911 

.... 

a a a a 


Ft. In. 

5 3* 

59 91 

17 Oi 

18 5J 

Ft« In. 

7 41 

50 51 

15 2 

15 7 

Ft. In. 

G 1 

48 7| 

14 8 

15 3 
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Figure il- (232.) In fig. 9, plate ii., we shall find the centre of 
lufitruting gravity of the several sails, together with the centre of 
gravity and ei *°rt °f the whole system'of sails, for two first-rates; the 
centres of Britannia's class denoted by the strong lines A, and the 
effort, St. Vincent’s class by the ticked lines B. The plates 
given by Edye on this subject deserve an attentive con¬ 
sideration. , 

On the Resistance of Fluidt. 

(233.) This subject, lying at the very root of Naval 
Architecture, is very defective, notwithstanding the 
Splendid efforts made by the most transcendent’minds for its 
names con- j m p roV ement. We may mention the names of Newton, 
resistance Huygens, Euler, Daniel Bernoulli, D’AIemhert, Don 
of tiuids. Juan, Bougner, Condorcet, Borda, Bossut, Chapman, 
and many others, to show that no ordinary interest must 
attach itself to a subject, which, independent of its many 
useful applications, has offered so many attractions of 
high scientific interest. 

Properties (234 ) In a general way it may be said, that the 
°r * u\'^ t properties of a ship may be classed under two general 
two heads. 0 heads with regard to the fluid on which it floats; viz. 

those independent of any change of situation, and those 
which are called into activity when the body is in motion. 
In the midst of the difficulties which attach themselves 
on all sides both to the theory and experimental elu¬ 
cidation of the subject, it is fortunate that the great ele¬ 
ments on which the safety as well as the general effi¬ 
ciency of a ship depend, are to be found among the 
former, and may be estimated with certainty and cor¬ 
rectness; while those which relate to the form most 
essential to velocity, and which though not'essential, are 
nevertheless of the greatest relative importance, are in¬ 
vested with the greatest difficulties, and to lie found 
among the latter. Should the progress of knowledge at 
any future time disclose to us the real functional equa¬ 
tions on which this important subject depends. Naval 
Architecture will make a greater and more decided step 
than it has ever yet done. 


(235.) Our limits will not permit us to pursue this General cir- 
subject into its varied and beautiful details, and we cumstanee*. 
must, therefore, content ourselves with recording gene- on which 
rally, in the words of Dr. Iutnan, the circumstances on 
which the resistance to ships moving with the same ^ips da- 
velocity seem to depend: peml». 

First, on the area of the midship section, as causing 
a greater or less displacement of fluid by the motion of 
the ship. 

Secondly, on the form of the fore body, as causing 
more or leBS additional resistance from the motion of 
the ship, considering only the inertia of the particles 
displaced ; that is, supposing the void space left astern 
in consequence of this displacement to be instantly 
filled again by the fluid. 

Thirdly, on the form of the after body, as causing a 
greater or less diminution of pressure forward, on 
account of the motion of the ship alone. 

Fourthly, on the shape of the whole body, as afford¬ 
ing a' more or less easy and rapid transit of the dis¬ 
placed fluid to the stern, or to the void space, which 
would otherwise be left behind the ship for an instant. 

Fifthly, on the form of the whole body, with respect 
to direction and the quantity of superficies, as causing 
more or less friction, and more or less adhesion of the 
fluid. 

On the Stowage of Ships. 

(236.) Thp best constructed ship may be so badly stowage, 
stowed, that she may fail to gratify in any way the i,n i ,urt * 
ardent expectations of her constructor.* On the other allC,- '• 
hand, an experienced seaman, intimately conversant with 

* The Thunderer 84, recently commissioned, affords an example. 

Built after the beat model, at is understood, yet when commissioned 
by that thorough-bred sailor Captain Wise, and stowed exactly 
accordant to the plana and directions furnished to him, she was 
found entirely to fail. Aflcr leaving Sheornon, she toot in 90 tons 
of additional ballast; and on her arrival at Malta, the was entirely 
restowed. 



















382 


NAVAL ARCHITECTURE. 


Naval At- the mechanical effects of stowage, may correct many of 
chitectute. the errors of a badly formed vessel. Hence an atlen- 
tive consideration of the effects of stowage is of the 
greatest importance to Navul Architecture. 

Stowage (237.) By the stowage of a ship is meant the dis- 
apiiliijil to position of her ballast and stores. Many of the weights 
'vei'di'ts! ‘ a a s h’P* are necessarily fixed by circumstances, and it 

' e s 1 is, therefore, only to the movable weights, the ballast, 

and part of the stores, that any inquiries respecting the 
effects of stowage can be applied. 

Stores ami (238.) The quantity of stores and ballast in a ship is 
ballast, one of the very first elements in the great problem of 
stowage.* This mflst depend on the class of vessels, 
and the service for which they are intended. As a 
general principle it may be remarked, that no ship 
should be incapable of stowing four months* provisions, 
with the necessary complement of stores. There can 
he no doubt that some improvements might be made in 
the forms of ships, so as to diminish considerably the 
amount of ballast. The degree in which this can be 
done, must be ascertained by experiment.. 

Many ele- (239.) There are many elements of a ship intimately 
meat* i.f a connected with the stowuge. Among these may be 
ship am- mentioned the stability, rolling, pitching, scending, pre- 
stim.i■ >.. serving a steady course, ardency, or tendency to lly up 

to the wind, going about, action of the rudder, and the 
strain of the materials. 

In what (240.) Oil the stability, the stowage exercises an in- 
w.iy it in- fluenee, on account of the ballast and the movable 
ti"L-iiri's the W eights governing in a great measure the position of the 
b J 11 ■ v ’ centre of gravity, which is an element intimately con¬ 
nected with it. When the stability requires to be aug¬ 
mented, it is necessary that the ballast should be dis¬ 
tributed as low as possible; and the nearer it can be 
brought to the middle parts of the ship, the lower it 
will be. The form of the bottom of the vessel must 
exercise an important influence here, and shows how in¬ 
timately the stowage is connected with the principles of 
construction. 

the rolling, (241.) The influence of stowage is, also, very con¬ 
siderable on the action of rolling. The skill of a 
Naval officer is displayed, when by changing the 
movable weights he is enabled to correct in any way 
the motion of rolling, and a similar remark may be 
made respecting the pitching and scending. We 
pitching, are, at present, much in the dark respecting the in- 
iniilscuud- fluenee of stowage on these important elements; 

and very much that is done seems dependent more 
on accident than on rule. The sailor has abundant 
The sailor opportunity in these particulars to assist the Naval Ar- 
ean do chilect; nor should the latter neglect the considera- 

much to- tion of those apparently trivial causes to which the sailor 
wards im- often attributes the successful sailing of his vessel. The 
■towage. U * urt ^ er the weights are removed from the centre of 
gravity, the greater is the resistance to quick and 
uneasy rolling; and to reduce the depth of the pitching 
and scending, us many of the movable weights as pos¬ 
sible should be brought near the middle of the vessel. 
The practice of “ winging the weights," as it is techni¬ 
cally termed, is found to be fully justified by expe¬ 
rience. 


• It is an important problem, and h»" occupied the attention of 
the greatest Geometricians. The Academy of Sciences on many 
occasions directed the attention of Geometers to it. Among the 
great name* connected with its history may be mentioned Darnel 
Bernoulli, Euler, the Abbfi Bossut, J. A. Euler, and Bounli de 
Vdlehaut, 


(242.) There is, sometimes, a disposition in a ship to Naval Ar¬ 
turo from its direct course, increasing thereby the difficulty ehitc cture. 
of steering, and more or less retarding the advancement 
of the ship. This among sailors is termed yawing. To rawing, 
correct any [error of this kind, the movable weights 
should be so placed that their centre of gravity may be 
before the middle of the ship's length. The moment of 
the lateral resistance abaft the centre of gravity, will by 
this means he increased, and the moment forward 
diminished. 

(243.) When a ship is completely stored and in per- Mean de¬ 
fect trim, the mean direction of the water passes a little rcctiou of 
before its centre of gravity; but since during the pro- llle waicr * 
gress of the voyage there must have been a loss of con¬ 
sumable stores, the trim she originally possessed may 
be very much changed. The wcatherly qualities, which 
made her the admiration of the seaman on leaving port, 
may either be lost altogether, or in a very great, degree 
impaired. Hence the necessity of stowing the mov- Consum¬ 
able weights, so that the consumable stores being taken able stores 
in proper proportions from the fore and after parts of 
the ship, the good qualities she originally possessed 
may be retained as her draught of water becomes succes¬ 
sively decreased. 

(244.) In the case of tacking, the resistance a ship Tacking, 
experiences in coming about depends on the lateral 
resistance of the parts before and abaft the centre uftgra- 
vity. This resistance will be a minimum when the 
centre of gravity is in the middle of the length. 

(245.) The power of the rudder to turn a ship being Raaisianco 
proportional to the distance of the centre of its mean of rudder, 
resistance from the centre of gravity, the movable 
weights must be so placed that the centre of gravity of 
the ship may be before the middle of its length. 

(24fi.) With respect to the influence of the stowage Weights of 
on the materials composing the framework of the ship, transverse 
loo much attention cannot be paid to t he relation be- 8er, ' olla 
tween the weights existing in the several transverse sec- 
tions of the ship, and the upward pressure of the water sure cur¬ 
at the corresponding parts. The figure of the ship, and refunding, 
the unequal distribution of the weights, occasions at all 
times a longitudinal strain, producing arching, or as it 
is sometimes called hogging. To equalize, as much as 
possible, these actions, should be another great object 
of the Naval Architect; and although the necessary 
existence of great weights at the extremities, may prevent 
a perfect equilibrium with the buoyancy of the corre¬ 
sponding parts, as far as circumstances permit, attention 
should be paid to the placing of the weights where the 
buoyancy of the body is best able to sustain them. This 
requires the ballast and heaviest weights to be placed in 
the full parts of the body towards the midship section; 
reserving, however, the immediate vicinity of the main 
mast free from the heaviest weights. 

(247.) Amidst these diversities, and apparently op- Relation of 
posing qualities, it is, however, remarkable, as JVfr. Mor- the stowage 
gan observes, that the modes of stowage required, by 
a due attention to the qualities influenced by it, are . 

generally compatible with-one another. The stability -r. ^ * 

requires the greatest weights os low as possible, which 
nccords with their concentration towards the middle of 
the length, a condition required to produce the best 
effect on the pitching, tacking, and strain of the mate¬ 
rials. Holding a steady course, and the action of the 
rudder requires the weights to be placed so that the 
centre of gravity of the ship may be before the middle, 
but not so much as to be practically opposed to the 
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Natal Ar- consideration of its being very near to the middle, which 
c nocture, re( j uce(i t|, e resistance to coming about. The rolling 
T ~ LI requires the weights to be winged, which a skilful sailor 
knows how to manage without unduly raising the cen¬ 
tre of gravity—an effect whicli would impair the stabi¬ 
lity. The result of all these conclusions is, that the 
movable weights in 'a ship should be so disposed, that 
its centre of gravity may be low and a little before the 
middle of its length; and that they should be winged 
us much as possible without raising the centre of 
gravity. 

Expert- (248.) A course of experiments on the quantity of 
inenti ballast and the best disposition of weights, adapted to 
wanting. CV ery class of ships, would be productive of great ad¬ 
vantage to Naval Architecture. By determining, con¬ 
tinues Mr. Morgan, the proper trim of the different 
classes of ships, much valuable information would be 
obtained for making designs. At the present time cal¬ 
culations depending on a supposed set of a ship in 
water have frequently to be altered. The time doubt¬ 
less will come when this subject will be belter under¬ 
stood.'* 


Rolling, Pitching, and Scending. 

Dolling, (249.) The action of the wind and the troubled sur- 
pitchmg, f ace 0 f tj, e Hca destroy all those relations of equilibrium 
j n( , we have been hitherto contemplating, and new mecha¬ 

nical conditions, involving some difficult branches of 
analytical inquiry, are hence called into activity. The 
peculiar movements which these varied and uncertain 
forces occasion in a great volume like a ship, in so 
many iliflerent ways, have rendered an attention to this 
Important very important subject indispensably necessary. Not 
const- only do the rolling and pitching of a vessel, and those 

quonccs elevations and depressions which her whole body under¬ 
wit hffiem t? oes > hilimately concern all who may lie engaged in her 
1 ‘' navigation, and influence very materially all her sailing 
qualities, but the strength of the fabric of the ship itself, 
and the expense of her wear and tear depend greatly 
upon (hem. 

Easy move- (250.) Experience tells us, (hat among the inntt- 
mcnts of merable ships which the enterprise of modern times has 
some ships, constructed, there are some which perform all their 
movements with ease aud comfort to those who com¬ 
mand them, and whose accidents and casualties, amidst 
all the uncertainty attending a seafaring life, amount to 
much less than many others of the same class. Of 
the Caledonia for example, it was said by her officers in 
Contrary their official communications, “ that she rolled in the 
of others* t ro,l gh °f the sea quite easy whereas, in the ense of 
0 L ' the Anson of 38 guns, which had originally been a 64, 
in her very first voyage the rolling was so excessive, 
that she sprang several sets of topmasts; and although 
endeavours were made to correct it by alterations in 


* The practical stowage of a ship depends principally on the 
master. When a ship is newly commissioned, this officer is 
directed by the Admiralty Instructions to obtain the most correct 
information he can of the mannerAn which the hold was stowed 
when she was last in commission, and what then were her qualities, 
that the stowage may be altered, with the sanction of the captain, 
if there he reason to suppose it may be done with advantage. If 
the ship Have not been at sea, the master hi then to consult the 
master shipwright of the Dock-yard. When the stowage of the 
hold is completed, the master is to enter in tire log-book a parti¬ 
cular account of the manner in which it ie stowed, specifying the 
quantity of ballust in each hold, and the manner in which it is 
arranged. 


her masts and yards, she continued still tube a very Naval At- 
uneasy ship, with an excessive wear and tear.* chitectuie. 

(251.) That there are innumerable intermediate * 

stages of diversity between these two perhaps extreme Exam P le » 
eases may be gathered from many sources. Of forty ‘’[^Hereat 
74-gun ships built nearly at one time from the same 
draught, and constituting a class by themselves, it was 
reputed that the Crcssy, Blenheim, Armada, Poictiers, 
Conquestadore, Glocester, Rippon, and Clarence, rolled 
tolerably easy in the trough of the sea. The Leonidas 
and Shannon, 46-gun frigates built after the draught of 
the French Hebe, were said to roll deep without jirk¬ 
ing ; and of the 18-gun brigs, their rolling in the trough 
of the sea was stated to be easy. Of the 10-gun brigs, 
also, their rolling was said to be middling easy. 

(252.) To inquire in some degree into the general 
question of rolling, is therefore one of vast interest to 
ship-building, and we regret that our exceedingly nar¬ 
row limits can do little more than glance at its more 
prominent heads. Rolling may arise either from the 4Vhat occa- 
impulse of a wave on the side of a ship, acting in ? l “ ns lu **' 
some direction above her centre of gravity, or from ln *’’ 
tile undulations of the waves themselves. Suppose, Example, 
by way of example, A D 11, fig. 1, pi. iii., to be a sec¬ 
tion of a ship, A B its load water line, E the centre 
of gravity of the whole ship, and G its melacentre. 

Suppose, also, B H to represent the direction of the 
impulse necessary to give it the inclination a b. The mo¬ 
ment of the efTort producing this inclination, will hence 
he in proportion to E II, and the moment of the etfort 
tending to restore the vessel to its upright position, will 
be as the line EG. These efforts, acting in contrary* 
directions, occasion rolling; the effect of the force pro¬ 
ducing it being as the sum of E H and EG. With When roll 
regard to the undulations of the waves, a ship’s rolling "‘s’ - u,u ~ 
must commence the moment a wave rises ou one side ,u#necs * 
and sinks on the other. The inclination of the side of 
a wave is continually changing by imperceptible degrees, 


* This ship wu» cut down in 1794; and Mr. Wilson of tbo 
Navy Office, a competent authority, remarks, “ that although in all 
other Maritime States, the Science of Naval construction was well 
understood, yet so culpably ignorant were the English constructors, 
that this operation, so well calculated, when properly conducted, 
to produce a good ship, was a complete failure. Seven feet of tlio 
upper part of the top sides, together with a deck and guns, making 
about J 60 tons, were removed, by which her stability' was greatly 
increased; but by a complete absurdity-, the sails were reduced 
one-sixth in area. Her masts and yards were afterwards increased 
to their original sire, but as there was no decrease of ballast, she 
was very little improved." 

OUier sixty-fours were cut down, masted and ballasted in the 
same manner, and with similar results; and although they were 
improved by enlarging their masts and yards, they were still bad 
ships. A failure iu this instance was indeed a national misfortun-; 
for had Science been applied to their cutting down, a class of fn- 
gatos might have been formed, capable in every way of coping 
with the large American frigates. The disasters of the lute war 
might thus not merely have been avoided, but have been converted 
into events of quite an opposite character. Let those who ilecry 
Science, and check in every way its application to Naval Architec¬ 
ture, read in the pages of the last American war their utter condem¬ 
nation. A very little Science would have enabled our Naval Ar¬ 
chitects at that time to have changed a ship of excessive stability, 
which must always be an uneasy one, into one of easy rolling. 
Instead of having reduced the masts anil yards to thosr of a 
38-gun ship, had they been a little increased, and st the same time 
half her ballast taken out, and her guns, moreover, changed for 
others of a larger caliber, instead of some of them lieing smaller, 
such a ship would have been easy, would have sailed better than 
any class of ships then in tbo Navy, and the expense of its wear 
ana tear would not have exceeded the ordinary amount. 
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Miftl At- from a horizontal position to its greatest angle of in* 
cUtecturc. clination, and vice ver»a ; and therefore the force whose 
tendency is to turn the ship increases only by slow de- 
Ilceling of . an( j j 0 „g. before she has arrived at that angle of 
mifi'X a rolling, which even a small inclination of the side of a 
longitutU- wave would give, an opposing wave mounts on the 
nat axis, other side of the ship, and prevents her further de- 

Axis of ro- prosaion. 

tutinn. (253.) There are many circumstances connected with 
It some- the heeling of a ship round a longitudinal axis passing 
times rises, through its centre of gravity which it may be necessary 
very briefly to advert to. The axis of rotation (consi¬ 
dered quiescent) round which the motion of rolling is 
performed, is far from maintaining at all times a con¬ 
stant elevation. In some cases it rises and in others 


falls, and sometimes, it is true, it remains the same. It 
has been found, for example, that when there is a ten- 
ami some- dency to immerse a greater solid below the water on 
times fills, one tide than is raised above it on the other, the axis of 
rotation must rise during the inclination ; and the rea- 
The same son is evident, since displacement on any other suppo¬ 
sing hut in sition would he increased, and a greater buoyancy exist 
a converse than before, and consequently a greater buoyancy than 
oH&i. t|, e weight of the ship would balance. In such a case, 
whenever the motion of rolling is performed, the vessel 
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amount of 
rolling ile- 
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must rise in heeling, and fall in righting again. • On 
the other hand, if a rotation round the same axis (under 
similar quiescent conditions) immersed a less volume 
below the water than it raised above it, the same alter¬ 
nate rising and fulling would take place, but in a con- 


<>f gravity trary order; that is, the vessel would fall in heeling and 
or the slop. rise j„ righting again. 

Examples. (254.) The existence and amount of this motion, 
which, according to the degree in which it prevails, must 
render the rolliug of the vessel violent and uneasy, depend 
on the position of the centre of gravity of the ship, and 


on the form of the sides lietween wind and water. If we 


take the case of three vessels, each of which has its 
sides parallel to the plane of the masts as in flg. 2, 3, 4, 
plate iii., A B being the load water line in their upright 
positions, and a b that when the vessel is heeled at an 
angle of 10°, G, the centre of gravity of the vessel, 
being supposed equally distant from the two water lines, 
coincident, moreover, with the surface of the water in 
the first position, below it in the second, and above it in 
the third. Then since in fig. 2 the immersion and 
emersion are equal, the vessel as it heels can neither 
rise nor fall; and as in fig. 3 the immersion is greater 
than the emersion, the vessel must rise in heeling; so 
in fig. 4 the immersion being less than the emersion, 
tlie ship will fall while performing the same motion. 

(255.) If, however, the sides of these vessels are 
made to fall out above the load water line, some 
changes will be found to take place. In the case of 
fig. 2 the immersion will in this case exceed the emer¬ 
sion, and the axis of rotation, supposing it to remain 
quiescent, will rise. In the case of fig. 3 the immer¬ 
sion will exceed the emersion more than before, and a 
still greater rising in the ship take place than before; 
and in fig. 4 an increase of the immersion will also 
take place, and hence a decrease in the falling of the 
vessel. If, on the other hand, the sides of these ves¬ 
sels fall out below the water line, and preserve their 
parallelism above It, the ship denoted by fig. 2 will fall 
in heeling, the rising qf fig. 8 would be corrected, 
and the falling of that denoted by fig. 4 increased. 
Wherever, therefore, there is a great disproportion 


between the immersion and the emersion, the axis of Naval Ar* 
rotation being supposed quiescent, in large angles of chitecture. 
rolling, the shocks resulting from the ship's rising and ' r ^ 
fulling must be very great. To avoid such an important How shocks 
error in construction, it is necessary to find by compu* 
tation the exact position of the ship's centre of gravity, * T0 
and then to alter the body Till the immersion and emer¬ 
sion caused by heeling round a quiescent longitudinal 
axis passing through that point are equal. A like atten¬ 
tion must be paid to the pitching of a vessel; for any 
great inequality between the immersion and emersion 
round a quiescent axis would be attended with similar 
bad effects. The motions of rolling and pitching arc When roll* 
hence most uniform and most free from sudden shocks, in & and 
when the centre of gravity of the ship is in or near the 
plane of the load water line. Should circumstances not j£" 1 l ‘ n- uul 
permit the centre of gravity to be brought into the plane 
of the load water line, it is proper to endeavour to bring 
it as near to it as possible. It may be further observed, 
that as the keel and the lower parts forward and aft 
contribute in a very great degree to diminish the rolliug 
by the direct opposition of their surflice to the water, 
the further these parts are removed from the axis of 
rotation, the greater will be the effect they produce in 
diminishing the rolling; and for this reason also, when 
the centre of gravity is in the plane of the load water 
line, the ship should roll less. The form of the ship, 
moreover, near the load water line will influence its 
motion also. 

(256.) These _ peculiar motions of a ship have been These* mo- 
sometimes illustrated by the movement of a pendulum tions * u “* 
oscillating in the same time as a ship. If lor example a 

P, p, See., denote the particles of a ship, and D, d, See. 11 um ' 
their distances from the axis of rotation passing through 
the centre of gravity, the length of such isochronal pen¬ 
dulum will be 


PD ’ + pd‘ + &c. 
whole ship X E Cl’ 


where E is the centre of gravity, in this case the centre 
of suspension, uud G is the metacentre, on which the 
whole buoyancy of the fluid equivalent to the weight of 
the ship acts upwards. Supposing the functions P D*, 
p d\ &c. to be giveu as well as the weight of the ship, 
the length of the isochronal pendulum will vary in¬ 
versely as E G; or in other words, that the greater is 
the elevation of the metacentre above the centre of gra¬ 
vity of the ship, the shorter will be the pendulum, and 
the quicker the vibrations of the ship; and on the other 
hand, the less that distance is, the slowef will the rolling 
become. Supposing the line E G and the weight of the 
ship to be 'given, the duration of the vibrations will 
vary with the values of D, d, &c.; and the less those 
values are, the shorter, will be the pendulum and the 
quicker the rolling; and on the contrary, the greater 
are the vibrations, the slower it will be. It must, how¬ 


ever, ne remarked, mat tne conclusions ipus arrived at 
are absolutely true only when the vibrations are eva¬ 
nescent ; but that they may be regarded as nearly true 
when they Vre in a practiAtl sense very small. When a 
ship rolls through finite angles, the vibrations arc very 
different from those of a pendulum of an invariable 
length, the point G not being then a fixed point. 

(257.) It is no easy matter to construct a ship which 
shall possess a proper stability and also, at the same time, 
perform her motion of rolling easily, although this is 
a point at which the Naval Architect should continually 
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aim. It has been observed, that an undue attention to 
one of these properties has been obtained at the ex¬ 
pense of the other. If the stability be diminished, the 
heeling of the vessel will be increased by the same 
amount of acting force ; but the heeling as well as the 
righting of the vessel will be more slow and easy. The 
stability cannot, however, be diminished too much with¬ 
out endangering in a great degree the safely of the 
ship. On the other hand, while an increase of stability 
diminishes the heeling of the ship,—and which confined 
within proper limits produces wholesome effects; yet 
when carried to excess, the inclining force is so sud¬ 
denly destroyed, as to produce shocks of the most dan¬ 
gerous kind. A wave acting on the side would pro¬ 
duce a powerful effect, so that » ship thus constructed, 
Would in the least sea be subject to continual and quick 
vibrations. It has been remarked by some writers, that 
the height of the metacentre alone determines the pro¬ 
perties of a ship with regard to the qualities of its roll¬ 
ing; but it is possible that the height of this point may 
be something diminished, and yet the forms of the sides 
be so determined as to impart a stability sufficiently 
great. The height of the metacentre may, however, be 
increased beyond its usual limits, and, nevertheless, by 
injudicious alterations in the forms of the sides, the sta¬ 
bility be found too small. 

(2b8.) Inman recommends, in order to form a proper 
estimate of a ship's properties in this respect, to make 
accurate calculations of the stability at different angles 
of inclination, and to compare the result in «ach case 
with the stability of approved ships of the same class. 
Hence, also, he adds, that to enable the Naval Archi¬ 
tect to design ships which may be expected to possess 
tile requisite stability, he must be furnished not only 
with all the necessary calculations for the different kinds 
of ships already built, but also with a minute detail of 
their performances at sea. Thus wc see how intimately 
b'ended are the pursuits of the Naval Architect and the 
sailor. 

(’259.) It is a much greater difficulty to determine 
the necessary relations between the stability and the 
rolling in merchant ships, than in those intended for 
the purposes of war. In the former class of vessels, the 
object is to obtain the greatest possible burthen, at the 
least possible expense of the ship. Hence vessels of this 
kind should be very full below, and have but very little 
height above the water in proportion to their breadth. 
The centre of gravity of the displacement will thus be 
very low, and consequently the metacentre also. Hence, 
also, the centre of gravity of the cargo must be brought 
as low as possible, to ensure the requisite stability. The 
result of all this is the quick rolling of the ship and vio¬ 
lent shocks, which, however, may in some degree be 
diminished by winging the weights as much as circum¬ 
stances will allow. 

(260.) Economy in the navigation of merchantmen 
requiring as small a number of men as possible, a less 
quantity of sail is rendered necessary, and hence a less 
distance between the centre of gravity of the vessel and 
its metacentre, a circumstance which, as we have before 
seen, makes the motion of rolling much easier. 

(261.) Ships of war whieh have not occasion for 
so great an amount of capacity below, and require 
velocity, may be so constructed as to have their centres 
of gravity higher. The metacentre ought, therefore, to 
have such a height above the water, that the common 
centre of gravity of the ship and of the weights may 

’'OL. vi. 


be bronght nearly to the plane of the load water line, Naval A*, 
and that the ship may still be sufficiently stiff in resist- cHitwiture. 
ing heeling. . ir —- 

(262.) There is, however, auothcr species of rolling 
which takes place with regard to the length, to which 
we must not omit to advert. In this case the extremi¬ 
ties of the vessel rise and fall. The fore part of the Pitching, 
ship being raised by a wave, it falls again when that 
wave has passed; and any motion thus imparted to a 
ship would very soon cease, did not another wave follow 
to raise the bow of the ship again. When a ship is 
close to the wind and meets the waves, it often happens 
offer a sea has passed the fore part, that it suddenly 
falls and raises itself with difficulty upon the following 
wave, and in such a case the ship is said to pilch. 

When a wave has passed the fore part of the ship, and 
is arrived near the middle, a space of considerable 
dimensions is left void near the bows, and the ship there 
is left quite unsupported. The vessel, therefore, preci¬ 
pitates itself with a very great momentum, indicated by 
the product of all the weights in the fore part of the 
vessel, multiplied by their distance from the point at which 
the ship is unsupported. Sometimes the after part falls 
heavily, and the ship is said to tcend. This results from Scending. 
a similar cause and has the same inconveniences. Both 
these motions very much impede the motion of the ship, 
the whole fabric of the masting undergoing the greatest 
shocks and strains. Every purt of the body of the ship 
suffers also greatly, there being a constant tendency in 
all its parts to separate. This must occasion prodigious 
strains on nil the fastenings, and culls lor the greatest 
attention on the part of the Naval Architect. 

(263.) This kind of motion, and all the resulting Fastenings 
strains must hence be different in different kinds of 
ships. The same amount of fastening, therefore, which 
may be quite sufficient for one kind of ship may he 
altogether insufficient for another. In vessels which 
arc very full near the load water line fore and aft, 
and very lean below, the pitching and scending are 
very great. Such a state may, however, in some degree 
be relieved by an attention to the distribution of the 
weights. The errors of the Naval Architect may be 
more or less corrected by the experienced seaman. It 
is manifest tiiat when the weights iu the fore part of the 
ship arc carried near the middle, the effect of the ship’s 
plunging in this part will lie less; and not only must 
this motion become less quick, but succeeding waves 
will have less difficulty in raising it again ; and u similar 
remark applies to the after part. Hence much relief Conren- 
may be ufforded to these motions of a vessel by bring- ,ial “'lt ,ll ° 
ing the weights as much ns possible in the neighbour- Wl18 lU ‘ 
hood of the middle of the ship. There are some 
weights which it is impossible to move, and which pro¬ 
duce a great effect, such as the fore mast and its rig¬ 
ging, the bowsprit and its anchors. The mechanical 
effects of these the ship-builder must be prepared to 
resist by the figure and strength of his fabric. 

(264.) There are motions, however, of another kind, (Jtllcr mo- 
interinediate between rolling Bud pitching, or rolling (lun *- 
and scending, and which exercise an important influ¬ 
ence on the movements of a ship. When a vessel floats 
quiescently on the surface of the sea, the centres of 
gravity of the displacement and of the whole ship are 
in the same vertical plane; but when the vessel is in¬ 
clined, the latter point is carried to leeward, mid the 
buoyancy of the water, acting upwards through it, en¬ 
deavours to turn the ship hack. The axis round which 
3r 
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Naval Ar- the ship revolves in such a case, must lienee depend on 
chiU'cture. the position of the centre of gravity of displacement. 

, ——' if (hi s lifter centre be in the transverse section passing 
through tile centre of gravity of the ship, the vessel will 
revolve about an axis parallel to the length ; but if it he 
cither before or behind it, the buoyancy will cause the 
ship to revolve round an axis, occupying a place be¬ 
tween the transverse and longitudinal axes of the vessel. 
Each ditferent inclination may hence be accompanied by 
an axis peculiar to itself; and hence a system of move¬ 
ments may be produced tending to disunite all the parts 
of the ship, deranging its ditferent adjustments, and 
operating greatly in retarding its progress. 

How to (265.) To counteract motions so injurious as these, 

counteract the centre of gravity of the displacement, both when the 
them. vessel floats upright, and when it is inclined at different 
angles of inclination, should at all times be found in the 
same vertical plane. This must be done by assigning^ 
to the volumes immersed or emerged in consequence ot 
the inclination, such particular forms, that the line join¬ 
ing their centres of gravity shall in all cases lie parallel 
to die transverse section. This important consideration, 
it appears, was first attended to in English ships by 
Dr. Ininnii. ily comparing the reports made on differ¬ 
ent ships in his Majesty's Nuvy, with calculations made 
on their drawings, it appears that these vessels have the 
best character for regular aud easy motion, cateria pa¬ 
ribus, that have this property. 


O/i the Arching of Ships. 

Arching of (266.) Our ordinary experience proves how difficult 
ships. it is, in the simplest combinations of carpentry, to pre¬ 
serve precisely the figure that may have beeu intended; 
and the ingenuity of the workman is frequently taxed iu 
devising braces and ties in order to maintain it. In a 
far greater degree is the Naval Architect called upon to 
devise tneaus for preserving to a ship, when she is 
launched, the same figure she possessed when resting on 
her shores. To accomplish this demand a large share 
of practical knowledge combined with an acquaintance 
with the theoretical wants of Naval Architecture. The 
ingenious constructor cannot but be anxious that his 
ship should retain, when she sails in all the pomp and 
busy circumstance of wur, and when innumerable strains 
are acting upon her, the properties lie originally desired 
her to possess. 

(267.) We can hardly imagine a more mortifying 
circumstance than to find, after every imaginable care 
has been bestowed upon a design, that the moment the 
vessel is launched, some of her essential conditions are 
altered, her hull exhibiting unequivocal signs of weakness, 
her extremities dropping, and her whole frame becom¬ 
ing arched. It is the business of theory not only to 
plan the ship, but to devise means for constructing her 
Combining 90 that her exact theoretical form shall be preserved, 
oftimbers a There is more science in combining timbers together 
difficult than is commonly imagined ; and when we see how dif- 

suhjcct. fi ci |It it is, even in the simple fabric of a gate, a parti¬ 

tion, or a roof, to preserve entirely the lorin that was 
intended, we cannot but observe in the larger and 
more complicated fabric of a ship how greatly the diffi¬ 
culty must be augmented. Here it is that theory and 
practice can do so much to aid each other. In all the 
mechanical arts they should be inseparably bound 
together, and yet how seldom are they thus allied ! A 
narrow jealousy and mistrust too often divides them. 


(268.) There are circumstances, moreover, of a very Navnl Ar. 
peculiar nature, which in the case of a ship contribute c “ " c utg ’. 
to produce this derangement of form, and which it is ^y, p0Clt . 
fitting the Naval Architect should be made intimately m 
acquainted with. It is not only in a storm that her the case 
fastenings are disturbed, and her timbers exposed to of a ship, 
different strains from those which they underwent when 
she was supported in the dock, hut even when she floats 
in tranquillity in the harbour, destitute even of her 
masts, and her most ordinary stores. The simple hull Cause of 
itself is compelled to bend by the buoyancy of the very weakness, 
fluid on which it floats. If a straight line be drawn 
from the head to the stem, whilst the vessel is oil the slip 
or in dock, no sooner has she entered Iter own element, 
than each eud of this line will be ibund to have dropped 
from two to six inches, in consequence of the weakness 
of the fabric. In cases of arching, also, some of the 
butts of the planks are always ibund to have parted 
aloft, at the same time that the angular position of some 
parts of the structure has ns uniformly been more or less 
altered; and very generally a certaiu degree of sliding 
is observable in the planks at the sides of some of the 
ports. This sliding was seen very distinctly by Dr. 

Young in thu planks of the Albion and of the Belli- 
quetix, at the same time there were also obvious indi¬ 
cations of a certain degree of extension and compres¬ 
sion. In the Albion the butts of the planks were parted 
so far, that in some instances pieces were let in between 
them ; and iu the lielliqueiix there was a space of about 
five inches between the middle of the deck transom and 
the curling, which had originally been in contact with it. 

In the Asia, the arching amounted to three inches mid 
a quarter, and the comparative length of the upper and 
lower parts was probably altered about two inches at 
most: the parting of the butts amounting to three-six¬ 
teenths of an inch each, “ for upwards of fifty feet in 
length in the midships, and for about eight feet Iroin the 
top side,” making a total extension of probably less than 
an inch ; so that about half the effect seems to have been 


produced in one way, and half in the other; but appa¬ 
rently the greater half by the want of stiffness. Some 
degree of permanent compression or crippling below 
has been observed, the butts of the planks opening 
when the cause of urehiug has been removed, and the 
sheathing being more wrinkled than would have hap¬ 
pened liorn the simple bending of the planks. To cor- To correct 
reel these serious defects was one of the great problems this w.is the 
undertaken by Sir Robert Seppings. Before his time, all problem 
the materials composing the fabric of a ship were disposed }". ^ir c “ 
nearly at right angles to each other; a disposition not Kul'ert 
sanctioned hy any authority, nor by the humblest maxim Seppings. 
of mechanical knowledge. A ship too from its great 
length, and the peculiarity of its form, is the body calcu¬ 
lated to display erroneous combinations in the most 
remarkable degree. 

(269.) The length of a 74-gun ship being 170 feet or 
more, it requires but little knowledge of materials to 
perceive that planking of such a length, whatever be its 
amount of thickness, or the mode or way in which it is 
joined together, must under such a system bend with its 
own weight. The fastenings and connections of the 
several parts of such a fabric, cannot therefore but suffer 
from a want of stiffness, and a change of form must be 
the consequence. 

(270.) The truth of the principle here adverted to is 
confirmed by every day’s experience. The idle school¬ 
boy racks the frame of his slate, loosening its fastenings, 
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and deranging its figure; and the country carpenter 
finds, however he multiplies his parallel rails or bars, 
and whatever ingenuity he displays in their fastenings, 
the uniformity of his gate will soon be destroyed, 
unless he adds a brace or diagonal timber to his 
fabric. In a popular sense we may say the old Byslein 
of timbering resembled in principle fig. 5, plate iii. and 
the new system fig. 6. It is obvious, to adopt the fami¬ 
liar language of Seppings, the greater the length of the 
frames, the greater will the superiority of the latter be 
shown. 

(271.) The effect of a triangular combination of tim¬ 
bers like this is, that the pieces disposed horizontally are 
acted upon as ropes by a strain of the fibre, whilst the 
other parts are pressed upon as pillars; or, in other 
words, the pressure acts in the direction of the fibres of 
the wood. In the old plan, and which, for distinction 
sake, may be denominated the rectangular mode, the 
fibres are acted upon transversely, or across the grain, 
just as a stick, when placed across the knee and pressed 
by the hands at each end, is first bent and then breaks. 
To prevent any transverse action upon the fibre of the 
timber, is one of the benefits arising from the new 
system, and to impede a longitudinal extension of the 
structure is another. For as the diagonal frame, 
composed of a series of triangles, aided by diagonal 
trussing between the ports, prevents the fabric from 
being acted upon transversely to the fibres of the ma¬ 
terials horizontally placed, so the wales, the planking, 
the shelf pieces, the improved water ways, and the decks 
systematically secured, become the tie beams of the 
structure. 

(272.) The great strength of the principle here ad¬ 
verted to is also to be contemplated in another point of 
view—that of rendering the strength of the fabric as 
general and united as possible. It is a trite maxim to 
observe that the strength of auy body, let its construc¬ 
tion lie what it may, can never exceed that of its weak¬ 
est part; but it is one, simple as it is, which has 
been too often lost sight of in the practice of ship¬ 
building. In the new system of Seppings, the open¬ 
ings between the ribs are filled in with slips of timber 
nearly to the height of the orlop, or lower tier of beams. 
These being calked and pitched over, make the frame 
from head to stern, and within a few feet of the greatest 
draught of water, one compact and water-tight mass of 
timber ; so that were any of the outer planking of the 
bottom to be removed, the ship would not only continue 
to flout, but would also be preserved from sinking. In 
the old system, the starting of a plunk often proved 
fatal. 

(273.) The openings between the frame, where the 
width of the space does not exceed three inches, are 
filled up by driving in wedge-like slices of wood, one 
driven from the outside, the other from within, forming 
the purallel space of the opening, and bringing the parts 
into the closest contact. In the openings exceeding 
three inches, the space is occupied by corresponding 
pieces having their fibres laid in the same.direction as 
that of the frame timbers. These fillings add not only 
to the strength and durability of the fabric, but pre¬ 
serve the health of the crew from the effects of the im¬ 
pure air arising from the filth which so soon collects in 
these openings, rendering the ship less liable to leakage, 
as well as facilitating the stoppage of any leak; and 
lastly increasing the thickness of the bottom from four or 
four and a halt’, the usual thickness of the plnuk, to 


about sixteen inches, thereby diminishing very con- Nsval Ar- 
siderably the danger to be apprehended from getting on eluted lire, 
shore, or foundering at sea. y - t . 

(274.) That this improvement promotes the durabi- Durability. 

lily of the ship may be inferred from what follows. In 

the first place, the openings in the old principle, alter a 
ship has had any considerable length of service, are 
choked up in many parts with an accumulation of filth. 

Secondly, that no free circulation of air can he obtained 
in these openings by any means. In the third place, 
that limber being either freely exposed to, or excluded 
from the air, is equally preserved. And fourthly, that it 
lias been found on examining the frame and pluuk of 
old ships, that those parts now filled in, generally decay 
sooner than the rest; viz. from the floor heads in the 
midships, and from the dead wood forward and abaft to 
the height of the orlop damps. 

(275.) With regard, also, to the gain in the internal Gamin the 
capacity of the hold, it may be remarked, that though c-queity 0 f 
the trussed frame projects from the timbers five inches tl,u 
more than the thick stuff’ at the floor-heads,—yet, as in 
the old system, the perpendicular riders arc brought 
upon the thick stuff, their projection into the hold is 
more by eight inches than that of the new, giving au 
increase of stowage in favour of the diagonal frame. 

Another important point is, that a tier of iron ballast 
may also be disposed of many inches lower, giving an 
increase of stability with less weight, and enabling the 
vessel to carry her ports higher out of the water. 

(27(5.) In pl.iv.fig. 1. is a bird’s-eye view of the internal BinVs-eyo 
part of one side of a 74-gun ship in a complete state, the view uf in- 
diagonal timbers intersecting the timbers of the frame *“ r > lil l l iart 
at angles of about 45°. In the fore part of the ship f 0 *' r ' eU * 
these timbers are disposed in contrary directions to those 3 
in the after part, their distances from each other being 
from six to seven feet or more; their upper ends abut¬ 
ting against the horizontal hoop, or shelf piece, of the 
gun-deck beams, nnd the lower ends against the limber 
streaks, except in the midships, where they come against 
two pieces of timber placed in on each side of the keel¬ 
son for the purpose of taking off the partial pressure of Deseiip 
the main mast, which in all cases causes a lagging down 1 ‘ 011, 
of the keel, and sometimes to un alarming degree. 

Pieces of timber are next placed in a fore and aft direc¬ 
tion over the joints of the frame timbers, at the floor and 
first futtocks heads, their ends being in close contact 
with and coaked or dowelled to the sides of the diagonal 
timbers. In this state the framework in the hold pre- Diagonal 
sents various compartments representing the forms of tankers, 
rhomboids. A truss limber is then introduced into 
each rhomboid with an inclination opposite to that of 
the diagonal timbers, thereby dividing it into two parts. 

These truss pieces, says Hoppings, are to the diagonal 
frame what the key-stone is to an arch ; for no weight 
or pressure on the fabric can alter its position in a longi¬ 
tudinal direction, till compression takes place at the 
abutments, and extension of the various ties. 

(277.) This arch-like property of the diagonal frame £ 
not only opposes change in a longitudinal direction, but ,( * ur0 0 1 ’ 
also resists external pressure on the bottom, either from 
grounding or any other cause, because no alteration of 
figure can take place, without forcing the several parts 
of which it is composed into a smaller space. The con¬ 
nection kept up by means of the trussed frame firmly 
attached to the timbers of the ship by circnlur coaks and 
bolts, together with the shelf pieces united to the sides 
and to the several beams by means of the same sort o£ 

3 f 2 
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N-'A, fastenings, imparts such unity to the whole as to give 
c ’■ tiC ure * to it an immense superiority over the old system it dis- 
placed.* 

Shilf (278.) The beams of the new system arc disposed 

pieces. nearly as in the old, excepting that in midships, where 
a ship necessarily requires the greatest security, two 
additional beams have been introduced. All of them arc 
attached to the ship's sides by shelf pieces, or internal 
hoops, distinguished by the letter E, fig. 2. These shelf 
pieces are composed of several lengths of timber scarfed 
or joined together by conks, or circular dowels, so us to 
form a kind of internal hoop, extending from the hooks 
forward, to the transoms abaft, to the underside of 
which, as well as to the under parts of the beams, they 
are securely coaked, and being then firmly bolted to the 
side, instead of becoming a mere local fixture of the 
beam to the ship's exterior frame, ns the knees formerly 
were, they ufl'ord a continued and general security. The 
shell piece is also a tic to the lop side ill a fore and aft 
direction, co-operating with the trussed frame, as already 
explained. 

Chocks. (279.) The beams arc also secured by chocks, repre¬ 
sented in II, fig. 2, placed under all the shelf pieces in 
the wake of the beams, excepting the orlop, in such a 
manner as to receive the up and down arm of the iron 
knees. The lower ends of those under the gun deck 
shelf piece, step on the ends of the orlop beams, and 
those of the several decks above, step on the projecting 
part of the spirketing below. The cltocks, particularly 
those between the orlop and gun decks, admit of their 
being driven into their respective places very tightly, 
thereby acting like pillars. Another advantage attending 
them, is their great tendency to stiffen the ship's side, and 
to prevent the beam ends from playing on the fastenings 
when the ship is rolling, or straining under a press of 
sail. 

Iron knees. (280.) The curved iron plate knees for securing the 
orlop beams, and the iron forked knees of the other 
decks, are described in figs. 2 and 3. 

Improved (281.) In the old system of ship-huilding, the planks 

decks. jf t| )e several decks acted only as mere platforms, or as 
a cover of a box unconnected with the sides, affording 
no strength to them whatever. In the new system of 

* It has hitherto been very generally believed, says Seppings, 
that stiffness or inflexibility in a ship is not strength, but that a 
yielding of the fabiic is an essential quality to preserve it from 
being destroyed by the shocks it sustains. This erroneous opinion 
must have arisen from another equally incorrect, that a strip must 
be mi elastic body, on account at the elasticity of tho materials of 
which it is com|iosed. It should, however, be remembered, that 
this elasticity of the materials must be very inconsiderable, since 
the small degree of elasticity in each piece 1 must necessarily bo 
neutralized in the fabric by the various directions of the parts of 
winch it is composed. Hence a vessel, let her construction he 
what it may, whether loose or firm, cannot in any case be elastic. 
It follows also, that the action and reaction of tho sea operating 
upon different parts of the fabiic at different times, occasions, on 
account of the want of unity among the parts, a constant and in 
creasing weakness, which by some may hate been mistaken for 
elasticity. 

When a sea strikes a ship forward, continues Seppings, the bow 
will rise with the sea; which passing aft, lifts the midships in suc¬ 
cession, leaving the fore and uft parts with little or no support. Such 
shocks acting upon a body whose parts are not firmly connected, pro¬ 
duce a bending and rebending of the fabric, the planks of tho sides 
playing over each other, and the fastenings becoming strained and 
loosened by continued repetitions of the noting force. On the con¬ 
trary, when a body is constructed with such general unity and 
fixedness of all its parts, that when one is moved the whole fabric 
must move with it, ull the parts of the structure may be fairly said 
to bear their proper portion of the strain. 


Seppings, however, they are so disposed, as not only Naval Ar- 
to oppose an alteration of figure from a force acting on cliitectme. 
the ship in a lateral direction, but also are made sub- 
servient towards securing the beams to the ship's side. 

The framing and flat of the decks, excepting the quarter 
deck, forecastle, and round house, which are laid upon 
the old plan, are disposed as represented in fig. 5. The 
former, that is, the framing or ledges, and beams are 
denoted by ticked lines; the latter, or planks by black ; 
those on the starbonrd side being laid contrarywise to 
the larboard. The midship ends of the diagonal planks 
abut against two strakes laid in a fore and aft direction 
outside the coinings of the hatchways; the other ends 
approaching the timbers of the frame, the butts at each 
end being secured to a tier of endings placed for that 
purpose. The flat or plank of the deck so disposed is 
connected with a certain number of coaks to the hooks, 
beams, and transoms. When the decks are thus laid, 
the waterways described in fig. 2, are brought on and 
coaked to the ends of the plank. These waterways 
being then bolted through the ship's sides, and also iu 
an up and down direction, through the flat and shelf 
pieces, combine the whole in one homogeneous mass of 
strength. 

(282.) A run of three or four years’ service most In a hat 
commonly discloses some examples of weakness in the T 11 ' 1 the 
fabric of a ship. These defects, among other places, 
show themselves at the beam ends, arising iu a great cimiiiVo'rty 
degree from the local attachment of the beams to the to lie seen, 
ship's side, and the flat or covering being entirely un¬ 
connected. This imperfect fastening of the extreme 
ends of the beams, occasions them so to play and work 
upon the fastening, as often to cut the bolt holes into 
an oval form by the friction of the bolts. The usual 
remedy in such a state of things is to load her with 
additional materials, such as iron knees, standards, 
breast-hooks, &c.; thus adding greatly to the original 
weight of the fabric. It is evident thut the first gale of 
wind the ship encounters, after being thus partially 
strengthened, must again reduce her to her former stale 
of weakness.* 

(2S3.) To remedy defects, whether arising from the. 
decay of the materials, or from any other cause, the prin¬ 
ciples of Sir Hubert Seppings, illustrated in fig. i, can¬ 
not but hold out the most capital advantages; and in 
no particular is its superiority more manifest than in the 
decks; for by shifting them when worn too thin for 
calking, the original connection between the beams, 
the decks, aiul the sides will be restored as perfectly as 
at first. 

(284.) The tendency of the ship to stretch or draw asun- other im- 
dcrin her upper works, being by no means obviated by the prim- 
short planks on the inside between the ports. Sir Robert ‘uvula, 
substitutes a truss piece of plank in lieu of them, which 
being well secured at the abutments, materially aids the 
trussed frame, and gives great stiffness, thereby opposing 
any disposition to arch or hog aloft. 


• This inutlti of strengthening ships, as Seppings truly observes, 
may he compared to that of a raft firmly secured in tho first placo 
by strong lashing, which after somo time works loose, or rather by 
working is stretched. As it might be too tedious an operation to 
secure the raft tiy retightening the lashing, a small cord would be 
used for that purpose. It is clear whilst the small cord remains 
tight, no part of the strain can hear upon the strong hut loose 
lashing, till tire other stretches or breaks. So is it with a ship 
that has additional securities given tier without refastening those 
which hud worked or Income shamed. 
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Naval At- (285.) In fig. 4 the stern of a ship is represented 
chitecture. with the trussing and iron work necessary for its 
security. By this the helm-port transom, which con¬ 
sumes one of the largest and most difficult trees required 
for a ship, is dispensed with. 

Economy is (286.) It is a great principle in these views of Sir 
combined Robert Seppings, that not only strength, safety, and 
wnh the durability are so essentially promoted by them, but 
SenpLnr*. that economy holds also a capital and prominent place 
among them. At a time when reduction in our expen¬ 
diture is so loudly called for, aud the Royal Navy cannot 
be kept up without a large supply of foreign timber, it 
certainly adds to the credit of this accomplished Naval 
Architect, that, in a 74-gun ship, upwards of one hun¬ 
dred and eighty oak trees are saved by his masterly 
combinations, each tree having a load of fifty feet rough 
contents. 

(287.) It must further, also, be borne in mind, that 
the consumption of large ship timber may be further 
diminished by the use of inferior and old ship tim¬ 
ber, and if old ship timber were generally introduced, 
as in the case of the Ramillies, one-seventh part of the 
English oak required for a new 74-gun ship might be 
saved. 

(288.) Another source of economy arises from the 
greater ease with which the lower part of the ship can 
be examined, in consequence of the omission of the in¬ 
side planking. The ease, also, with which any part of 
the diagonal frame may be replaced, justifies the adop¬ 
tion of fir timber, particularly for the longitudinal pieces 
and trusses. 

Reports (289.) We regret that our limits will not permit more 
Jr j. than a brief allusion to the valuable Reports made on the 
eJ officers Tremendous, the first ship to which Seppings's principles 
in favour of were applied, by the distinguished officers whose duty it 
these im- was to niuke them. They were such as to stamp at once 
provemeuts. w j t j, tj le highest and best approbation his unrivalled 
combinations. Of this vessel, it was reported by Mr. 
Parkin, the master shipwright of Sheerncss jard, that 
the sights on the guu-deck, at the distance of 163 feet, 
altered 0 in.; that those placed on the upper deck, 
at the same distance, changed but Oj in.; and those 
on tlie quarter deck and forecastle, at the same distance, 
alteied but 01 in ; after a more than three years’ 
active service, exposed to perilous and turbulent storms. 
It was also remarked of the same ship, that “ the orlop 
deck beams had not worked on the internal hoop, nor 
was the crust of the whitewash disturbed; the plates 
and bolts securing the diagonal riders and terminating 
under the internal hoop, as well as the heads of the 
riders, appeared as close as when fayeil. The checks 
fore and alt, bolted under the gun-deck beams for re¬ 
ceiving the forked knees, the breast hooks in the gun¬ 
ner’s store room, as well as the bolts which fasten the 
forked knees, none had the slightest appearance of 
having worked. No appearance of the guu-deck beams 
having worked on the internal hoop which receives 
them was to lie found; nor any leaks or dampness 
between the gun-deck water ways, the beams being so 
perfectly dry, as to have permitted, in many places, the 
cobwebs to collect between the timbers. The main and 
gun decks displayed no traces of working, and the same 
observation was made on the beams of the quarter deck 
aud forecastle; aud the whole ship throughout appeared 
in as perfect a state, as if she had been in dock upon the 
blocks." 

(290.) In the instance, also, of three ships of 120 


guns, the Nelson, the St. Vincent, and the Howe, Naval Ar 
whose forms and dimensions were precisely the same, chitecture. 
and whose frames, beams, and external planking were v— 
of the same scantlings, it was remarked of the two c«n,pa,i» 0 a 
former, built according to the old plan, and of the latter, of three 
built according to the new, that alter the first of these fi^t-rates. 
vessels was launched, she altered nine indies and a 
half from her original sheer, and the St. Vincent 
nine inches and a quarter; but the Howe changed 
only three inches and five-eighths. The whole machine 
in the former ships, observes Seppings, was generally 
disturbed, but the Howe exhibited no such symptoms of 
weakness. 

(291.) No invention or discovery is, however, destined These un¬ 
to take its rank in the great catalogue of scientific truths niulnn- 
without controversy and dispute ; and, perhaps, on the 
whole. Knowledge is benefited by the furnace it has to 
passthrough. To the inventor, or discoverer, it cannot J 
but be a painful ordeal, but it is the tax he must pay for 
his celebrity. In the present case it was broadly insi¬ 
nuated thatSeppiiig.shad borrowed his principles, whereas 
no application at all resembling his admirable plans can 
be found in any of the Continental writers on Navnl 
Architecture. The propriety of a different disposition 
of the materials entering into the construction of a 
ship, has at different times hecn suggested by ship¬ 
builders, and partial alterations have in consequence 
been introduced ; but no one, so far as we can truce, 
has at any time proposed a system of diagonal 
trussed framing at all resembling that of the great 
ship-builder udverted to. “If! have received' any Candour ot 
assistance,’’ he ingenuously observes, “ in the progress s,r Kolwrt 
of this new system, now universally adopted in the St TI , ' ,, g“- 
British Navy, it was from the plans and drawings of 
the celebrated bridge of Schail'hausen, and from no 
other source.” 

(292.) It may be proper, however, to advert to one it was ..Is 
objection of a practical kind advanced against, the new jecti-d that 
system. It was asserted by some that the braces ,lu ' braces 
and trusses applied by Sir Robert Seppings, were dis- 
posed in directions precisely the reverse of that which tile wrung 
they ought to have been. To meet this objection the way. 
following decisive experiment was appealed to. 

(293.) Early in the year 1817, the Justitia, an old Experiment 
Danish 74-guu ship, was ordered to be broken up on ,vlll ‘ <*“ ll<1 
account of her defective state; and Seppings having ob- ^ *' 
served her to be considerably arched or hogged, deter¬ 
mined, notwithstanding her age and defective state, to 
apply the trussing principle to a certain extent, with a 
view to observe what effect it would produce on a fabric 
reduced to so weak and shaken a condition. 

(294.) The officers of the yard were directed to place Description 
sights on the lower and upper gun-decks prior to her ot **• 
being taken into dock ; and to ascertain, when she 
grouuded on the blocks, how much she had altered from 
the state in which she was when alloat. They were 
then to place a certain number of trusses in the hold, 
some in the fore part of the vessel inclined forward at 
about an angle of 45°, and others in the after part 
of the vessel inclining aft at the same angle. Others 
were also to be placed at right angles to the former, 
so as to act against the beams of the deck. J n the 
ports also, other trusses were" introduced, those in the 
ports forward inclining fbrwurd in an angle of' -10°, and 
those in the midships aft, at the same angles, but in an 
opposite direction. As it was uncertain where the 
centre of fracture would take place, a few of the port- 
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Naval At- holes about the centre of the ship had trusses introduced 
cliitecture. into them in both directions. Wedges were applied to 
the heels of the trusses to set them light. The ship 
being thus partially trussed, the water was let into the 
dock, and the ship floated out of it into the basin, 
where she was to lie one hour, when a Committee 
was to examine the sights, and ascertain how much 
the ship had altered; and again, what change had 
taken pluce in twenty-four hours after floating. This 
being done, the trusses were to be disengaged in as 
short a time as possible, in order to observe whether the 
effect of their removal would he instantaneous or gra¬ 
dual. 

Report of (295 ) The following is an extract from the Report 
Uni Com- of the Committee 

niittee ap- “ When the ship was in dock, on blocks perfectly 
exanuae' 0 s, l- ra 'K' lt > *he came down in the midships, by the sights 
the same, placed in the gun-deck, two feet two inches and a half; 

ami by those on the upper deck, two feet three inches 
and a quarter; and when undocked, with the trusses 
complete and in their places, she hogged, or broke her 
sheer, by the sights on the gun-deck, one foot two 
inches and five-eighths ; and at the expiration of twenty- 
four hours she had hogged, or further broke her sheer, 
two inches and five-eighths, and then appeared sta¬ 
tionary and completely borne by the trusses. 

(296.) “ We then proceeded to take away the trusses 
in the hold, and when they were wholly disengaged, she 
further hogged, or broke her sheer, six inches. We 
next proceeded to take away the trusses in the ports, 
aud when they were wholly cleared, she dropped at the 
extremities, or further hogged, three inches and a half, 
and was in that position when tried twenty-four hours 
after. 

(297.) “ Wc further beg to slate, that the whole of 
the trusses alluded to as placed at right angles to the 
first introduced, slackened ns the ship fiouted from the 
blocks, anti became short from half an inch to three 
inches and a half, and partook of no part of the pres¬ 
sure; which, in our opinion, clearly proves that the 
direction in which Sir Robert Scppings 1ms applied his 
diagonal frame is correct, as also the great utility of the 
tiussing system ; for although the ship, from her very 
detective state, was much against so severe an experi¬ 


ment, it has proved to us its good efTecls most satisfac¬ 
torily ; for many of the trusses in the ports forced the 
timbers three-eighths of an inch within the ends of their 
covering planks, thereby lessening their effect from what 
it would have been if the ship had been of a sound tex¬ 
ture ; yet on a ship in this state, the trussing between 
the ports alone, after those in the hold were wholly dis¬ 
engaged, had the effect of sustaining the immense pres¬ 
sure of both ends of the ship in her worst position, and 
prevented her irom breaking, which she would other¬ 
wise have dune, from three to four inches, and which 
she actually and immediately did on their being dis¬ 
engaged,” 

(298.) This slatement of the Portsmouth officers, 
says Sir Robert Seppiugs, will, I trust, be considered 
conclusive as to the benefits to he derived from the prin¬ 
ciple of trussing in the construction of ships; and al¬ 
though it was only applied from the keelson to the 
beams in the hold, and not to the ribs or frame of the 
ship, ns is the case when ships are regularly built on 
this system, yet it sufficiently establishes the soundness 
of the principle, 

(299.) When the Juslitia first floated, continues Sir 
Robert, after bring partially trussed, as described, the 
noise occasioned by the pressure on the trusses is stated 
to have been truly terrific, until she was fairly settled on 
them. The disengaging them also caused a similar 
crash. 

(300.) A demonstration of the principle employed 
by Sir Robert Seppiugs may be seen in the XLlId 
Number of the Journal of the Royal Institution. If 
through the point in which the sustaining forces meet, a 
line be drawn to represent the measure and direction of 
the straining force, and on it a parallelogram be con¬ 
structed, us a diagonal, havingits sides parallel to the sus¬ 
taining forces; then if the remaining diagonal of the 
parallelogram he drawn, and through the point where the 
sustaining forces meet, another line parallel to the same, 
all the parts of the framing on the same side of this line, as 
the straining force, will be in a state of compression , and 
all those on the other side of the same line in a stale of 
extension. Applying this principle to fig. 7 and 8, 
plate iii., wc shall deduce the results contained in the 
following Table. 
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chitecture. 


Demonstra¬ 
tion from 
abstract 
principle* of 
the truth of 
the same. 



Nature of the Strain operating on the Timbers. 


Braces. 

Trusses. 

Upper longi¬ 
tudinal piece. 

Middle longi¬ 
tudinal piece. 

Lower longi¬ 
tudinal piece. 

With the braces in the fore - ! 
lioily inclined aft, and 1 
those in the after body > 
inclined forward as in l 

% 7.J 

Extension. 

Compression. 

Extension. 

Compression. 

Compression. 

* 

With the braces in the fore "J 
body inclined forward, I 
and those in the after > 
body inclined ail, as in | 
fig. 8. 

Compression. 

Extension. 

• 

Extension. 

Extension. 

Compression. 
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chitecture. 


More par¬ 
ticular allu¬ 
sion to the 
causes of 

arching. 


Investiga¬ 
tion* of Dr. 
Young. 


The primary object of the diagonal framing is to prevent 
arching; and if we suppose AF, in both figures, to 
represent the ueutral line from which the arching pro¬ 
ceeds towards both extremities, it is evident that it is 
the mechanical combination represented in fig. 7 which 
can alone prevent it. For since A, ill that figure, by 
the hypothesis, is one of the neutral points of the system, 
it may be regarded as fixed ; and the tendency of arch¬ 
ing being to depress the points H, C and G, B,-the 
effect on the braces A C and A B will be precisely 
similar to the weights applied in the preceding investi¬ 
gation ; that is, to produce extension, and which is 
effectually provided for by the fastenings. The effect, 
moreover, brought at the same time into action by the 
trusses, in consequence of the disturbing force, is to 
resist, by the whole longitudinal strength of their fibres, 
all tendency to alteration of form; so that the effect 
exerted to depress the point C, is at once resisted by the 
fastenings appertaining to the brace A C, and to the lon¬ 
gitudinal strength of the fibres of the truss proceeding 
from the unchangeable point F. The point E becoming, 
iu this point of view, fixed, the action of the force which 
tends to depress the point H, in common with the point 
C, is resisted by the fastenings of the longitudinal tim¬ 
ber A II, and by the longitudinal resistance of the fibres 
of the truss F H; so that, provided the fastenings of 
the braces and of the upper longitudinal timber arc suf¬ 
ficient, and tile abutments of the trusses and of the 
middle longitudinal timber are also proper, all tendency 
to arching will be resisted in proportion to the perfection 
of the materials, and the excellence of the work¬ 
manship. 

(301.) But by referring to the converse disposition of 
the braces, as represented in fig. 8, it appears, from 
the preceding investigation, that the braces AC and 
A B arc subject to compression. And since the point 
A is, by the hypothesis, the neutral or fixed point, the 
effect of the compression of the brace A C must be to 
depress the point C, and thus to promote the tendency 
to arching. Nor is this tendency to lower the point C 
prevented by the action of the truss F E; since the 
point F being fixed by the supposition, the tendency to 
extension which takes place in the truss must lower 
the point E, and thus promote the further declension 
of the point C. The point E being thus depressed, 
must add its effect to the extending force colled into ac¬ 
tion in the truss E II, and thus produce a declension 
in the point H. Hence the whole effect of the dis¬ 
turbing force is to lower every part of the frame from 
C to 11, and thus to promote the arching of the vessel. 
Hence the superiority of the present system of diagonal 
framing becomes apparent, and the advantages derived 
from it are demonstrated by the mtiull alteration of 
form which ships now undergo in the act of launching. 

(302.) It is proper, however, to advert more parti¬ 
cularly to some of the causes of arching, and in the first 
place to the condition of weight. There is a well-known 
and obvious inequality of the distribution of the weight 
and pressure, which, independently of all cirtfiimstnuces 
of construction, produce arching. It is possible, as Dr. 
Young observes, there maybe cases in which a strain of 
a very different nature is produced, but in ships of war 
this tendency is universal. It is, however, very differ¬ 
ent in degree in the different parts of a ship; and of 
course, still more different according to the different 
modes of distribution of the ballast and stores occurring 
iu different ships. In a modern 74-gun ship, fitted for 


sea, the length being 176 feet, and the breadth 47*. Naval Ar. 
the forces in ordinary cases arc thus distributed: chitecture. 


Feet. 

Weight in 
Tons. 

l*rt ssure in 
Tons*. 

Aftermost. 49 

699 

627 

Next .... 20 

297 

lor> 


1216 

1098 


290 

498 

4 09 
461 

176 

3000 

3000 


Ditfi'ience in 
Tons. 

+ 72 
- 108 
-His 
— 110 
+ 37 

oo 


(303.) Now although this general distribution of the l>istribu- 
forccs may be supposed to exist, the laws of equilibrium of 
will not allow us to suppose them to be concentrated iu furcos - 
the middle of the respective portions, or equally distri¬ 
buted throughout them, still it is natural to suppose the 
excesses of weight ami pressure to be arranged with as 
few abrupt changes as possible, in order that they may 
neutralize each other at the commou termination of the 
adjoining portions, and to become more unequal in parts 
more remote from these neutral points. Thus the excess 
of weight in the first 19 leet being 72 tons, it may be 

144 

supposed to begin at the rate of — tons per fool, and 

to diminish gradually and equally, so that its centre of 

49 

action will be at the distance — from the end. The ex¬ 


cess of pressure -must increase in the next place, until, 
at the distance of 59 feet front the stern, it becomes 

per foot, and then diminish until it vanishes at 69, 


where the excess of weight must begin to prevail, be 
118 

coming at 94, — per foot, and vanishing at 119. The 


excess of pressure might then be supposed to increase 
gradually through the next portion, in order to avoid an 
abrupt change at its extremity; but this supposition 
would still be insufficient, and it becomes necessary to 
imagine that for 6.0 feet the forces remain neutralized, 
and the pressure then prevails, so that its excess he- 
119 

comes at last -= 17.7 per foot. It must then de- 

6,7 

crease for 17.5 feet, and the excess of weight at the 
extremity must become 19.7 feet, the neutral point 
being at 156.5. The equilibrium of the forces will then 
be expressed by the equation 

72 x 16.3 - 108 X 59 + 118 X 94 - 119 X 134.5 
- 155 x 144.8 + 192 X 169.5 = 0, 


which Dr. Young imagines is sufficiently accurate for 
every purpose. 

(304.) From this distribution of the forces, we p,./,. 
obtains determination of the strain for each point of 
the respective portions, which is in the joint ratio of the tor 
magnitudes and distances of all the forces concerned, lUt 1 1' oln 
on either side of the point, reduced into a common 
result. For the first portion it is 

72 1 144 ** 

49 6 ' 49 " 49’ 

X being the distance from the stern. 
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ctutecture. 


72 (x - 16£) - I . 19® . 

6 10 10 


For the third, 


108 


72 (x - 16J) - 54 (x - 55-) - — (x - 5 Oy 

-f - . . (x - 59)>. 

T 6 100 *■ r 

For the fourth, 

72 (x - 1GV) - ■ 1«8 (x - 59) + i — (x~MY 

6 23 


25 


For the fifth, 


72 (r - 16V) - 108 (x - 59) + 59 (r - 91) -+ 


1_18 

50 


'■ ' O' 25 ' 25 • 


For the sixth, from 119 to 125.6, 

72 (r - 16}) - 108 (x - 59) + 118(x-94). 
For the seventh, 

72 (x - 16£) - 108 (x - 59) + 118 (x - 94) - l . 

o 

119 (x - 125.61 s . 
13.4 ‘ lsT" ~ ’ 
nnd in the lust 37 feet, the strain will be expressed by 

(176 — x) 19.7x £(176 —x)— I . 19.7 


Ilence we find the strain, at seven points, 22 feel dis¬ 
tant from each other and from the ends, 605, 1993, 
2H15, 2*244, 2655, 4610, and 1875; and by taking the 
differential of x in the seventh portion, we determine 
he maximum at 141-J feet, amounting to 5261 tons, 
supposed to act at the distance of one foot, 
t'mw;iro* (305.) In order to form an idea of the curve which 
>>y would be produced by sueli a strain, acting on a uni- 
hi'rann , '" rml y flexible substance, we may consider the curvature 
ns icpresented by the second fluxion of the ordinate y; 
amt hy finding and correcting the fluent separately for 
each portion, we may obtain the ordinate, or fall, at any 
given point corresponding to a given extent of arching 
of the whole fabric. It will, however, be sufficiently 
accurate for this purpose, to consider the forces as con¬ 
centrated in a limited number of points, dividing those 
which act in the extreme portions into two parts, in 
order that the curvature may be continued to the ends ; 
so that the whole ot the forces may be thus distributed. 

Dmtaruvs. , forces. 

At 0 + 36 

+ 36 

59 -108 

94 +118 

134.5 -.119 

144.8 —155 

163 + 96 

176 + 96 

The strain for each portion may then be represented 
by a — bx, whence 


, • - Naval Ar¬ 
if — axx ox XX, chitecturo. 

. . i 

y = axx - zbx'x + ex, 

and y = ^ a x 4 — ifcx’ + ex+d. 

Dr. Young remarks it will be most convenient, in cal¬ 
culation, to make x begin anew with each portion, setting 
out from the middle, and to divide the numhers by 100, 
in order to shorten the operations. Thus, for the mid¬ 
dle portion, from 88 to 59, the strain will be 
.20*28 + .36 x, a being .2028, and b — — .36; and 
when x becomes .22, y is .00552 ; and when x = ,29, 

y 

- ss .0740, and y = ,0011; which values being sub- 

x 

stituted in the equations for the next portion, we have 
c= .074, and d ss .0011. By going through the 
whole length in this manner, we find the fail at the ex¬ 
tremes, and ut seven equidistant intermediate points,to be, 

.08697 

.05325 

.02514 

.00552 

.00000 

.0050" 

.02531 
.06705 
. 12325. 

If we wish to find the point at which the curve is 
parallel to the chord of the whole, we must inquire 
where c ss (. 12325 — .08697) : 1.76, which will be at 
98 feet, or 10 feet before the midships. 

(306.) To the strain which the circumstances of Effects of 
weight ant! upward pressure produces, another must be ii 

added resulting from n cause, which, although not very 
inconsiderable, appears to have been altogether neg- 
looted before l)r. Young inquired into it; and this is, 
that partial pressure of the water in a longitudinal 
direction, affecting the lower parts of the ship only, and 
tending to compress and shorten the keel, while it has 
no immediate action on the upper decks. The pres¬ 
sure thus applied, must obviously occasion a curva¬ 
ture, if the angles made with the decks by (he timbers 
are supposed to remain unaltered, while the keel is 
shortened in the same manner as any soft and thick sub¬ 
stance, pressed at one edge between the fingers, will 
become concave at the pnrt compressed. This strain, 
upon the most probable supposition respecting the com¬ 
parative strength of the upper and lower parts of the 
ship, must amount to more than nne-lhird as much as 
the mean value of the former, being equivalent to the 
effect of a weight of about 1000 tons, acting on a lever 
of one foot in length, while the strain, arising from the 
unequal distribution of the weight and displacement, 
amounts where it is greatest, that is, about 37 feet from 
the head, to 5260; and although the strain is consider¬ 
ably less ftian this exactly in the middle, and through¬ 
out the uflermost half of the length, it is no where con¬ 
verted into a tendency to “ sag,” or to become concave. 

It must, however, be remembered, that when arching 
actually takes place from the operation of those forces, 
it depends upon the comparative strength of the differ¬ 
ent parts of the ship and their fastenings, whether the 
curvature shall vary more or less from the form, which 



NAVAL ARCHITECTURE. 


393 


Naval At- resu its from the supposition of a uniform resistance 
throughout the length. 

(307.) Our limits will not permit us to pursue the 
analytical conditions connected with this longitudinal 
pressure; and we can, therefore, only add that these 


Distance from the stern 

0 

22 

44 

Strain. 

1247+0 

605 

1993 

Fall . 

.04828 

.08697 

.02716 .01207 

.05325 .02514 


.13525 

.08041 

.03721 

For 12 inches of arching 

10.58 

6.29 

, 2.91 


Force ofthe (308.) Important as are the effects produced on the 
wind and framework of the hull, when it floats quiescently on 
waves. the water, their amount is greatly increased when it is 
exposed to the forces of the wind and waves. The 
effect of the wind, Dr. Young observes, is generally 
compensated by a change of the situation of the actual 
water line, so that its amount may be estimated from 
the temporary or permanent inclination of the ship; 
and the force of the waves may be more directly calcu¬ 
lated from their height and breadth. As a fair speci¬ 
men of the greatest strain likely to arise from the waves 
in any common circumstances, we may consider the case 
of a.series of waves 20 feet in height, and 70 in breadth, 
their form being such, that the curvature of surface may 
be nearly proportional to the elevation or depression. 
II,iw strains The strain produced by the pressure of waves of given 
arisingfrum magnitude, may be calculated front the comparison of 
the displacement with respect to their surface, with the 
puled. * displacement with respect to a level surface. It is 
hence found that the greatest strain takes place in a 
74-gim ship, at the distance of about 18 feet from the 
midships, amounting to about 10,000 tons, at the instant 
when the ship is in a horizontal position, while, in more 
common cases, when the wnves are narrower, the strain 
will be proportionally smaller and nearer to the extre¬ 
mity. lienee it appears, that the strain produced by 
the action of the waves may very considerably exceed in 
magnitude the more permanent forces derived from the 
ordinary distribution of the weight and pressure; so 
that when both strains cooperate, their sum may be 
equivalent, to about 15,000 tons acting on a lever of 
one foot, and their ditFercnce, in opposite circumstances, 
to about 5000. There may, Dr. Young further ob¬ 
serves, possibly be cases in which the pressure of the 
waves produces a still greater effect thau this; and it 
may also lie observed, that the agitation accompanying 
it lends to make the fastenings give way much more 
readily than they would do if nn equal force were 
applied less abruptly. At the same time, it is not pro¬ 
bable that this strain ever becomes so great, as to make 
the former perfectly inconsiderable in comparison with 
it, especially if we take into account the uninterrupted 
continuance of its action: it appears, therefore, to be 
highly proper that the provision made for counter¬ 
acting the causes of arching should be greater thau for 
obviating the strain in the contrary direction; for exam¬ 
ple, that if the pieces of timber intended for opposing 
them were, on account of tiie nature of their fastenings, 
or for any other reason, more capable of resisting com¬ 
pression than extension, they should be so placed as to 
act as shores rather than as ties; although it by no 
means follows, from the form which the. ship assumes 
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different causes of arching beiug independent of each Naval Ar- 
other in their operation, their effects will be simply 
united into a common result. Hence the whole ciuva- 
ture of the ship, supposing Us strength equable 
throughout its length, may be thus represented. th,. whole 


66 

88 

110 

132 

154 

_ curvature of 
176 a ship. 

• 2815 

2224 

2655 

4610 

1875 

0 

.00302 

.00552 

.00000 

.00000 

.00302 

.00507 

.01207 

.02531 

.02716 

.06705 

.04S2S 

.12825 

.00854 

.00000 

.00809 

.03738 

.09421 

. ni 53 

.67 

.00 

.63 

2.93 

7.37 

13.12 


after once breaking, that the injury has been occasioned 
in the first instance by the immediate causes of arching; 
since, when the fasteuings have been loosened by a 
force of any kind, the ship will naturuily give way to 
the more permanent pressure which continues to act on 
her in the state of weakness they superinduced. 

(309.) The pressure of the water against the sides of Breaking 
a ship has also a tendency to produce a curvature in a t™"«- 
transversc direction. This is, moreover, greatly increased 
by the distribution ofthe weight, the parts near the sides 
being the heaviest, while the greatest vertical pressure 
ofthe water is in the neighbourhood of the keel. This 
pressure is often transmitted by the stanchions to the 
beams, so that tiiey are forced upwards in the middle; 
when they are unsupported, the beams are more gene¬ 
rally depressed in the middle, by the weight of the load 
which they sustain; while the inequality of the pressure 
of the water cooperates with other cutises in promoting 
the separation of the sides of the ship from the beams 
of the upper decks. On the other hand. Dr. Young 
observes, the weight ofthe main innst often prevails par¬ 
tially over that of the sides, so that the keel is forced rather 
downwards than upwards in the immediate neighbour¬ 
hood of the midships. The tendency to a transverse cur¬ 
vature is observable, when a ship rests on her side, in the 
opening of the joints ofthe planks aloft, and in t hair be¬ 
coming tighter helow ; although this effect depends less 
immediately on the absolute extension and compression 
of the neighbouring parts, than on the alteration of the 
curvature of tiie timbers in consequence of the pressure. 

(310.) Under such circumstances, there is, moreover, bateral cur- 
a tendency to produce a lateral curvature, and shores '“biro, 
are sometimes employed to prevent its effects, when a 
ship is “ hove down” on her side. This, indeed, is 
comparatively a rare occurrence; but when large waves 
strike a ship obliquely, they must often act in this 
manner witli immense force. The elevation on one 
side may be precisely opposite to the depression on the 
other, and the strain from this cause can scarcely be less 
than the vertical strain already calculated. Its effects, 
however, are less commonly observed, because we have 
not the same means of ascertaining tiie weakness which 
results from it, by the operation of a permanent cause. 

When a ship possesses a certain degree of flexibility, she 
may in some measure elude the violence of this force by- 
giving way a little for the short interval occupied by the 
passage of the wave ; but her sailing in a rough sea 
must be impaired by such a temporary change of form. 

(311.) Dupin, in a Paper in the Vliilosopliiml Invrsug.i- 
Transactiom for 1817, has investigated the analytical >m 
conditions of arching. By representing by ,r the dis- 
tance of any part of a vessel troin a vertical plane, and 
3 a 
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Naval Ar- by d x the thickness of the infinitely small sections parallel 
chitecture. thereto, 0 (x) il x denoting the weights of those sections, 
and 0 (») cf r that of the water which they respectively 
displace, the integral of the total moment of the forces 
will be 

./ { ‘ r 0 (*) da — a 0 (■*) d a } . 

Now, in order that this function may he either a maxi¬ 
mum or a minimum, its variation must be zero, and 
hence we have 

S/I x 0 (r) d t — ,i ¥t (j)di } = 0 . 

In this latter expression, however, neither of the ori¬ 
ginal sections alters its weight; and the functions 0 (x) 
and 0 (r) remain constant, as well as the thickness d r 
of the sections, only by removing the plane, with respect 
to which the moments are taken, to the distance ft x, the 
section of which 0 (ft r) represents the weight, and 
0 (ft x) its displacement. Hence we have 
0 = ft/ { 0 (.r) — 0 (-r) } i d x 
~JU [0 (ft■«’) — 0(d r)]-f [0(x)--0(.r)]} dx. ftx. 

But. since the functions 0 (r) and 0 (r) become zero, 
when we cause x to vanish, these expressions represent 
the weight and displacement of a vanishing sectiou; 
and hence we. see that 0 (ft x) — 0 (ft x) becomes infi¬ 
nitely small when compared with 0 (x) — 0 (x). 

If, therefore, the expression 0 (ftx) — 0 (ft x) may 
be neglected, much more may the function 

A[ 0 (Sx) — 0 (ft r)] d x . 5 x; 

and hence the general expression representing the con¬ 
dition of either the maximum or minimum of the 
moments tending to produce arching will be 

0 = 5 i f { 0 (x) - 0 (x) } d jc, 

where /0 (r) d r is the total weight of the. sections 
under consideration, and / 0 (x) dx the total weight of 
the displacement of the same sections. 

(312.) Hence we learn, that the sum of the moments 
tending to produce arching, is either a [maximum or a 
minimum, when the weight of the part of the vessel, 
either before or behind the plane of the moments, is 
equal to the weight of the water displaced by the same 
part of the ship. 

(313.) The maximum condition may be distin¬ 
guished from that of the minimum, according as the 
term of the formula neglected has the same nr a con¬ 
trary sign from the function of the total moment 

/ { 0 CO - 0 (x) } x . d x, 
and the sum of the moments, with relation to the plane 
determined, will be a minimum or a maximum. 

Since, however, 0 (ft r) 5x is the weight of Ihescction 
having ft v lor its thickness, and 0 (ftx) 5 x the weight 
of the water displaced by the same section, the function 

J (0 (ft x) — 0 (5 .*)] 3 x . d x 
will be positive or negative, according as the weight of 
the infinitely small section commencing at the plane of 
the moments, is greater or less than the weight of the 
water displaced by the section itself. Hence Dupin 
deduced the following general theorems. 

General I- That when a vertical plane divides a vessel into 
theorem*. I wo parts, so that the weight of each part is equal to 
the weight of water displaced by it, the moments of 
those parts estimated in relation to the. same, plane, to 
produce what we have denominated arching, will be 
either a maximum or a minimum. 


II. That this effect will he a maximum, when the Naval Ar 
infinitely small section contiguous to the plane of the eh^ctiire. 
moments, has its own moment in a contrary direction to ' 
that of the total moment. 

ill. That the effect will be a minimum when this 
section has its own moment acting in the same direction 
as the total moment, 

(314.) In order to apply these theorems to the system Applica- 
of forces adopted by Dr. Young os representing the lions «r 
conditions of the 74-gun ship before alluded to, Dupin * h, ' iL ' 
assumed a line A O, fig. 9, coincident with the water's y'ff’J r ‘ 
surface, aud in it certain segments, A C, C E, EG, G II, ” 

II K, lv M, uud M O, corresponding to the quantities in 
the first of[ the following columns. On certain of these 
segments he supposed triangular areas to be formed 
equivalent to the differences between the weights of 
the sections aud their displacements as estimated by 
Dr. Young. For instance, on the segment AC he 
formed the right-angled triangle ABC = -f- 72, below 
the water line, because the weight exceeded the pres¬ 
sure. On C E, also, he reared the isosceles triangle 
C l) E = — 108, and above the same line, because the 
pressure in this case exceeded the weight. On E G, 
likewise, he formed a triangle, EFG= + 118; on 
II K the right-angled triangle, 1IIK= — 119; and 
lastly on K M, M O the right-angled triangles I K M, 

M O N, the former having ail area of — 155, and the 
latter of + 192, the difference being —f- 37. 


Values of the Seg¬ 
ments making up 
the total Length 
of A O of the Ship. 

Area* equivalent to the Differences 
hetween the Weights of the 
Sections and their Displacement*. 

AC = 49 

Surface A II C = + 72 

C E = 20 

Surface C D E = — 108 

E(i = 50 

Surface EFG = -j- IJ8 

G II = 6.6 


II K = 13.4 

Surface II I K = - 119 

KM = 17.5 

Surface I K M = — 155 

M O = 19.5 

Surface MNO= + 192 

Total AO =176 

Total = 000 


(315.) Now, after determining the centres of gravity 
of the several triangular areas here referred to, and let¬ 
ting fall perpendiculars from them on the primitive line 
AO, he obtained an equation of equilibrium identical 
with that given by Dr. Young. On this equation 
Dupin makes many judicious observations. In the 
first place, he remarks, that the triangle E F G ought 
not to [be regarded as isosceles, since its vertex is the 
point in which the difference between the weight of the 
section and its displacement, is tjic greatest in this part 
of the vessel, and which ought to correspond with the 
position of the main mast. But the main mast is 
situated ubaft the middle point •!> of the vessel, and is, 
therefore, ngarer the common point of origin A by 

19 feet — 69^ than the central part of the 

ship. The learned Frenchman thinks the vertex of the 
triangle C D E to be too far forward by at least 13 
feet. To make the sum of the moments vanish also. 
Dr. Young was obliged to transfer a weight of 37 tons 
from the fore part ot the ship to its displacement. 
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Naval Art (316.) To correct the hypothesia of Dr. Young. 
c i»ec lire. a|l ^ tt pply the theorems just investigated to the tnaxi- 
Cnrrectiim mum ur *d minimum sections, Dupin drew within the 
„f ih,. |,y_ triangle C D E a line Pp, so as to cyt off from it the 
jmihi'sisuf negative area CDPp, numerically equal to the urea of 
l)r. Young. t) ie triangle A B C. Since, therefore, the area of the 
trapezium CDPp is by this supposition = — 72, it 
follows that the area of PpE = —36; and similar 
triangles being to each other in the duplicate ratio of 
their homologous sides, we have 


or 

Hence 


ADdE: A Pp E :: d E® : p E*. 

- 86 x 10» 


- 54 


36 :: 10’ 


— 54 


pE=20 =8.15; 


and, consequently, 


A p = A E — pE — 60.85. 


If wc now take the moments of the triangle A B C, 
and the trapezium C D Pp = AC 1) E — Al’pE, 
with respect to the line Pp, in which case we shall have 
for the positions of the centres of gravity 


pb = Ap — A 6 = 
pd=dE -pE= 

and q p E = 


60.S5 — 16.3 =44.55, 
10 - 8.15= 1.85, 


and hence for the moments required the following 
results : 


44. 55 x + 72= -f 3207.6 
1.85 X - 108= - 199.8 

2.72 x - 3fi = - 97.9, 


which gives for the final moment the positive quantity 
2910, indicating the tendency by which the stern of the 
vessel falls. 

(317.) If, however, in conformity to the second 
theorem, we find that the moment of the infinitely small 
section contiguous to the plane of the moments here 
referred to, be of a contrary character to that of the de¬ 
finitive moment just deduced, we shall be justified in 
concluding that the moment 2910 is absolutely (he 
greatest that cau be discovered; and that tile moment 
of the intiuiteiy small section alluded to is negative is 
apparent, on account of its partaking of the general con¬ 
dition of tlie triangle CDE, which has all its sections 
of a less weight than the volumes of water they respect¬ 
ively displace, whereas the total moment by the pre¬ 
ceding calculation is clearly positive. 

(3 IS.) Let us now consider the conditions of the sec¬ 
tions comprised between the points E and Ci; and 
since the area of the triangle E F G is by the hypothesis 
greater than the area of the triangle E p P, let us sup¬ 
pose a line Q g to be drawn at right angles to the water’s 
surface, so as to cut otf the triangle Q g E 'equal to the 
triangle EpP. To fix the position of this line, wc 
have, by means of the similar triangles F^E, QgE, 
the following proportion : 

AF/E: AAgE ::E/»:F,g*, 


or 


59 


36 


:: 25 ! 


OCX 25'- 
59 




19.a, 


Hence 

Eg = 150 
and, consequently, 

A g = A E + E g = S3.5. 

(319.) In order to estimate the moments of the 
triangles AB C, C 1) E, Qg E, with regard to the line 
Q g, we shall have for the positions of the centres of 
gravity, 

= Ag — A b — 88.5 — 16.3 = 72.2 
tig = A g — A d = 88.5 — 59 = 29.5 

1,- 19.5 

S fcff = - 3 - = 6.5, 

and tor the moments required, 

72.2 x + 72= 4- 5196 
29.5 x- 108= - 3186 

6.5 X -f 36 = + 234, 

giving for the final moment the positive quantity 2244. 

(320.) If now we consider the nature of the sections 
which are infinitely near Q g, it will be perceived that 
their weights exceed their displacements, and that their 
tendency, hence, is to produce a degree of curvature in 
the ship analogous to the moment just determined. 
Hence the moments tending to arch the ship longitudi 
•tally in Q g, at the distance of 88.5 feet aft, must b; 
the theorem he a minimum. 

(321.) In the next place, let us consider the nature 
of the sections situated between the points II and 51. 
The displacement of these sections exceed their abso¬ 
lve weights by a quantity equivalent to + 155 — 119, 
this amount being greater than the total result 

+ 72 — 108 + 118. 

Henee it is evident that we must cut off from the triangle 
HIM, by means of a vertical line ll.r, such a triangle 
HU r as may make , 

ABC + KF G -GDE-llRr = 0, 

and which condition furnishes for the value of the area 
of the triangle sought 

H Rr = ABC 4 E FG - CDE 
= 72 4- 118 — |08 

— s2. 


by 


Hence 


A FT I Iv : A II R r :: II K» : II r\ 


119 : 82 :: 13.4* 


Whence 


82 x 13.4' 

iT‘J 1 


A r = A II 


11 . 21 , 


52 . 

119 : 

ami A r = A II + H r = 125. 6 + 11.21 

= 136.81. 

(322.) To obtain the moments of the triangles ABC, 
C D E, K F G, and II r II with regard to the line It r, 
wv shall obtain for the positions of the centres of gravity 

»6 = rA — A4= 136.81 - 16.8 = 120.51 

rd = r A - Ad = 136.81 - 59 = 77.*1 

r/= r A — A/= 136. SI - 91 = 42. M 

11.21 


i ’ " 


3.71 ; 


:t (, i 
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chi teclure. 

--- 120.51 X + 72 = -f8676.72 

77.81 X - 108= - 8403.48 

42.91 X + 118 = 4- 5051.59 
3.74.X- 82 = - 306.68 

giving for the definitive moment, the positive number 
5018.14. 

(323.) Thus the sections infinitely near to R r, will 


have their weights less than the resistance of the water Naval Ar» 
they displace, the moments of the same sections acting chitecture. 
in a contrary direction to that of the total moment. " 

Hence, by the second theorem, the moment just deduced 
is a maximum. 

(324.) At the extremities of the vessel, the sum of the 
moments being zero, must furnish likewise two mini¬ 
mum values. Hence the maximum and minimum 
values of the moments tending to arch the vetsel are 
those in the following Table : 


At zero, or the 
point A. 

At Ap = 60.85 
feet from A. 

At A g = 88.53 
feet from A. 

At A r= 136.81 
feet from A. 

At Ao= 176 
feet from A. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Value of the 
in Di ne nt 
= 0. 

Value of the 
moment 
= 2910. 

Value of the 
moment 
= 2214. 

Value of the 
moment 
= 5018.44. 

Value of the 
moment 
= 0. 


(325.) If we refer to the maximum and minimum 
.sections passing through A p and A q, we perceive that 
from the former to the latter there must be a continual 
declension in the value of each moment; and that, con¬ 
sequently, at 88 feet from the origin at A, the magni¬ 
tude of the moineut must be greater than at the distance 
of 88.53 feet from the suine point where the lniuimuin 
section exists; a conclusion, it may be remarked, agree¬ 
ing with the theory of Dr. Young. So, also, by refer¬ 
ring to the maximum sections deduced by Dupiu we 
shall find them greater than the sections nearest to 
them in the investigation of Dr. Young. 

(326.) Similar analogies, however, do not exist, when 
wc compare the maximum section of Young with the 
deductions of Dupin. The former makes that section 
to exist at the distance of 141.3 feet from the after part 
of the water line, producing a strain equivalent to 5261 
tons acting at the distance of a foot; whereas the latter 
estimates the strain at a like point at 4920.3 tons. 
These investigations are far, however, from being per¬ 
fect. Observation joined to future applications of ana¬ 
lysis will be necessary to render it perfect. 

(327.) It hus been very ingeniously observed, says 
Dr. Young, that arching is not only a part of the evil 
occasioned by a ship’s weakness, but tliul it lias an 
immediate tendency to afford a partial remedy for the 
cause which produces it, by making the displacement 
greater at the extremities of the vessel, and smaller in 
tlie middle; but, in fact, Ibis change appears to be too 
inconsiderable in its extent, to produce any material 
benefit, tlie strain at the midships being diminished by 
each inch of arching only 66 tons, supposed to act at one 
foot; so that very little relief is obtained from the 
change, in comparison with the whole strain. 

Chapman'* (32H.) What the views of Chapman were respecting 
views of the trussing of ships may he gathered from the follow- 

arching. ing extract from his Work on ships of war, and by 

which it will be seen bow much superior the views of 
Seppings were to those of the Swedish ship-builder. 

(329.) If a ship were cut transversely into numerous 
parts, and each part were enclosed at its ends, so as to 
be water tight, those parts nearest the extremities of the 
ship would sink much deeper, and the middle parts rise 
higher out of the water, and thus assume a different 


form from that shown in the drawing, namely, higher in 
midships and lower at the extremities. And us the 
form of a ship above or below the water cannot be other¬ 
wise than it is now, and always has been, nor can the 
situation of the weights by which the ship is pressed 
down be altered, this defect can be obviated in another 
manner than by a certain security through the whole 
length of the ship, not, however, wholly, but, in a greater 
or less degree, depending on using the best means, and 
those which cause the least inconvenience. 

(330.) In the year 1759 two vessels were built at 
Stralsund, to be used in the Frische-huf, in a War with 
the King of Prussia, the one about 100 feet long, and 
above 20 feel in breadth, and drawing not more water 
than 7£ feet: the other about 80 feet in length, and 
drawing 5 J; feet water. They carried heavy armaments, 
especially at the extremities, and were made to row as 
well as sail; and on account of this armament and 
many considerable weights, a strong combination of the 
fabric was necessary; but although their bottoms had 
the greatest fulness which could be reasonably allowed 
to them, they could not thereby obtain a sufficient dis¬ 
placement. Jt was therefore necessary to build them with 
timbers of as small scantling as possible; and us on this 
account they could not possess the necessary strength, 
especially in regard to their arching, the following method 
was adopted. 

(331.) Parallel to the middle line of the vessels on 
each side, about half way between the keelson and the 
orlop clamps, a strnke of oak was laid on its edge six 
inches thick, along the whole length of the hold, let 
down an inch over all the limbers, the ends of which 
extended to the deck, both forward and abaft, which 
was called the builge-strake, and which was fastened 
with bolts through the timbers and outside plunk. 
Under the beams of the deck, perpendicularly over the 
builge-strake, was fixed on its edge a slrake of fir along 
the whole length of the vessel six inches thick, with a 
score one inch deep for the beams, to which it was 
bolted, and was called the longitudinal shelf. Both 
ends of this shelf lay against the timbers of the frame, 
and its lower side on the builge-strake, to which it was 
coaked, both forward and abaft, and was fastened with 
bolts through the builge-strake, timbers, and outside 
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Naval Ar- plank. Between llie builge-strake and the shelf, vertical ore bolted together to give shift to each other Over iff 

chitecture. oak pillars were placed, at a distance from each other these are laid three strokes of deck plank of suc h a cMtectnra. 

'"“‘V'-' equal to their length; from the. lower end of one pillar thickness that they can he let down one inch over the 
to the upper end of each following pillar was placed a beams, with bolts through these beams and the shelf 
diagonal shore of fir. See more on this subject in the g is the vertical pillar, and h the diagonal or shore id 
Archilcclura Navalis Mercatoria, printed at Stockholm other respects the disposition of thepillars and trusses 
in the year 1768, and in the Treatise on Ship-building &c. is as already described. “ ' ’ 

relating to it, printed at Stockholm in the year 1775, p. (33b.) It must be further remarked, that all the parts 
217; and as it was found that the object was obtained which belong to this trussing, and terminate at the 
by the use of this diagonal trussing, all armed vessels, extremities of the ship, are there secured in the best 
as well great as small, have had trussing in all respects manner to the ship: therefore not only must the ends 
similar to it. of the builge-slrake and shelf be coaked together at the 

(332.) In the year 1772 an armed vessel was built at extremities of the ship, but also the security there required 
Stockholm about the same size as that first named, but is supplied by fillings lying longitudinally, which are not 
instead of the vertical pillars being of oak, as in the only coaked together but also to the builge-strake and 
former vessel, they were of fir, but in all other re- shelf; and which extend as fur as where the shelf and 
spects as before. Immediately the vessel was off* the builge-strake arc about 2 or 2J feet apart, by which the 
slip it was found that it had straightened in the launch- whole mass, namely, the shelf, filling, builge-strake, 
ing four inches, but within twenty-four hours it re- timbers, and outer plank, receive a sufficient number of 
covered so much of its former sheer, that the sheer was bolts, which are driven from without and within, as xr. 
straightened by only two inches. When it was exa- Likewise the fillings e under the builge-strake and be- 
niined in what manner this had taken place, it was tween the riders are coaked to the ceiling, and the 
found that the abutments of the shelf had pressed into builge-strake to the fillings e. The combination of this 
the vertical fir pillars, nearly half an inch in some disposition of trussing at both extremities of the ship 
and it was this yielding of the timber, which in some, cannot always, however, be performed in the same 
degree recovered itself, by which the arching was di- manner. For example, if the trussing comes nearer to, 
miuished. On the lower ends of the pillars against or further from, the middle line of the ship, or if (he ship 
the wedges little or no indentation was observed. The has greater or less fulness at the extremities, &c„ each 
sliding plank on which the builge-ways ran, during the of these cases requires a different method, the circum- 
launcliing, did not extend to the edge of the water, but stance of the part to be strengthened determining the 
terminated about a foot above it, so that when the mid- manner of performing it. 

die of the vessel was at the end of the sliding plank, its (336.) This method of security, when it is well exo- 
Ibremost end had not (lie support of the water, and be- cuted, will certainly accomplish the object. That the 
came balanced ; ami it was just at this moment that the preventing arching is of consequence may be inferred 
arching must have taken place. hence. When a coasting vessel, which was to carry a 

(333.) About the year 1789 two larger vessels were considerable armament, and more than 100 feet long, 
built, each carrying one tier of 36-pounders, but without was strengthened in this manner, the day before it was 
any diagonal trussing. They were used in the Russian launched, the wedges at the lower ends of the pillars 
war, and became much arched, and when they after- were for the last time driven up. When all the wedges 
wards required a large repair, it was found that the at the pillars fore and aft on both sides were burdened 
keel, which was 135 feet in length, had curved up- up at the same time, the upper end of the keel rose so 
wards in midships 2| feet, on which account the usual much from the upper block, that the block became 
diagonal trussing in the hold wns given to them. loosened and movable. It. should also be remarked, 

(334.) Suppose it be required, says Chapman, to that this vessel was not deep in the hold, had only one 
•nake a similar disposition of security for a ship of deck, with light upper works and small scantlings, 
the line, for instance, a ship of 110 guns, and let (337.) As the timber and iron work required tor this 
fig. 10 and 11 represent this arrangement. As this trussing would be equal to the weight of 1200 cubic 
strengthening should be applied at the place most feet of water, the three-decker would sink about 1£ inch 
convenient, in respect to the stowage of the hold, it deeper in the water, by which the height of the battery 
is most important to obtain a sufficient breadth for a would be so much the less; but as this should not be 
certain number of water-casks, here considered to be allowed, the drawing should be altered, so that the dis- 
four whole and one half cask on each side tile keelson placement, which is =;152,875, may become =154,075 
or midship pillars. If five whole casks were taken, the cubic feet. This alteration can be made as follows : 
trussing would coine too far out into the builge. The (338.) To keep the © section and all the other sec- 
nearer it comes, also, to the middle of the ship the tione at the same places as before, the exponent n of the 
greater effect it has in preventing arching ; therefore, line of sections remains the same s= 2.6385, whence the 
when the diameters of four whole and one half cask are n 4-1. D 

added together, with half the thickness of the midship area of the © section is = --—— == 1027.2U. Let 

pillar, and the whole thickness of the diagonal shores, nl 

it gives 18 J feet, which is the distance of the middle line A be a tenth of an inch longer, then A is = 18.213, 
of the ship from the outside of the diagonal shores. To hence B is =56.4; the breadth has thus obtained an 
show this trussing, the ship’s side, from one end to the increase of 0.13 foot. 

other, as far as this trussing extends, is supposed to be (339.) The lowering of the metacentrc, which is 
laid open, a is the frame timbers, 6 the ceiling, c the caused by the increase of the displacement, is counter- 
riders, A the builge-strake, e the fillings between the balanced by the small increase of the breadth; finis 
riders, builge-strake, and ceiling, f the shelf under the situation of the rnetaccntre is not changed. Ibis 
the beams, which being two thicknesses in breadth, brief account of the notions of the celebrated < hap- 
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NavalI Ar- man, shows at'once the superiority of the plans of 
cinivcnirf. Seppings, 

On the Head* and Stern * of Vessels. 

Ilea'lu amt (340.) In the earliest times, the favourite emblem of 
vessels" eau ^ particular nation rarely failed to appear when any 
opportunity presented itself for its introduction. Accord¬ 
ingly we find the Owl constantly appeared on the Athe¬ 
nian prow, and the Cock, the emblem of vigilance, on those 
of the PhtBiiician Colonics; and that much importance 
was attached to the formation and decoration of this part 
of a vessel, may be gathered from the abundant illustra¬ 
tions afforded by ancient coins. Many of the designs 
remaining to us of these ancient prows, prove their con¬ 
trivers to have been unxious, not only for the employ¬ 
ment of such improvements and inventions as had mere 
utility, or the annoyance of enemies to recommend 
them, but many were designed tor no other purpose 
than magnificence and splendour. 

Ocniratiims (341.) Tile decorations of the stern, or poop, how- 
ever, very much surpassed those of the head ; and to it 
nftli'u i,,”” were atlached, at the extremity of a staff" or upright pole, 
those floating streamers of various uolours, which have 
descended even to our present times. The cumbrous 
and expensive ornaments, therefore, which continued to 
decorate ships at the commencement of the XVIllth 
Century, may find an apology in the customs that pre¬ 
vailed two thousaud years ago. 

Change in (342.) In 1796, the Admiralty, at the head of which 
the figure- waR Earl Spencer, directed that the ponderous heuds 
ships'in ' 11 w * 1 ' c * 1 disfigured our ships should no longer be con- 
17 %, tinned, and that the galleries and carved wmk should 
be removed from their sterns. This was a great step 
towards (hat simplicity so much to be desired in every 
mechanical construction; but it was not till 1811, that. 
Seppings was enabled to bring the simple circular bow 
now employed into use; nor till 1816 that he proposed 
that the same system should be adopted in the stern. 
Seppiugs's (343.) The alteration of the bow was generally re- 
stTi| U1,a S ar<Ie ‘ l as “ salutary improvement; but the change of 
0 tile stern met with the most violent opposition, founded 
chiefly on the erroneous idea that our seamen were 
likely to run from the enemy. Other notions connected 
with beauty and deformity were urged with singular 
pertinacity ; but the unanswerable arguments founded 
on experimental evidence, satisfactorily proved to every 
unprejudiced mind, that the introduction of this change 
of Ibnn, added considerably to the strength of the ship, 
considered as a mechanical framework; that the safety 
oi the crew was very much increased both from the 
effects of a sea striking the stern, and from shot fired by 
an enemy; and, moreover, that the additional means 
afforded for attack and defence were very much in- 
Sme'ms'o? Clc:lM l1 " Sm " t ' evidence of the mechanical strength 
attackby 0 “ at hered from a simple comparison of the forms 

iouiiiI uml * n %• :m d 13; and of the augmented means of 
square attack or defence from fig. 14 and 15, The objections 

stems. made as to tbrm have been entirely obviated by the 

model proposed by Mr. Roberts; mid it is satisfactory 
to find, that an impiovemcut, too long regarded with 
indifference or liostilily, is now likely to be adopted as a 
permanent improvement ill the British Navy. 


On Timber for the Navy. 

Timber for (344.) When we survey the framework only of a 
theNmy. single ship of war, the thought immediately occurs to 


the mind how many acres of forest trees must have been Naval Ar~ 
felled in order to furnish suitable timber for its forma- diitecture. 


tion; and when we further reflect on the slow growth of 
the oak, and on the comparatively limited surface of 
territory in our own Country covered by this noble tree, 
together with the enormous consumption necessary for 
the formation anil maintenance of our Navy, and all the 
hosts of our commercial fleets, with all the varied require¬ 
ments of the useful Arts, it cannot but become an anxious 
subject for consideration, how these multiplied demands 
cau in perpetuity be supplied. 

(31a.) Tile public attention was first aroused to the Importance 
importance of cultivating timber, by the immortal Sylva of cultivate 
of Evelyn. “ Many causes.” says Mr. Upcott in his "ig timber 
Preface to Evelyn’s Miscellaneous Writings, “ had ope- SyEvelyii. 
rated to the diminution of our woods and forests.* Men 
were not planters but destroyers of wood, without 
thought of the future ; but the Civil wars gave a final 
blow to the work of havock: the aged oaks, like the old 
families which owned them, were, by these enemies of 
all that was elegant and venerable, doomed to destruc¬ 
tion ; iecling their tenure insecure, and professing them¬ 
selves against root and branch, either to be reimbursed 
their holy purchases, or tor some other sordid respect, 
they were tempted not only to fell and cut down. Out 
utterly extirpate, demolish, and raze, all those many 
goodly woods and forests, which our more prudent an¬ 
cestors left standing for the service of I heir Country.” 

The’Work of Evelyn was the first book printed by order Evelyn's 
of the Royal Society, “It sounded the trumpet of first 
alarm to the Nation on tile condition of (he woods and ^V‘”k 
forests, and awakened the landholders to a sense of ^ilr'cittbe 
(heir own and their Country’s interests. lie lived to Ri,y„] 
know that many millions of forest trees had been pro- Society, 
pagated and planted at his instigation.” And who cau 
estimate the heiiefits lie conferred? who cau say, after 
reflecting on the Naval conflicts this Country has had to 
pass through since the time of that great man, how 
large a portion of our Naval glory is to be attributed 
to him?t 


(346.) During the reigns of Charles II. and Wil- Laws 
liam III. laws were enacted lor making enclosures enacted 
in the Forest of Dean in Gloucestershire, and the 
New Forest in Hampshire; and had those wise uiul 
prudent measures been continued to be acted on with all 


* Lmm I he records of the Royal Forests, it appears that in 
Hillb a survey was made of six of them. There was then found 
fit for Navul purposes 234,'229 trees, and of decayed trees the 
enormous number of 263,145. 

4 Kvelyu laboured to the end of bis long life in giving to his 
Sy/i'tt all the perfection in his power; and at a late period we find 
him thus encouraging the planter with the promise of longevity : 
“ It is observed that planters are often blessed with health and old 
age. The days of a tree are the days of my people, says the 
prophet Isaiah. lian >cri/m netogenaruiM, and shall if God protract 
my years, and continue my health, lie continually plunting, till it 
shall please him to transplant me into those glor'ipus regions above, 
planted with perennial groves and trees bearing immortal fruit.’’ 
” While Britain," says Mr. D’Israeli, “ retains her awful situation 
among the nations of Europe, the Sylva of Evelyn will endure 
with her triumphant oaks. It was un author in his studious 
retreat, who, easting a prophetic eye on the Age we live in, secured 
the late victories of our Naval Sovereignty. Impure at the Admi¬ 
ralty how the fleets of Nelson have been constructed, and they can 
tell you that it was with the oaks which the genius of Evelyn had 
planted.” 1 

Evelyn says, “ So precious was the esteem of the oak, that of old 
there was an express law among thu Twelvo Tallies concerning the 
very gathering of the acorns, though they should be found iallen 
iu unother man’s ground," 
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Naval Ar- the energy our insular situation ought to have com- 
chitecture. numdeil, much of that anxiety which tiie enormous 
consumption of the last war produced, could not have 
occurred. The first great advance in the price of oak 
timber took place soon after the Restoration. 

In 1771 a (347.) In 1771 a Committee of the House of Com- 
oftheitimse inons WBS n PP 0 ' lltec l to inquire into the state of oak tim- 
oKamimons her throughout the Kingdom; but singularly enough, 
appointed from a difference of opinion, or defect of evidence, or 
respecting a wish to avoid giving alarm, the Committee prayed 
oak timber. (o j, ave ihat p art 0 f j[ s or{ jcr discharged which required 
them to report their opinion. In the following year, 
the Legislature interfered to prevent the East India 
Company from building ships in England until the 
amount of their tonnage should be reduced to 45,000 
tons, affording by inference what that opinion was. In 
1783, when the six Royal Forests alluded to in a pre¬ 
ceding note were surveyed, it was found that the trees 
fit for Naval purposes amounted only to 50,455, and 
decayed frees to 35,554, exhibiting a decrease from 
1608 of nearly four-fifths. There is, also, reason for 
believing that a corresponding diminution had taken 
place in all the Royal Forests. The quantity of Eng¬ 
lish oak timber consumed for the Navy, from October 
1760 to December 1788, amounted to 1,276,362 loads. 
In 178S (34s.) In 1788 the consideration of the subject was 

Committee renewed with more, energy, and a better prospect of 
eittoex" 14 * succcss - state of our woods and forests hud begun 

mine him to excite the most serious inquiry in Parliament. The 
the alarm- immense expenditure of wood, particularly of that tech- 
ing state uf nically called compass timber, filled all thinking men 
our forests. w ith a well-grounded apprehension that our supply 
might fall very far short of the demand ; and this alarm 
in all probability would have been realized, but for the. 
happy introduction of iron, which during the War of 
the French Revolution hud in so many ways been em¬ 
ployed with advantage in the practical Arts. It seems 
to have been admitted on all hands, that prior to the 
period last adverted to, there had been a most, extrava¬ 
gant waste of oak timber, a waste not only injurious to 
the financial resources of the Country, but also to the 
production of the article itself. Trees were felled in a 
premature state without consideration, nor was any care 
taken that their places should be supplied by a younger 
stock.* Men thought only of the present, anxious no 


* Kvclyn in liis Letter to Mr. Aubrey remarked, that where 
gomlly oaks grew and were cut down by his grandfather a hundred 
years before, beech only was then to he seen. He saw this to lie 
an evil, and how has the evil multiplied and spread since his time! 
Arthur Young was of opinion, that in the Comities best adapted for 
the growth of oak, Kent, Sussex, &c. not one acre has been planted 
for fifty acres of wood-land that has been grubbed up. From t no ti me 
of the Vomisilay-bouh down to 1792 there was a gradual diminu¬ 
tion of wood-land. A competent person remarked in 1813, that if 
we except the Koynl Forests, and perhups tho estates of some half 
a dozen great landholders, such us the Dukes of Devonshire, Nor¬ 
folk, Portland, Newcastle, ike., it may be doubtsil whether any 
thing like a regular plantation of oak timber has taken place for 
the sixty years preceding. 

It has been remarked, that the quantity of acorns which the oak 
hears, has made many people suppose, that Nature has taken care 
to renew a supply for us; and that of this vast quantity of seed, 
which annually tails, there will always be a superabundant supply 
of young trees, growing up in the place of the old ones; hut expe¬ 
rience proves that this is by no means the case. The greater num¬ 
ber of these fallen acorns is devoured by many different animals, 
for whose nourishment Nature has provided that abundance of 
them; and of thoso which escape this fate, we are to consider how few 
can conic to perfection, from the natural accidents to which they are 
unavoidably exposed. Acorns fall on a covered ground, where dead 


doubt for their Country’s good, but without that portion 
of wholesome care, which in every condition of life is 
the main spring of all transcendent and long-continued 
exertions. The amount of private shipping had in¬ 
creased during the sanguinary eonilict here adverted lo 
from 1,300,000 tons to 2,500.000 ; that of the F.ast 
India Company during the same period from 70,000 
tons to 115,000; ami the Navy, rising in gigantic 
power with all our difficulties, augmenting fuun ItKi.OOO 
to 800,000 tons. And if in addition to all this we 
reflect, how greatly the manufacturing energies of the 
Country had been quickened; how on the right hat d 
and on the. left, in districts hitherto mildest by tho pre¬ 
sence ot the Mechanical Arts, mills and enormous erec¬ 
tions of machinery were in abundance created ; docks, 
dock gates, slips, sluices, and piers, boats, barges, and 
bridges, in all our harbours; the operations of mining, 
extensive coal works; the pursuits of agriculture; the 
construction of innumerable barracks; the demands of 
the ordnance ;—in all these ami many more, oak timber 
being required in an abundance unthooght of by the 
most sanguine speculator of a former Age;—when up¬ 
wards of 100 sail of the line were in active commission, 
1G0 frigates, 200 sloops, besides bombs, gun-brigs, cut¬ 
ters, schooners, &c., together with an immense fleet ill 
ordinary, performing various offices: no wonder when 
all these combined causes were in full activity and play, 
ami the price of the article, the sure criterion of the 
stock in hand, began to augment with the most rapid 
strides, that the public attention was aroused, and 
that Parliament in all right energy and power took up 
the question. It was calculated about this time that 
the whole consumption of oak for the Royal Navy, the 
East India Company, the Merchant Service, the internal 
demands for buildings of different kinds, canals, machi¬ 
nery, docks, &c. amounted to 4,015,000 tons. 

(349.) Accordingly in 1808, when the last embers of 
the hope of Peace had well nigh expired, and when men 
began to fear that, a contest already unexampled in its 
fury and expense might yet be indefinitely prolonged, 
the Commissioners of Woods and Forests began to make 
active arrangements to meet the coming evil. In 1812 
they made their first Report, and afforded sonic dull by 
which a proper notion might be formed of our condition. 
Taking the tonnage of the Navy, said they, in 1806, at 
776,087 tons, it would require, at the rate of one load 
and a half to a ton, the enormous quantity of 1,104,085 
loads to build such a Navy ; and supposing the average 
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leaves anil decayed branches of trues usually prevent their touching 
tile earth; or it circumstances lire more favourable, and they are 
enabled to shoot, it is merely from tlio surface, where they ore, 
from the slowness of their growth, liable, while very tender, to the 
influences of frost; and added to this, it is very difficult for such 
tender plants a^ the young seedlings of these to find room for 
growth or nourishment among the roots of other trees spreading 
every way. The continual shade and want of free air also must 
render them very weakly and irregulnr in their growth, even sup¬ 
posing they are able to surmount all other difficulties. 

It is, indeed, certain, tliut oaks arc frequently met with among 
the underwood of forests, but tlus is only the case in spots where 
there has been a vacancy or opening; and that usually, where 
there arc not, nor havo at any time been oaks in (he neighbourhood 
of the spot. Those trees which grow at a distance, result most 
likely from the oceideutal acorns hiought tliitlier by lards Tins in 
an instance familiarly verified, by observing, tb.it Ihcio aie h*'- 
quently little bushes near woods, which. though of wl.dc-thinn, or 
other trees, are usually surrounded ami ornamented with young 
oaks. Javs and like cur 1 ivnmns birds are the ic.d .mdi.-rs at these 
crops. 
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Naval At- duration of a ship to be fourteen years, and there nre 
chitecture. many strong reasons for believing thut this is too highly 
rated, an annual amount of 83,14!) loads would be re¬ 
quired, exclusive of repairs, which they estimate at 
27,000 loads, making in the whole about 110,000 loads, 
towards which, however, they thought the bravery of 
British seamen might yearly afford 21,341 loads in the 
shape of prizes ;* and from other sources than British 
oak 28,659 loads might be drawn, leaving a demand of 
Annual 60,000 loads annually for the oak necessary for support- 
loaclson 1 " in K * n l ^ en unexampled magnitude, the whole Bri- 
thi, hypo- lish Navy, including ships of war of all sorts, which 
thesis. may be regarded as equivalent to twenty 74-gun ships, 
containing one with another us constructed at that time, 
about 2000 tons, or 3000 loads of timber. 

Numlier of (350.) Now it has been estimated on an average, 
tree* nceos- that of such oak trees as are necessary for constructing 
shmthe s !*'[ >s °f the line, forty cover an acre of ground, 
line. Hence 50 acres of land, slocked at this rate with the 

finest trees, would he necessary for the construction of 
such a Bhip; and, consequently, 1000 acres for the 
twenty ships assumed as the annual consumption, 
.mlirr of Now, the oak, slow of growth, requires at least a cen- 
■ss ir'- tu ll,l 7 lo bring it to maturity ; and hence 100,000 acres 
■rn uj.u would be required to keep up a successive supply for 
ply of maintaining a navy of 700,000 or 800,000 tons. The 
Commissioners hence observed, that os there were 
20,000,000 of acres of waste land in the Kingdom, a 
two-hundredth part set aside for planting, would at once 
furnish the whole quantity wanted for the Navy. 
Objections (351.) This computation, it has been remarked, is 
to this com- Ver y considerably overrated. It proceeded on one great 
J l011, and melancholy hypothesis,—perpetual war, and an 
amount of tonnage more than double its present actual 
amount. Added to which it was also questioned, whe¬ 
ther fourteen years was not too low an estimate for the 
average duration of ships ; but alter what we have seen 
of tlie ravages of dry rot, we prefer calculating on the 
safe side. Assuming, however, with the author of a 
statement of apparently good authority, made in the 
midst of the Wur, the actual tonnage kept in commis¬ 
sion to be 400,Out) tons, and the uverage duration of 
a ship of war to lie 12^ years, there would be required 
an annual supply of tonnage to preserve the Navy in 
this state, amounting to 32,000 tons, or 48,000 loads of 
timber. According to the hypothesis before alluded to 
of the consumption tor u 74-gun ship,these 48,000 loads 
would build 8 sail of tile line and 16 tiigutes. Allowing 
one-fourth more for casualties, the annual consumption 
would be 60,000 loads, or 40,000 full-grown trees, of 
which thirty-five will stand on an acre. The quantity 
of timber, therefore, necessary for a 74-gun ship will 
occupy 57 acres of lund,t and the auuiiul demand will 


• The splendid Naval achievements of the late War prove that 
this was nut an improper supposition. During that War, Kngbmd 
Deemed to have swept from the Ocean the Meets of her enemies. 
There were captured or destroyed during that arduous conflict 15G 
sail of the line, .‘182 large frigates, and 662 corvettes, in all 25116 
sail of vessels of war. It appears, also, that on the 30th September, 
1811, there were prize ship admitted to registry, nud added to the 
commercial Navy of Great Britain, no less than 4023 ships, mea¬ 
suring 530,240 tons. 

f On the hypothesis of 33 trees growing on a single acre, it 
wilt require for the building of a 120-gnn ship, according to the 
present mode of construction, 108 acres of land; of an 80-gun Bhip 
124 acres) of a 74-gun ship 103 acres; of a 52-gun fngate 68 
acres) of a 40-gun frigate 514 acres; of a 28-gun ship 27.J acres) 
of an 18-gun corvette 18 acres; of an 18-gun brig 13J acres; of a 
10-gim brig 9| acres; of a schooner 7 acres, and of a cutter 5j 


lie the produce of 1140 acres. Allowing, alHO, only 
90 years for the oak to arrive at perfection, there 
ought now to be standing 120,600 acres of oak 
plantation, and an annual felling and planting, in 
perpetual rotation of 1140 acres, to meet the con¬ 
sumption of the Navy alone. Large as this may 
seem, it is little more than 21 acres for each County in 
England and Wales; which is not equal to the belt sur¬ 
rounding the park and pleasure-grounds of many 
estates.* 

(352.) This calculation proceeds on the supposition 
that every acre of the great surface of land referred to, is 
covered with timber fit for the purposes of ship-building; 
and that the greatest possible care is taken to nurse 
the plantations up to that, standard. It may, however, 
be reasonably doubted, if we take the uverage condition 
of tlie Country into consideration, whether more than 
one-tenth of that number could be found on a single 
acre. Adopting also the ratio fixed on by some able 
writers, that tlie quautity of oak timber consumed in 
the Navy is only a tenth part of the whole consumption 
of the Country, it is evident that upwards of 12,000,000 
of acres would be necessary to satisfy the whole de¬ 
mand. We have no means of answering the question 
whether such a quantity exists or not; but we know, 
that long before the conclusion of the War, a scarcity 
began to lie felt, especially of the larger kind of tiinbet 
fit lor ships of the line. 

(353.) This Essay is, however, written under the 
favourable circumstances of Peace, and when the diffi¬ 
culties we have passed through exist in our minds only 
as important Historical facts. It is our duty in a season 
of such a kind lo look around, to husband our resources, 
and so to augment them as to enable us to enter with 
confidence into those untried scenes which may yet be 
in store for us. Not only is it our duty to encourage 
tlie growth of oaks, but also to keep our attention 
steadily directed to the timber to be found in our 
Colonial possessions. It has been truly observed, that 
the superior quality and abundance of the teak timber 
of India, and the Naval establishments in that Coun¬ 
try, are available resources for keeping up our Naval 
strength, far too important to be in any way neglected. 


acres. For one ship of each of theso classes, 5% acres of land 
would be necessary, stocked according to the hypothesis ad¬ 
verted to. 

• At the time Lord Glenbervic was Surveyor General of the 
Woods, &c„ he reckoned in his first Hejinrt that GO.OUOjacrcs might 
be obtained from the several Royal Forests; and that the remain¬ 
ing -10,000 might probably be found among the forest lands in the 
Duchy of Lancaster, from Needwood forest, 3000 acres of which 
weie ajijiropriated to the Crown, from allotments to the Crown on 
the division of wastes and commons, by purchase, or otherwise, of 
lauds locally situated within the diilereiit Royal Forests occupied 
by individuals either by legal title or by encroachments, by pur¬ 
chase of wood-lands from private owners, and by purchasing out, or 
refusing the renewal of, Crown leases of hind containing oak cop¬ 
pices or land fit for the growth of oak. To which might be added 
a reservation in every Enclosure Bill of neertain proportion to be set 
apart fur the express purpose of planting oaks, besides an obliga¬ 
tory clause to jdant oaks in the fences at limited distances. His 
Lordship also thought that the 100,000 acres should he enclosed and 
planted at the rate of about 4000 acres annually, which would 
complete the whole in about 25 yea^t. The present and inter¬ 
mediate supply will be obtained from timber now ready for felling, 
and in its different stages in the Royal Forests, on private estates, 
from thinnings of the new plantations for inferior purposes, by im¬ 
portations of foreign oak, and hy the use of other kinds of timber. 
At the tune this Report was drawn up 33,000 acres had already 
been apj.rojiriateil in this way ; and since that time our energies 
have not been slackened. 
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The supply which the forests of India yield, if not 
made use of in ship-building, must, like many other re¬ 
sources of that splendid region, be entirely lost to the 
nation. 

(.354.) The teak forests are in the Ghauts of the inte¬ 
rior, both to the Northwurd and Southward of Bombay, 
but chiefly in the latter direction. Lord Wellesley was 
the first, in consequence of a communication from Lord 
Melville, to cause the teak forests of Western India to 
be examined, and measures were adopted for procuring 
a regular supply front them. The East Iudiu Company 
purchased various wood-lauds, and the supply seems 
now inexhaustible. 

(355.) The quality of teak is in many respects pre¬ 
ferable to that of ouk for ship-building. Alternate ex¬ 
posure to a vertical sun, and to the drenching rain of 
the wet monsoons, which would rend in pieces Euro¬ 
pean oal* produces no injurious effects upon teuk. 
Many of the upright timbers for securing the stays in 
the Old Docks at Bombay have stood more than forty 
years with paint or tar, and in 1812 were still as perfect 
ns when first erected. A piece of the same wood also, 
taken out of a gate of one of Tippoo’s forts in Canara, 
which had been exposed to every change of weather for 
more than half a century, when brought to Bombay wus 
ascertained to be unimpaired, with nails, which hud se¬ 
cured it, quite free from corrosion or rust, and as sound 
as when tirst driven. The Turkish flog ship ut Hussorah 
was built by Nadir Shah, aud after seventy years, when 
examined at Bombay, was found perfectly sound. The 
Hercules of 485 tons, built at the same place in 1763, 
when captured by the French in 1783, was entire in 
every part; and the Milford of 079 tons, after constant 
employment between China and Europe lor 24 years, 
was examined, and no timber found which required 
shifting. Her teak main mast continued in her twenty- 
one years, when, being partially sprung, it was converted 
into a main mast for a smaller vessel. Teak possesses 
the valuable property of preserving iron, while oak de¬ 
stroys it. A piece of teak plank, which hud been bolted 
to the side of the Chiffone frigate, was removed ut (he 
cud of eight years. That part of the iron bolt buried in 
the teak was found perfectly good, whereas that which 
hail been in the oak was totally corroded. 

(356.) Much has been said in favour of larch for the 
purposes of ship-building. So fully wus the Empress 
Catherine impressed with its value, that the exportation 
of it from Russia was at one time prohibited. The 
rapidity of its growth is so great, that it has been found 
to double in diameter that of the oak in the same given 
time, and hence to produce four times the quantity of 
timber. From several experiments it has been found 
not inferior in strength, toughness, and elasticity to oak. 
The Dukes of Athol and Montrose, Lord Fife, and 
several other great landholders in Scotland, have made 
very extensive plantations of this tree and the Scotch fir, 
which are rapidly rising into magnificent forests, and 
will enable us in future years to diminish the consump¬ 
tion of our native oak. 

(357.) Trinidad contains about a million and a half 
of acres, two-thirds of which, at least, are covered with 
wood, and wholly the^roperty of «the Crown. The 
Spanish peons, or labourers, are extremely dexterous at 
felling and squaring timber, and work at a cheap rate, 
fn Canada,.Nova Scotia, anil New Brunswick, also, we 
possess immense forests abounding with oak for ship¬ 
building. With ull these Colonial resources, added to 
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our own domestic supplies, and the great attention now 
paid to the rearing of the oak in our Royal Forests, we 
have little fear of obtaining an abundant quantity when- 
ever the warlike energies of the nation may be again 
called into exercise. 

(358.) In the Mediterranean Elands, in the Morea, in 
Albania, Dalmatia, and Croatia, the finest oak timber, 
in point of size and shape, is most abundant. 

(359.) In the Annates Mari limes for June 1828 is a 
Report of a Commission charged by the French Govern¬ 
ment with the exiuninationof woods imported from Africa. 
Of the cnil ccdra it was said, that though less flexible, 
it is tougher than oak, and being as strong, without 
being heavier, may be quite as advantngeously employed 
in Naval construction. The gonakicr, almost as flexible 
as oak, and at the same time possessing one half more 
strength and toughness, is better calculated for the 
frames of ships. The dethard, of equal strength with 
oak, is more flexible, but has not so much elasticity. It 
appears very well adapted lor planking, and as a substi¬ 
tute for compass timber. The lurfosa has rather less 
flexibility than oak, but is superior to it in every other 
respect. 

(360.) For many purposes, if timber have strength 
and durability, it possesses every necessary quality ; lint 
there are some applications of wood in which other qua¬ 
lities are necessary, such us flexibility, elasticity, and 
lightness. This is particularly the case in mast-making, 
a branch of ship-building on which the most important 
considerations depend. I fa mast possesses so great a 
degree of rigidity as not to yield to the sudden shocks to 
which it is subject, it must soon become fractured ; and 
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if its resilience when bent be not sufficient to cause it to 
recover its true position, it is rendered weaker at every 
impulse. 

(361.) The timber commonly used for masts is ftrand y; r iui j 
pine, distinguished according- to the character of their pine, 
leaves and cones. By nuist-inakcrs it is distinguished 
by the name of the place from which it is imported, as 
the Norway and Riga firs, Canada red and white pines, 

&e. According to Mr. Fincham, the timber that pus- K( . mail{< 
sesses in the greatest degree the qualities best suited for on v.i- 
ninsting, is the pints silvcshis (jenevemis vulgaris, netics. 
abounding in the vast forests of Russia, Norwuy, and 
Poland. The most esteemed is from the Ukraine mid 
Livonia, ami is brought down the Dwinn. It is com¬ 
monly called Riga from the port from which it is shipped, 
in llte same way as the Adriatic fir derives its name fiom 
being shipped in the Adriatic. The different firs and 
pines, besides those of the North, used for masting the 
Royal Navy of Great Britain, and likewise (o a great 
extent her commercial Navy, ure principally those from 
Canada, with some from Nova Scotia, and a few from 
Scotland. The timber from Canada consists chiefly of 
the piitus slrcbus , or what is commonly called the. Wey¬ 
mouth, or white masting pine; and the white, red, and 
black spruce, pints Canadensis. The Scotch fir, piiius 
silve.slris, is common iu the Highlands of Scotland, as 
well as in Norway, Denmark, aud Sweden. 

(362.) Standing masts are generally made of yellow Further re¬ 
pine, and topmasts of it>d. The while, red, and black'"“'kv' 11 
spruce are but little employed, excepting for small spars. 

The Adriatic fir is frequently used for the mnsl.s of 
cutters and other small vessels, but its qualities are not iWi. 
very gootl. Timber denominated Poon has been par¬ 
tially used for masting ships built in India; and the 
Cowrie brought from New Zealand has been employed 
3 it 
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Naval Ar- for small standing masts, and for topmasts even for a 
clut«cture. first-rate. This latter possesses many of the most 
' - - J ggteemed qualities for masting. 

(363.) The French, according to Forfait and others, 
have received considerable supplies from Corsica, from 
the Pyrenees, from Catalonia, Savoy, from the neigh¬ 
bourhood of Mont Blanc, Ptty de Dome, and Cantul. 
These lirs, however, contain but little resinous matter. 
The heart is porous and the grain close, and their flexi¬ 
bility is but very trifling. They soon become dry and 
break under very slight strains. 

Turks,from (3(54.) The Turks obtain excellent firs from the 
shores of shores of the Black Sea. They are commonly of the 
Block Sea. S p ec j es denominated pinrn pinea, and pinus laricis. 
t'caUkiu'" They are but little inferior to the trees of the North. 

(365.) It requires great practical skill and experience 
to judge of the qualities of any kind of wood. Jn the 
selection of firs for masting, the climate, aspect, and soil 
in which they grow must be attentively considered. To 
judge of the qualities of trees while standing, is the duty 
of those employed in the forests; while the mast-maker 
makes his selection from the trees when tolled, and 
judges of them us timber, 'fhe most desirable firs have 
a line ami close grain, with the ligneous layers closely 
blended together, and their annual concentric circles 
finely and firmly connected, decreasing gradually from 
the heart to the sap. The nearer these layers approach 
to circles or ellipses, the less likely is the timber to be 
defective. They are, generally, highly charged with 
resin, giving strength and elasticity, preserving the 
timber from insects, and preventing fermentation and 
decay. The colour should be of u clear or bright yel¬ 
low, with a reddish cast alternately. The smell of Riga 
and other firs of this quality, should be strongly resi¬ 
nous, especially when they are exposed to the sun, or 
their shavings are rubltcd between the fingers. In cases 
where the layers are open, with pale rad tints near the 
heart, and white spotB intermixed ; or where they are of 
a dark red colour with the resinous particles of a black¬ 
ish colour, the timber is in a state of decay. When firs 
are cut transversely, and not of an uniform colour, but 
interspersed with veins, and the smell is entirely gone 
or become fetid, they may be considered as past their 
prime, and approaching a state of decay. In some yel¬ 
low and red pines, the degree of unsound ness is indicated 
by the offensiveness of the smell, and alternate layers of 
a foxy-brown, or red colour, will break out before the 
shar|>est plane on being wrought. 

(SCO.) The experienced mast-maker, soys Mr. 
expei irnced Fiticham, forms his opinion of the quality of a stick, not 
mast-maker on iy f,. 0 |„ t[ le colour, smell, and appearance of the grain, 
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but also by its working; for as a stick is more or less 
fragile, the greater or less difficulty he has in separating 
its parts, as lie chops them off. If the timber is good, 
its parts, on being separated, appear stringy, and oppose 
a strong adhesion, and the shavings from the plane will 
beur to be twisted two or three times round the fingers; 
whereas, if the stick be of a bad quality, or in a state of 
decay, and has lost itn resinous qualities, the chips and 
shavings come off short and brittle, and with much 
greater ease. * 

(367.) Those kinds of timber that have but little or 
no resin, and whose colour is of a whitish or light brown 
cast, and are of rather a coarse grain, as the Adriatic, 
Norway, &c., will, as they become dry, though they 
maintuin their strength and resilience for a considerable 
time, be so rigid that they will ulway9 be subject to 


break, by any sudden impulse, without warning, espe- Naval Ar- 
cially if they are kept in dry stores for a long time. chitecture. 

(366.) The lliga and other timbers containing a pro- J 

per quantity of resin, and the red pine, from the fine¬ 
ness and closeness of its grain, and the adhesiveness of 
its fibre, not only maintain their resilience, but their 
strength and flexibility much longer, even to a dry 
state. 

(369.) The Cowrie possesses advantages over most Cowrie, 
other timber, from the firmness of its grain, and the 
uniformity of its texture. The experiments which have 
been made on this timber, compared with the Riga, 

Danlzic, and other esteemed firs, justify the conclusion 
that it possesses equally good qualities with these tim¬ 
bers, for all the purposes for which they are generally 
used. When exposed to the weather, it appeurs less 
liable toshrink, and stands equally well with them. The 
Cowrie spars that have been brought to England, ap¬ 
pear but a little beyond saplings, since many of the full 
grown trees are said to exceed St) feet in girth, and to 
continue the full size to nearly 60 feet from the ground. 

Their common diameter is from three to six feet, and 
their length frequently from 90 to 100 feet clear of 
branches. 

(370.) These are some of the results which long Valuable 
practical experience affords, and are the only solid information 
groundworks of improvement in the Mechanical Arts. ( !' ^ '!>*• 

In the various applications of timber, and in none more 
so than in mast-making, accurate experience is of the }j, e n, 
greatest importance. The Philosopher, as he passes 
through a workshop, learns to value men who, at every 
step, may afford him some useful information; some¬ 
thing probably which had been handed down by tradi¬ 
tion from one generation of workmen to another, but 
with which he is not acquainted. And that knowledge 
of this kind is indispensable, if he wishes to gain an 
accurate acquaintance with the Arts of tile, will be rea¬ 
dily conceded by him whose mind has been properly 
disciplined and trained; who regurds all the practical 
Arts as helpmates to Science ; and as the only cer¬ 
tain foundations for the very best departments of our 
knowledge. 

Dry Rot, and other Sources of Decay. 

(371.) One of the most formidable evils the Navy of Dry rot, 
England has had to contend with is the dry rot; a subtle &c. 
enemy, more terrible than the bullets of the greatest 
cannon, decomposing the fibres of timber, depriving the 
largest trees of all their strength, and in a few years 
reducing the whole fabric of the noblest vessel to a mass 
of dry dust. « 

(372.) It has been reserved for our days to see Great (leve¬ 
ling destructive agent develope itself with gigantic 
power, attacking many of our modern built houses, ‘ ox ™ 
and sappiug with irresistible energy our finest built 
ships. The inquiring mind naturally' asks, how 
vessels built half a century ago are more durable 
than those constructed at the present time; to what 
circumstance it is to be attributed that the beautiful 
roof of Westminster Hall is as sound and as perfect 
as on tiie day it was built ,^Why the mansions and 
Baronial halls of the olden time seem destined to Bur- 
vive the modern built villa; why some of our oldest 
ships should exhibit fewer elements of decay than the 
vessels on which all the resources of Modern Art have 
been bestowed? 
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(373.) There can lie no doubt that this disease, 
whatever it be,—for its nature and cure seem almost 
equally unknown, must have been coevul with timber 
trees themselves, though not known by its present name, 
or exhibiting so formidable examples of its power, 
until about the middle of the last Century.* About 
the year 1810,t however, the public attention was first 
seriously awakened to its importance, in consequence of 
the Queen Charlotte, a noble first-rate ship of war, hav¬ 
ing been launched at Deptford, sent round to Plymouth 
under jury masts in 1811, found too rotten to be sea¬ 
worthy, and in the following year undergoing a repair, 
amounting, it is said, to j£ 30,000. All her upper 
works wer$ infected with dry rot; the ends of her 
beams, cartings, and ledges, and the joinings of her 
planks being covered with a mouldy, fibrous, and re¬ 
ticulated crust, the portions of her timbers so covered 
being altogether rotten. It would be endless to enu¬ 
merate the abundant speculations to which this remark¬ 
able occurrence gave birth. Theories of its origin, 
remedies for its cure were offered on all sides; and 
while the severest critic could not but applaud the 
zeal and patriotic spirit which animated their authors, 
the melancholy conviction was forced on his attention, 
that neither for one nor the other was any sound or 
rational opinion offered. 

(374.) Among other objects of discussion was the in¬ 
quiry whether the common rot and the dry rot were the 
same; and it was soon perceived that the two were 
essentially different,—different in their origin, and very 
different in their modes of operation. The common 
rot, it was remarked, is a gradual decay of the fibre of 
the wood, more or less accelerated by the uncertain 
action of wind, heat, and moisture on its surface; its 
progress internally being greatest when the timber is 
constantly exposed to alternations of wet and drought, 
ns exemplified in the rapid decay of that part of a post 
which is close to the surface of the earth, while all 
above and below is perfectly sound; and least, when 
constantly soaked in water, or kept constantly dry, 
exposed to a free current of air, or excluded entirely 
from it. 

(375.) The dry rot, on the contrary, commences its 
ravages internally, and is but little affected by any 
external circumstance, excepting that of heat. Its ex¬ 
ternal characters are differently described by different 
observers. By some a fine mouldy coating has been 
observed to spread over fhe wood, of a brownish-yellow 
or dirty white, which soon begins to resemble in form 
and structure some of the beautiful ramified algus or sea¬ 
weeds. This in a little time becomes more compact, the 
iutcrstices being so completely filled up as to give to the 
whale the appearance of leather. By others it has been 
represented as fibres runuing over the surface in endless 
ramifications, resembling the nervous fibres of leaves; 
the interstices being filled with a spongy-like substance 
assuming the character of that order of Cryptogamous 


* Mr. Knowles, in his inquiry into the means which have been 
taken to preserve the Navy, cites thu 14th Chapter of Ltvtfinit, in 
which dry rot is accurately described under the name of “ leprosy 
in houses," and the same remedies directed to be applied, which 
have been practised with sKcess in our own time. That dry rot 
also existed in the latter part of the XVIIth Century may be in¬ 
ferred from Mr. I'epys, who gathered toad stools in their holds "as 
big as bis fiats.’’ 

f Tlte term " dry rot” was not inserted in any official document 
earlier than 1808. 


plimts distinguished by the name of/trrrgi/v * Acco-d- Naval tr- 
iug to Mr. Wade, tile wood at first swells ; after sutne chitucture. 
time it changes its colour, and then emits gases which v—-v——- 
have a mouldy or musty smell. In more advanced 
stages, the wood cracks transversely, and iu its latter 
stages becomes pulverulent, forming vegetable earth ; 
and, generally, in some of these stager. ot decay, the dif¬ 
ferent species of fungus are found to vegetate oil the 
mass. 

(376.) These appearanceu do not, however, invn- iy lv o r „it v i„ 
riably happen, the surface of the diseased timber some- its appear- 
times remaining unchanged, while the process of rotting *ne». 
is going on within ; and however sound the surface 
may be, the whole of the exterior fibres become decom¬ 
posed, presenting a mass of dust inclosed within a tliin 
external shell. No charring of the surface, no external 
application of paint, tar, or varnish, will stop its ravages 
where the seeds of the dry rot exist in a situation favour¬ 
able for their growth, though the external character of 
iiumldiness may by such means be prevented from ap¬ 
pearing on the surface. 

(377.) This terribly destructive agent was discovered 
in all our harbours, and sapping the vitals of our ships 
more or less, wherever they were found on the sea. 

From the be»t information that can he gathered, it up- Rapid con- 
pears, that to the rapid construction of our ships during struetionuf 
the lute War, may be attributed their very extraordinary S,l, l‘ s 
decay. When Lord Spencer quitted the Admiralty iu 
1801, it has been generally supposed that he left an * y 
efficient fleet, hut this was by no means the ease. It 
was numerous indeed, but many of the ships were nearly 
worn out. Lord St. Vincent, his successor, determined t„nl St. 
to build no more ships in merchants’ yards, and the Vincent de- 
Ring's yards were almost wholly occupied in patching •‘■rmineu to 
up those netuully in commission, and those brought for- ,,."1’. 
ward from the ordinary. In 1904, when Lord Mel- " p * 
ville succeeded to the Admiralty, the Navy was wholly chants’ 
inadequate to the situation of the Country ; scarcely one yarils. 
of the ships in commission having more than three years 
to run, most of them but two, and many only one; a Dangerous 
few, and but a few, new ones were slowly coining for- sute of tha 
ward in the Ring's yards, and none in the merchants’ j' i iv y iu 
yards. Thus circumstanced, recourse was had to pri- j ^ 
vate builders, who were wholly unprepared with mate- V iiic com. 
rials. Contracts, however, were entered into at ud- petted to 
vunced prices, the axe was set to work, and trees which b.ivc rc- 
were one year growing in the forest, were in the next 
floating on the ocean ; and up to the termination of the 
Wur, so closely did the demand press upon the supply, 
that few, if any, ships were built iu the lloyal yards with 


* Tha Author of this Essay, early in life, hail a book-ease with 
doss doors in its lower part, in a study on the ground-floor jf a 
new house. Into this lower compartment of the book-case, be 
had put a number of books he was not in the habit of using, 
together with many MSS. The doors were not opened for many 
mouths, but one day finding it necessary to refer to sumo Work, 
he opened the doors, and to his great amazement saw cveiy opening 
filled with the most beautiful varieties of fungus. On examining 
the hooks, some of them crumbled beneath the slightest touch; 
and between all their leaves, the finest layers of a very tlun 
leatlier-like substance were found. This substance bail removed 
all traces of writingfrom many of tlie MSS., and many fell into 
the finest powder. The lower part of the book case was completely 
rotten, and on oxsminiug the wood-work of the house, such ns tbo 
lower partitions, floors, stairs, tec., nearly the whole was found 
completely decayed. In a short time the staircase must have 
been broken down even by a little child treading on it, so active 
had been the work of destruction. Ho lost several rare and 
valuable Works, and some important MSS. on this occasion. 

a 11 2 
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'< ual Ar- well-sensoned timber. Hence the probable origin of an 
ciuledure. evil, which at one time filled the stoutest hearts with 
dismay, and reparation of the ravages of which has cost 
the Country millions. 

Scarcity of (378.) The scarcity of our own noble oak contributed 
greatly to accelerate this fearful state of things. Its 
employment in the same vessel in a seasoned and un- 
MUing dif- seasoned slate, and its mixture with different kinds of 
fi'rent kinds foreign timber, led to the most disastrous results. The 
nt wood m- Q ueen Charlotte before adverted to was nearly seven 
s'Jusonud years in building. Of the timber employed in her con- 
with un- struction, some was seasoned and some quite green, 
masoned. Part of it consisted of Canada oak, and part of pitch 
pine, both peculiarly susceptible of dry rot. Her 
timbers were covered with ns many species of the bole¬ 
tus as there were different kinds of wood employed in 
Varieties of her construction. During our long protracted War we 
waul cm- had line of buttle ships constructed in the Royal Dock- 
ptuyvd hi yards entirely of onk from Holstein, and frigates in the 
vlnls" 1 * hll,, ie establishments altogether of fir imported from the 
during the Baltic. In the river Thames, also, we had gun-brigs 
War. built of this latter material, and numerous frigates of 
the red pine, pitch pine, and yellow pine of America. At 
Botnbuy, Calcutta, and Cochin, ships of the line and 
vessels of other classes were formed wholly from teak. 
At Prince of Wales’s Island, frigates were constructed of 
the different sorts of wood abounding iu that Island; at 
Halifax, ships of birch, red pine, and oak; at Bermuda 
numerous vessels entirely of cedar. The Athol, also, 
was built in Englund entirely of larch. From Sierra 
Leone, timber was imported (or ship-building. Of these 
varieties, teak is the most durable, and the red pine of 
America the least so. Frigates framed from this latter 
wood seldom lasted longer titan four or five years. 
Examples (379.) As practically authentic examples of the evils 
of tmil resulting from the careless employment of unseasoned 
budding, timber,—of bad workmanship unchecked by vigilant 
superintending officers,—as examples, we tear we ntay 
say, of those tremendous frauds, which to a greater or 
less degree prevailed in most of our public departments 
at this lime, we select from a host that might beudduced 
the following. The Rodney, line of battle ship, built in 
the private yard of Barnard, was launched in 1809. 
She had scarcely put to sea, when, owing to the un¬ 
seasoned state of her limiter, all her planks became 
loose, and it was necessary to bring her home from the 
Mediterranean in 1812 to be paid olfi* The three 


* The re-blent overseer who in such cuses superintended the 
building of n ship, was whut was then denominated a quarterman, 
one degree above a common carpenter, at a salary 1'ioni £160 to 
£180 u year. This person was appointed to overlook and to 
cheek thu work of u Body of men, who were not very easily con¬ 
trolled. It was stated in evidence, before the Select Committee 
of the House of Contmous appointed to inquire into the subject, 
that a common shipwright ttien earned n guinea a day in job 
work. It was hardly to be expected, therefore, that an officer with 
so smalt a salury could resist the combinations of men gaining 
wages so high, particularly when joined by all the weight and in¬ 
fluence of the contractors. The mn/n'ctinn, therefore, was a nullity. 
It was utterly impossible for one individual tu examine minutely 
into all the operations of the great number of men employed at the 
same time on the different parts of so large a machine as a 74-gun 
ship. While superintending the work of one gang on one side of 
the ship, another gang may be employed, to adopt the strong lan¬ 
guage of a Quarterly Reviewer, “ clenching devils ,” ns they did in 
the Albion; or driving ,( short bolts? as was the case in the Ardent; 
or filling up bolt boles and the rifts in shaky timber with paint and 
putty. 

Equally unsatisfactory was the resurvey of the ship when she was 
received into thu King's yards. We quote the reply of the builder 


King’s master-shipwrights, who examined her, re- Naval Ar- 
ported that they found a bolt in the chock of a beam chitecture. 
not passing through the ship’s side, and that a hole ’ ' * J 
bored for a bolt had only putty put into it. The Dub- Disgracefu 
lin, built in Brent’s yard, was launched in February workman- 
1812, put in commission in the following August, sent ,hl P' - 
upon a cruise towards Madeira and the Western Islands 
in December, from which she returned to Plymouth in 
February 1813, iu so dreadful a state, that she was 
ordered to be paid off. The officers of the Plymouth 
yard stated in their report of this ship, that “ her defects 
exceeded any tiling they had ever witnessed in a new 
ship.” 

(380.) An idea of the enormous cost of repairs may Enormous 
be gathered from the following brief Table, part only of re ‘ 

a catalogue which fills the mind with the deepest indig¬ 
nation : 


When 

First 

Time of Ser¬ 
vice before 

Cost of 

When 

Built. 

Cost. 

being ducked. 

Urpslrs. 

paid olT. 

Superb.. 1798 

£38,647 

Yrtj. Mo*. 

2 « 

£47,283 

1809 

Ajax..., 1798 

39,039 

0 

5 

26,683 

1802 

Achilla . 1798 

38,450 

i 

5 

25,646 

1802 

Spencer. 1800 

36/449 

2 

9 

13,748 

1802 


In two cases out of the four the repairs considerably ex¬ 
ceeded the original costs of the vessels. The survey¬ 
ing officer who superintended the building of the Ajax, 


and his assistants when called on to explain their conduct with 
regard to thu Kodncy. 

‘‘ The Rodney was carefully inspected by us in the usuut maimer, 
and reported that, us fur as practicable for us to form an opinion, 
the works appeared to lie executed in a workinunhkc manner, and 
agreeably to the terms of the contract; lmt it is not possible for us 
to form any opinion of the intsrnal parts of the work, which can liu 
known only to those who inspect the whole of the work in the pro¬ 
gress of building.” 

Uow very imperfect an estimate is to he formed from the survey 
of a ship mnylie collected from the following fact: four 74-gtiu 
ships, the Resolution, the Thunderer, the Monarch, and the. Cul- 
loden, worn examined by the Dock-yard officers, and reported as fit 
to tie cut down and converted into raises to be employed against 
the large American frigates. They were taken in succession into 
dock for that purpose, but every une of them, on being opened, was 
found unfit fur further service, and ordered to he broken up. 

That a better system was employed in the King's yards there 
ran he no doubt, and if the ships built in tho Royal Dock-yards 
decayed, it arose from the material necessarily employed, und not 
from defective workmanship. In practical ship-building we sur¬ 
pass every other people; and a goad judge of this kind of 
carpentry need only walk through our Dock-yards, and minutely 
inspect the ships there building und repairing, to be convinced that 
the most careful attention is bestowed on this important particular. 
There is, indeed, so complete a system of inspection and responsi¬ 
bility, ns to make it quite impossible to slur over the workmanship 
in the same slovenly manner as was done in the private yards. 
The master-shipwright is churgcd with the general und unremit¬ 
ting superintendence of all the works in each yard ; his assistants 
superintend and control the foremen; they iu their turn check the 
leading men, and the leading men are responsible for the divisions 
under them. Tho foremen, being salary officers, have no partici¬ 
pation in the earnings of the gang, no interest in the work being 
Blovenly or rapidly performed. On the contrary, thd highest re¬ 
sponsibility rests on them for its proper execution. An account is 
taken of every timber and plank that enters the ship, of every hole 
that is bored, every bolt that is clenched, and every treenail that is 
driven. The hours of labour are precisely rcgulutcd. Every ship¬ 
wright must he punctual in his attendance, and decent and orderly 
in his behaviour; and hence it is no fault of the workmen, or of 
the officers who superintend them, if the ships built in the Royal 
Dock-yards decay. They ran only convert the timber that is in 
store. The responsibility of providing proper materials rests with 
a higher quarter: in the times we are alluding to with the Nuvy 
Braird, at the present time, now that that Board is abolished, with 
the Admiralty. 
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Naval Ar- stated in justification of his conduct, “ That the unfil- 
chitecture. ne8s ant j bad quality of the timber used in that ship, 
neither were, nor could be discovered by the surveying 
officers of the yard, as the defects (if any) were always 
hid by putty, and the surfaces of the beams, knees, 
riders, &c„ covered over with three coats of paint.”* 


* The magnitude of the evils existing at this time in our ship¬ 
building, will aimtly apologize for the following Reports of the sur¬ 
veying officers of Chathum yard on the state of the Albion, built 
iu a merchant’s yard, and alluded to in a former note. Such 
Reports ought to read a lesson of the strongest kind to the future 
managers of our Navy. 

Extract of a Copy of a Letter to the Navy Hoard, Chatham yard, 
April 1, 1811. 

The Albion under repair iu this yard, from her extraordinary 
defects, calls for a minuto inspection, and a particular description 
of the causes that may be discovered, that huve led to such uncom¬ 
mon complaints, in order to prevent similnr occurrences. 

We have taken a stroke out of her bottom, at the run of the 
first and second futtock heads, when we discovered that the usual 
mode of fastening the plank by single and double boring the tim¬ 
bers alternately 1ms nut been attended to, a large portion of the 
limbers being only single bored, of courso the ship has been de¬ 
prived of a considerable quantity of fastenings, and the treenails 
that ure driven uppear much crippled from the strain that has been 
upon them ; the plank at the run of the second futtock heads in par¬ 
ticular, is nut generally in contact with the timbers, nor wus it in the 
first instance, for we discover that it is not in places the proper 
thickness. 

The butts of the wales and the materials above are drawn apart 
in many places by the hogging of the ship, so that recourse has 
heen had to the letting iu of pieces at the butts, to make the 
calking stand. 

Iu the hold, the fool waling was, from the orlop clamps down, a 
mass of defective matter; we, in consequence, unbolted the riders, 
and took it out, when wo discovered the timbers of the frame and 
the opening sodden with filth. Had the ship been sunk in mud, 
her state could not have been worse; in places she appears to hare 
been a prey to insects of different descriptions, fur some of the 
openings were absolutely full of their remains. 

In unlHiltiug the riders, hooka, nnd crutches, we found many 
bolts broken, some short, and a few termed decile, or in other words 
false clenches ; in tho crutches we also found suverul bolts ragged, 
which we imagined was dono in consequence of their being for an 
auger of a larger diameter than the bolt required, as rope yarns 
Were wrapped round the belts so served. A piece of gun-deck 
Kpirkuting, and also a shift of foot waling was discovered to be 
chopped in, teimed a Spanish burn. 

The stern frame of the ship is fallen aft many inches, which 
may he seen by the carting under the gun-deck beum which rises 
to The throat of the deck transoms. 

The thwartsliip’s arms of the knees of the various decks are 
twisted froih tho sides of the heuins, many of them sprung so as to 
be of little use to the ship, nnd a considerable quantity of the 
fore nnd uf't bolts broken, many of the beams defective, uud de¬ 
parted considerably from their original round, particularly the 
orlop; in fact, this ship presents n fabric of complete debility, 
arising principally from the tnntJfiricHcy of the workmanship. 

With respect to the dccil bolts, as they are termed, or false 
clenches, we conceive the act so truly criminal, that we are humbly 
of opinion, that the Legislature should provide a punishment pro¬ 
portionate to tho offence. 

If it is judged proper to enact a penalty to prevent accidents in 
cases where the common stages are loaded with passengers heyunil 
a limited number, of how much more consequence is it to prevent 
acts which may be tho destruction uf hundreds 1 

(Signed.) R. Ski-vinos. KV. IIki.i.yeii. W. IIuwt. 
Joskvii Si'KCK, 1 f Queen, 

Tiiom is 1'auiiott, > Carpenters of the < Ramillies, 
RiniAKu Phick, j (Albion. 

The warrant for the Navy Hoard ordering the repairs of this 
ship did not, it seems, embrace nil that was necessary to be done; 
upon which the surveying officers again addressed the Board, as 
follows: 

We can with great truth assure your Honourable Board, that 
our reason for making I ho representation was grounded on no other 
motive than that of lining our duty in a cose where great neglect 
has taken place, from which the Government has sustained a consi- 
dtrnhle toss, and a ship’s company narrowly neaped shipwreck. 

We had flattered ourselves that our survey would have met with 


(381.) In the Journal of Lord Sandwich's visitation NmnlAt- 
of the Dock-yards in 1771, the following passage occurs. eluted me 

“ Went on board the Ardent, found her in a total decay - 

her timber nnd plank rotted almost universally. Tins R , c , mmk ' 
ship was built at Hull in 1761, and never was at sea; tyln the 
her prime cost was about £23,000, and her repairs are Juuru.d i f 
now estimated at £17,000. The cause of the great Lord t\.ml- 
decay of this ship is attributed to her being hastily w ‘ dl ' 
built.” His Lordship adds: “ no more ships to be 
built at Hull.” Happy would it have been for the 
Country could this injunction respecting Hull have 
been extended in an after time to all the private yards in 
the Kingdom; or if the necessities of the Kingdom 
required their assistance, that an effectual superintend¬ 
ence of them had been rigidly enforced. 

(382.) We have had so many exainpUs of great tin- M.mv 
rability in our Navy, that our regret at these instances examples 
of decay, cannot but be augmented when we reflect on ‘I 1 K'eat 
(hern. The llnynl William, a first-rate, built at Ports- ‘,J' r s 'l l ‘, l ‘ R,y 
month in 1719, was among the ships sent to the relief R;,yni 
of Uihrultar in 1782, and after the lapse of nearly a M dlium. 
century, bore the flugof the Port Admiral at Spithead. 

The breaking up of this fine old ship was an object of 
considerable curiosity. Various reasons had been 
assigned for her extraordinary durability. It was sup¬ 
posed that her timber had undergone some artificial 
seasoning, that the plunk and thick stuff had been burned 
instead of kilned, the ends and surfaces of tire various 
purts charred, and that the process of mail creeping », or 
gouging out, in crooked channels the surfaces of the 
timbers and planks, was made use of to give a free cir¬ 
culation of air. It is understood, however, that no indi¬ 
cations of charring, burning, or snail creeping could he 
traced, and thut her timbers had undergone no other 
preparation than that of time and the weather. This 
remarkable vessel was built by Mr. Nash, and he took 
particular care when building her to employ only well- 
seasoned materials. It is also a singular fact in the 
history of this ship, that owing to an ignohle jealousy 
which existed between her builder and Sir Jacob Aek- 
worth, Sir Jacob endeavouring iu till things to lessen 
the merit of Mr. Nash, the Royal William was not for 


your Honourable Board's approbation, anil bo we humbly conceive 
it would, but we suspect representations have been modi: to couo'er- 
act what uv have stated; if that be the case, we should be happy to 
meet those oil the spot that hare advanced a contrary ducti tile. 
Our suspicions Hint u different report has been git en, arise from the 
mode of repair you have been pleased to direct; uml which mode 
we consider has been adopted in cm.sequence of representations 
made by the assistant surveyor of the Navy, wlio lias, with tins 
merchant ship-builders, visited this yard since our statement. 

We have opened tier abaft since our survey, by which we have dis¬ 
covered great additional deficiency of workmanship, and should con¬ 
trary opinions havu been given to that we have udvunceil, we are 
of opinion, those that havo offered them should come and view the 
ship. 

(Signed.) It. Skppinub. K. P. H f.i.i.vku. W. Hi nt. 
These horrible devils ore nut confined to the .Albion. In tho sur¬ 
veying officers’ reports on the Ardent is the following passage: 
Several of the fore and aft bolts of the gun, upper, and quarter 
decks, also the forecastle, worked wholly uut. anil others partly so, 
ill consequence of many of the bolts being short; seme that worked 
out were only five inches, and others nine inches long. 

(Signed.) Josevu Tuckku. J.Aniku.. 

Euwaiui Ckchciiim,. Jambs Jai.oi.. 

The portion of the second Report, alluding to representations 
having heen made to counteract the statements that loot been 
afforded hy the distinguished ship-builders whose names arc attached 
to it, shews at once the nature of the influence that was excited, and 
goes fur to explain the iiL.iniinalile practices that pievailcd m these 
private yards where King’s ships were building. 
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X.uni Ar- ninny years employed, and even u decree was on one 
chitcctuN. 0( . ca( ij 0H made ibr making her a hospital ship. “’I'hus,” 
saiil Lord Sandwich, “ that ship which has proved to be 
of as (rood qualities as any ship that was ever built, was 
lost to the public Ibr many years, owing to a jealousy and 
ill will between two officers. Such feelings are the ruin 
of many great undertakings, and in the public depart¬ 
ments ought to be checked in every possible way.” 
Sovereign (393.) The Sovereign of the Seas, afterwards named 
<it the Sens. p le Royal Sovereign, was limit at Woolwich in 1637, 
and stood forty-seven years’ service. The Barfleur was 
built at Chatham in 1763, and in 1812 was still a good 
ship ami under repair for further service. The Mon¬ 
tague was launched at Chutham in 1779. After under¬ 
going several repairs, she carried the flog of Admiral 
Sir Manly Dixon, the “ Hero of the Lion” as he is called 
by the sailors, at Rio Janeiro. How different these 
examples from the Ocean, the Foudrovant, the St. Do- 
niingo, the Rodney, the Ajux, the Albion, and many 
others, which were falling to pieces within five years after 
launching, and some of (hem in less than three ! 

(394.) It is a consolatory reflection, however, after 
the really appalling considerations we have felt it our 
duty to go through, to state, that at the present time, 
the state of the British Navy is such as to warrant the 
most complete satisfaction in the general efficiency aud 
soundness of our ships. The constant assertions of 
those authorities, whose situations make them neces¬ 
sarily acquainted with the general state of the Navy, 
and whose unremitting attention renders them most 
intimately acquainted with the minutest details of his 
Majesty’s ships, are abundantly sufficient to remove 
every fear which its condition fifteen or twenty years ago 
could not but inspire. 

(395.) This great and desirable change has been 
brought about by various precautionary measures 
adopted by the late Navy Board, after reviewing all the 
pluus that had been proposed by different ingenious in¬ 
dividuals.* The methods at present adopted in his 
Majesty's Dock-yards for the preservation of timber, are 
such ns have been suggested by an examination of its 
nature, and the circumstances under which it is placed 
in ships, and which have been proved by experience to 
have been well calculated to produce this desirable effect. 
The principal of these—the placing timber under roofs, 
and keeping the logs apart from each other, is found 
an excellent method of seasoning timber, by admit¬ 
ting a free circulation of air without an exposure to 
the rain. Immersion of timber in water also is found to 
of timber in he an expeditious method of drawing out the juices of 

1 . the wood; and salt water has been preferred to fresh, 

on account of the antiputrescent power of salt, which, 
though less effective on vegetable thau on animal matter, 
is useful in checking the decay of timber. Also taking 
off’the sap, which speedily becomes rotten, and preveut- 
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* Wo are far from applying to those plans, and to thoir authors, 
those terms of indiscriminate censure which hjr many writers have 
been so abundantly directed to them. It is true that many, per¬ 
haps fhe great majority of them, were visionary, hut their authors 
deserve at least the praise of endeavouring to do well, and of 
checking an alarming evil. What, would have been our condition, 
hod the public felt no interest in the wrlfare of its Navy, had the 
national spirit been so degraded, so morbid, and sn dead, that it 
regarded neither the destruction of the natural bulwarks of the 
Country, nor the consequences to which so fearful a state qf things 
must have led P This keen interest respecting our political state, 
and the maintenance of our nntional glory and honour, is surely 
ua index of a healthy state of the public mud. 


ing the communication of the decay to the adjoining Naval Ar- 
heiirt wooil. Covering, likewise, the surfaces of Umber cliitecturo. 
with mineral tar or puint, thereby keeping the timber 
from being rent by the air, aud preventing the seed of 
the fungus, which may be in the outer laminte of the "JitH tar. 
timber, from vegetating, by the exclusion of the atmo¬ 
spheric air from it. It is also particularly useful when 
two kinds of timber are brought together, by preventing 
the fermentation which would arise from the union of 
different vegetable prineiples. The injection of tar and Injection of 
whitening into ships’ bottoms, has been ibund also of tar - 
very great benefit in preserving the timbers, by its pre¬ 
venting effectually the growth of the fungus; the open¬ 
ings between the timbers, which would otherwise he 
imperfectly filled, and the rents in the timbers, in which 
places the seed of the fungus would be most likely to 
vegetate, being by this means completely filled, the air, 
so necessary to vegetation, is excluded. It is probable 
that the great advantages of the injected tar, &c., into 
the interstices of the wood, are not yet fully known. 

(886.) In addition to these preventives, ships arc Building 
built and repaired uuder roofs, thereby preventing the and repair- 
rain from settling in the rents of the timbers and the in H''"t’'* 
openings between them. In the ships in ordinary, also, un lr 10 *’ 
particular attention has been paid to their preservation, 
by erecting temporary roofs ovei them, taking down 
parts of the bulk heads in the hold, and leaving out 
streaks in the decks and openings in the truss work, 
between the ports, to promote a tree circulation of air. 

(387.) It is proper to observe, however, that the Free cur- 
establislunent of a free current of air through a ship, rents of air. 
though of very great advantage in preventing decay, is, 
nevertheless, attended with the disadvantage of causing 
the timber to shrink, thereby impairing the strength of 
tile fabric, by destroying in some degree the beuefits 
arising from fitting the pieces of work closely together, 
technically called “ faying well.” The maximum ad¬ 
vantage is therefore obtained by giving such a circula¬ 
tion of air as may be sufficient to prevent decay, without 
causing the timber to shrink too mucii. Expei iencc is 
tending fast towards the discovery of the proper limit, 
towards which this principle may be carried with the 
greatest advantage to the service. 

(388.) The oak timber produced in the forests ot Gorman 
Germany is remarkably subject to the dry rot. Hence oak timber 
the ships in the Scheldt, during the latter part of Buo- su t j^ ct 
naparte’s career, were rapidlv advancing in rottenness W tu ‘ 
from this cause. The Chatham, a 74-gun sl'ip, had the 
dry rot in her timbers when taken from tin- stocks in the 
Dock yard of Flushing. The Rivoli, just off the stocks, 
at Mulaniacca near Venice, was also in the same state. 

This latter ship was built of oak cut from the Eastern 
shores of the Adriatic.* Foreign ships, therefore, are 


* It is remarkable that the Rivoli was built of oak which had 
been paid for by this Country, anil brought down to the sea-coast 
at our expense to be shipped for England. The defection of 
Austria at this juncture put the French however into possession of 
it, the timber having been unfortunately placed in a most conve¬ 
nient situation for the live of their Naval Arsenal near Venice. 
Though the English paid for the timber, the French paid for 
putting it together aud tilting out the ship. 

The Kivoli was floated out of the harbour over the bar that 
crosses the passage about midway, by means of a camel or water¬ 
tight box, resembling those used at Amsterdam and St. Peturs- 
burgh. The departure ot the ship was anxiously watched by Cap¬ 
tain John Talbot, in the Victorious of 74 guns, and the We axle 
brig of 18 guns, Captain Andrews. The English ships arrived off 
Venice on the 16th of March, 1812, aud on the 21st got sight of 
the Rivoli. She was attended by a large ship, two brigs, aud two 
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as much subject to the inroads of dry rot as our own ; 
and we may perhaps say, more so. 

(3S9.) Ships, however, are subject to other causes of 
deoay, besides those already enumerated. Marine ani¬ 
mals attack the plunking in every vulnerable part, and 
sometimes occasion the most alarming evils. In some 
climates, particularly in the Eust and West Indies, on 
the coast of Africa, and in the Mediterranean, the de¬ 
struction of timber is found to be much more rapid than 
in others, from the abundance of these animals infesting 
those seas. The danger to be apprehended from them 
there is very great; and indeed it is every where unsafe 
to allow any part of a ship’s bottom to remain unpro¬ 
tected from their attacks. 

(390.) According to Mr. Wiilcox the most destruc¬ 
tive of these.marine animals are the Teredo, the Phobia, 
and the Lepisma. The former genus is most to lie 
dreaded, and is said to have been originally imported 
from India It penetrates the hardest wood, und in¬ 
creases gradually in si/e as it proceeds in the work of 
destruction, until the part attacked by it frequently be¬ 
comes like a honeycomb. It is but rarely that they 
bore through, although they frequently approach the 
inner surface within a very short distance, leaving a sub¬ 
stance not. thicker then the twentieth of an inch from the 
inside. There is an instance connected with the Sceptre 
of 7 t guns, which fully proves the extreme danger of their 
attacks. .'his vessel left Bombay lor England in 180T, 
and al'er liei.ig me time on her passage, was obliged 
to retinii iu consequence of a serious teak proceeding 
from her bow. Or examining her, it was found to have 
resulted from some of the copper having been rubbed 
olf. and the parts oi the bottom and the gripe thereby 
i-xpnsed being attacked by the Teredo, which had pe- 
ni'trated these places to so great an extent us to render 


gun-bout« steering towards the port of Kotn, in Istria. TheVic- 
tu-iors .mil Weazle gave chase, anil at u quarter putt four in the 
wuriiir.g, the We.irle being a head, brought the two brigs to 
action. '< fire, the Victorious being within pistol-shot of the 
Kivuli, a lunt:<i<j action began. Soon after, one of the enemy's 
brigs blew u; mid at daylight, Captain Talbot saw the Weatle in 
chase of .. ■ otucr, but recalled her, perceiving she did nut gain 
iqoii the enemy. The other ships and the gun-boats were not in 
. iglit, anil the contending shins In ing iu seven fathoms water, off 
the mint ot Gran, Cloy to in i’ll 1 In. t thought the brig would lie of 
inure service near him, in case of either ship getting on alloto. 
Captain Andrews piuced ids tnig within pistol shot on tire how of 
the Knob and gave her three broadsides. It was now nearly cairn, 
and the act on Imd lusted four hours. The tire of the enemy was 
very faint, and at a '"tarter before niue she surrendered. She bore 
11" broad pendent • t Commodore Barre, the Commander-in-chief 
of tlie enemy’s turre in the Adriatic. 

At no period of the a 'lion were the two line of battle ships at a 
greater distance titan half musket shot from each other. The 
Commodore did not surrender until nearly two hours after his slop 
had become unmanageable, llis mizen mast fell just before he 
struck his colours, when his captain, most of his officers, und 400 
of his men were killed or wounded. The loss on hoard the Vic¬ 
torious also wtts very great. She had 4‘2 men killed and 09 
wounded. The Rivoli had on board 892 men at the commence¬ 
ment of the action, but the Victorious no more than 512, of whom 
60 were in the sick list. Captain Talbot received a medal for this 
action, and, subsequently, was mad J a Knight of the Bath. Captain 
Andrews was made Post and Lieutenant Peake of the Victorious 
a Commander. It is a curious fact, that after the valuation of 
the Hivoh, no less a sum than £13,000 was deducted from the 
proceeds for damages done to the ship in action.—Breutou, Naval 
Hittary . 

Thus though we at first lost the timber which had been pud for 
by British money, by the defection of Austria from the common 
cause, the gallun'ry of British sailors added the ship which had 
been etmttrwted with French money to the Navy of England, with 
a largu share of glory in addition. 


her quite unsafe to pursue her voyage, without putting Nuv.il Ar¬ 
on new planks on the bottom, ami shilling the grip” rlutecture. 
The species of Teredo most commonly found iu ship’s '—“v— 
bottoms is the Teredo Navalis, 

On the Tonnage of Ships, 

(391.) The rule commonly employed for finding the Toon.,go. 
tonnage of ships is opeu to the most formidable ohjec- Ongmuf 
tions. Founded on error, it opens a door to deccp- ,Iw l" 181 ' 1 * 
tion and fraud, and even the good qualities of merchant 
ships have been sacrificed to the desire of obtaining ex¬ 
cessive ladings, which this rule largely encourages. 1 1 
owes its origin to the 13 Uco. III. enp. 74, which de¬ 
clares that “ the length shall be taken in a straight lino 
along the rabbet of the keel of the ship; from the back 
of the main stern post to a perpendicular line from the 
fore part of the main step under the bowsprit. The 
breadth, also, shall be taken from the outside of the out¬ 
side plank, iu the broadest part of the ship, either above 
or below the muiu wales, exclusive of all manner of 
doubling planks that may be wrought upon the sides of 
the ship.” Incases in which it may be necessary to ascer¬ 
tain the tonnage of vessels afloat, it was further declared 
by 26 Geo. III. cap. 60, that to obtain the length, the 
measurer is to “ drop a plumb line over the stern of the 
ship, and measure the distance between such line and 
the after part of the stem post, at the loadwuter tnnrk; 
then measure from the top of the said plumb line in a 
parallel direction with the water, to a perpendicular 
point immediately over the londwater mark, at the fore 
part of the main stem, subtracting from such admea¬ 
surement the above distance ; the remainder will be the 
ship’s extreme length, from which is to be deducted 
three inches for every foot of the load draft of water for 
the rake abaft.” Then by 13 Geo. III. cap. 74. and 
26 Geo. HI. cnp. 60, “ from the length taken iu either 
of the ways above mentioned, subtract three-fifthis of the 
breadth taken as above, the remainder is esteemed the 
just length of the keel to find the tonnage; then mul¬ 
tiply this length by the breadth, and that product by 
half the breadth, and dividing by 94, the quotient is 
deemed the true contents of the lading.’'* 

(392.) This rule expressed iu algebraic language,— Algebraic 
the only language in which rules should at any time be 1 'I'lso'in 
delivered, is 

t „ B T IF 

LxBxt L x -j- 

* A 

94 94 ’ 

where L represents the length, and B the breadth. 

(393.) By this rule the whole of the vast tonnage of 
the British Naval and Commercial Marine is computed. 
Instances without number might be given of the errors 


* According to Mr. Parsons, the origin of this rule is as follows: 
A body floating in a fluid displaces a volume of that fluid, tbe 
weight of which is equal to the whole weight of the flouting laxly. 
This displacement must always besr some relation to the ptincipal 
dimensions of a ship, denoted here by L, B, and 1). It lots Iwen 
found, that in vessels of rather full forms, the displacement esti¬ 
mated in cubic feet of sea water, is equal to sixty Iwohundicdtlis of 
the product of these three dimensions j which being divided by 25, 
the number of cubic feet of salt water in a ton, will give 

IXBXDX.62 

- 


for the displacement in tuns. 
The draught of men of w ar 


is generally about half the extrema 
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Naval Ar- it occasions. Even by calculating the tonnage of tlie 
chiteeturc . 8ame vessel by the two methods above given, the results 
will be very different. Thus if we take the cutter given 
by Mr. Parsons in his Scales of Displacement of the 
British Navy, and apply the first method, the length to 
1* token will be 52.25 feet, and the tonnage l(iO tons ; 
but if measured by the second method, which involves 
the length of the water line, and is here found to be 
50,4 feet, the tonnage will amount only to 154 tons. 
If, moreover, the rake of the stern post be increased, and 
the rake of the stern diminished, the water line remain¬ 
ing unaltered, the length by the keel will bp only 48.5 
Instance of feet, and the tonnage 148 tons. And supposing on the 
its errors, contrary the rnkc of the stern post to be diminished, and 
the ralte of tile stern increased, the length by the keel 
will then be 58 feet, and the tonnage 177 Urns. But 
all the cases when mensurprl afloat, or by the water line, 
will give a tonnage of 154 tons. Thus in so small a 
vessel as a cutter, a variation of 2!) tons inay be made in 
the register of the vessel, without any sensible differ¬ 
ence in its real capacity, while the absolute weight this 
vessel can carry under ail the above circumstances 
amounts only to 90 tons. 

’ (394.) In like manner the length of the keel may be 

constant, and the water line vary, by altering the rake 
of the stern and stern post. Even the form of the head 
of the rudder will alter the tonnage of a vessel; for if a 
round headed rudder be substituted for one of a square 
headed form, the back part of the post being taken off to 
receive the round head, the water line becomes imme¬ 
diately shortened, and the tonnage, as a necessary con¬ 
sequence, diminished. 

(395.) It has been observed, also, that by omitting 
the draught of water in the rule, the practice of increasing 
the depth has become general, by which means vessels 
arc capable of carrying a greater burthen without in¬ 
creasing the tonnage ;* nor is this the only defect, a far 
greater one existing by omitting to take the form of 
the vessel into consideration. This error in the 
ruic operates to such an extent at the present time, 
as to make the register tonnage of merchant vessels 


breadth of the ship, ami at the time of the formation of the rule, 
the same relation probably existed in merchant ships. If, there- 

fore, — be substituted for D, the preceding expression will become 


I. X — X .62 


35 


and as the weight of the hull, stores. Sic., wras generally about two- 
tifths of the wlu'lu weight, leaving three-fifths Tor the weight of the 
cargo, we shall further obtain 


35 * 5 ~ «J4 


for the burthen in tons, which is the.comraon rule. 

* It is a curious fact, that a ship, which, in the poet of London, 
was put into dock for the purpose of being raised upon, so as to 
increase the capacity of stowage, before going into dock, admea¬ 
sured more than after the Arid Aren railed upon, although by the 
alteration she acquired the capacity of carrying nearly 100 inns 
more than she could have done previously to such alteration. On 
re-survey, she measured leu when she came out of dock, than under 
her old register, although 1U0 tons larger. The ship in being 
raised upon was rather narrowed in her width the consequence 
of which was, that the increased depth of hold not being included 
in the calculation of her tonnage, she became less in tonnage by 
admeasurement to what she was at the time of the original register 
being granted. Edinburgh Review, No, 90. p. 456, 


amount generally to two-thirds only their absolute Naval Ar- 
burden. This excess of the absolute burden above chite cture. 
the register tonnage, results entirely from the form, and - " * 
is found to vary in almost every vessel, even where the 
principal dimensions arc the same; and as the present 
rule for tonnage is entirely independent of the form of 
the vessel, the excess is entirely exempt from dues. 

Should the dues be laid on the apparent tonnage, with 
reference to this excess, the objection will not he re¬ 
moved, since the excess is not constant. The register 
tonnage of men of war is considerably greater than their 
absolute burden. 

(396.) These, and similar methods, open a boundless How ill- 
scope for evasion and fraud, according to the peculiar rule may- 
views of the builder or owner of the ship. This is, at be evi “ :u ‘ 1 ‘ 
once, a sufficient reason why the rule should be im¬ 
proved ; for where can be the wisdom of that legisla¬ 
tion which opens a dour to dissimulation and deceit in 
any form ? 

(397.) Different nations employ different rules for Moth ml 
the admeasurement of tonnage. The French add the employed 
length of the deck takcu between the rabbets to that of ’’ J ' ,h ® h 
the straight line of the keel, anil take half their sum. rKnc '' 
This quantity is multiplied by the greatest breadth at the 
midship beam, and thal product by the depth of hold and 
height between tile lower and upper decks, the whole 
product being divided by 94. If the vessel has only 
one deck, the greatest length of the vessel is multiplied 
by the greatest breadth in midships, and that product by 
the greatest height, the whole being divided by 94. 

Tliis rule is simple, but very erroneous. A certain 
depth of the vessel is taken as a third dimension, but it 
is altogether independent of the immersion produced by 
the lading, viz. the depth from the loud to the light 
water line, and which is most essential to be considered. 

This depth, it is evident, may vary very considerably in 
two vessels whose ladings are the same. One may be 
much deeper than the other, from a greater rise of floor, 
the total displacements of the two vessels remaining the 
same; and this depth may also vary from the decks 
being placed at different heights in the two vessels. 

The different forms of body are also totally neglected in 
tiiis method of measurement. 

(398.) The Chinese take only two dimensions lor Method of 
finding the tonnage of ships, the length from the centre *'>e Chi¬ 
ef the oiizen mast to the centre of the foremast, and the nose - 
extreme breadth close behind the main mast. These 
dimensions are multiplied together, und the result divided 
by 10 gives the tonnage. This method of measuring 
shipping for the purpose of charging duty is very favour¬ 
able to large ships. 

(399.) For measuring the tonnage of merchant ships Method of 
in tlie United States of America, the 64th section of an the Amo- 
Act of Congress, approved Maruh 2, 1799, declared, ncallJ- 
“ That to ascertain the tonnage of any ship or vessel, 
the surveyor, or such other person as may be appointed 
by the collector of the district to measure the same, shall, if 
the said ship or vessel be double-decked, take the length 
thereof from the fore part of the main stem, to the after 
part of the stern post, above the upper deck, the breadth 
thereof at the broadest part above the main wales, half 
of which breadth shall be accounted the depth of such 
vessel; and shall then deduct from the length tbree-fiflhs 
of tlie breadth, multiply the remainder by the breadth, 
and the product by the depth, and shall divide this last 
product by 95, the quotient whereof shall be deemed 
the true contents or tonnage of such ship or vessel. 
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Naval At- And if such ship or vessel be single-decked, the said 

chitecture. surveyor, or other person, shall take the length and 
breadth as above directed, in respect to a double-decked 
ship or vessel; shall deduct from the said length three- 
fifths of the breadth, and taking the depth from the 
under side of the deck-plank to the ceiling in the hold, 
shall multiply and divide as aforesaid; and the quo¬ 
tient shall be deemed the tonnage of such ship or vessel.” 

(400.) These rules appear to have been derived from 
the English and French rules: the first, for double¬ 
decked vessels, being nearly the same as the English, 
and the latter, for single-decked vessels, being nearly 
the same as the French. They respectively possess the 
inaccuracies of each, with the additional error of being 
inconsistent with each other. 

SvmUsh (401.) In 1778 the Swedish government adopted 
the following rule: 

“ 1. All mensuration is to be done by the Swedish 
foot, and the vessel's burden is to be marked down in 
lasts, each to be considered in weight equal to 18 skep- 
pund, iron weight, or eighteen times 320 pounds Swedish. 

2. The vessel’s length is to be measured on the highest 
water line, when loaded, from the fore part of the rabbet 
of the stem to the afl part of the rabbet of the stern post. 

3. The ship’s breadth is to be measured in midships 
without board, close up to the main wale. 4. The 
height is to be measured from the surface of the water 
without board, up to that mark which determines how 
deeply the vessel will swim when completely loaded. 

5. These three admeasurements are to be multiplied 
together, and the product divided by 112, should the 
vessel be of the usual shape, and neither too full nor too 
sharp at the stem and stern. If the vessel is sharper, the 
divisor must then be greater, and if fuller a little less, as 
pointed out to the measurer in the separate instructions. 

6. If the necessary provision, water, wood, and uten¬ 
sils for the voyage be not on board when the ship is 
measured, and which weight does not actually belong to 
the burden the vessel is measured to carry, it is then 
necessary to deduct from the calculated burden of lasts 
as followson a vessel of 350 lasts is allowed 11 lasts 
deduction; (corresponding deductions are given for 
vessels decreasing in burden from 350 to 40 lasts;) and 
so on in proportion, in such vessels as are not coinci¬ 
dent with the above denomination. But should any of 
the articles mentioned be on board, the deduction will 
be less in proportion. 7. Should one or more of the 
necessary cables not be on board when the vessel is 
measured, the following deductions are to be made: for 
an 18-inch cable 25 skeppund, iron weight. (The 
deductions for smaller cables, down to a four-inch cable, 
are specified.) 8. Should one or more anchors be 
wanting, their weight is to be deducted in proportion to 
the vessel’s size. 9. If the vessel’s sails are not on 
board, the deduction from its number of lasts is to be as 
follows: on a vessel of 350 lasts, 14 skeppund, iron 
weight. (Corresponding deductions for the sails of 
smaller vessels, down to those of 40 lasts, are given.) 
And less in proportion when fewer sails are wanting. 
10. If the vessel is built to carry gunB constantly, and 
that none, or part of them only, are ou board, a deduc¬ 
tion for cannon, carnages, gun-tackling, &c. is to be 
made as follows: for a 12-pounder, with its requisites, 
13 skeppund, iron weight (with corresponding deduc¬ 
tions for smaller guns.) 11. Should the vessel, when 
measured, have its ballast on board, then that weight 
must be ascertained, and added to the number of lasts 
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found; but it is best to measure the vessel before it is Naval Ar. 
ballasted, if convenient. 12. The ship's measurer hav- chitecture. 

ing duly considered the foregoing circumstances, and in - v- 

consequence thereof ascertained the vessel’s proper ton¬ 
nage to a certain depth, fore and aft, when loaded, he is 
then to make an entry of the foregoing in the book of 
admeasurements given him for tiiat purpose, which 
book is run through and sealed with the seals of the 
Court of Aldermen and Custom House: he is also to 
enter the number of lasts requisite to immerse the ves¬ 
sel, progressively, from one foot at the beginning of the 
loading till when completed, and also to set down how 
deep she lies fore and aft when unloaded. He. it> to de¬ 
liver copies of the same, with specific calculations, ad¬ 
measurements, and deductions of all this, to the Court 
of Aldermen and Board of Customs, within two days 
after measured, that the same may be examined and 
sanctioned. 13. Should there be any thing to be ob¬ 
served by the parties, the same must be made known at 
the respective places, within eight days nfter the delivery, 
at the expiration of which time the ship's register will 
be made out, and the approved calculation of the mea¬ 
surer annexed to the same, and to be kept on boanl as 
the ship's inventory. The same is to be entered, with 
all the calculations, in bound paged books, and alpha 
bets thereunto annexed, in the Court of Aldermen and at 
the Custom House. 14. Whereas vessels, when old, and 
soaked through by the water, cannot carry so much os 
when new, it is therefore requisite to measure the vessel 
every tenth year, iu like manner as expressed in the 
twelfth section." 

(402.) In the instructions alluded to in the fifth sec- 
tion, vessels are supposed to be divided into seven 
classes, according to their fulness or sharpness; and c ” ' 
corresponding divisors are given, obtained by calcula¬ 
tions from different vessels. These divisors vary for the 
whole depth immersed by the lading, from 104 for the 
fullest, to 122 for the sharpest vessel; and the divisors 
to be used near the load water line vary from 98 to 104, 
and near the light water line, or discharging line, from 
108 to 133. 

(403.) Mr. Morgan remarks on this rule, that it is 
strictly correct in principle, and that the only error which 
can arise in practice, is in the divisor being left to the 
determination of the measurer. A skilful measurer, 
after great practice, will be able to determine the divisor 
with ease and certainty. 

(404.) Mr. Parkin has given two rules for calculating Rules of 
the tonnage of ships, published in The Shipwright’s Mr ' 1>arl<m ' 
VadeMecum: one for ships of the Royal Navy, and 
the other for merchant ships. The following is his rule 
for merchant ships:—1. “ Find the length of the lower 
deck, from the rabbet of the stem to the rabbet of 
the stern post, and take $4 of this length for the 
keel for tonnage. 2. To the extreme breadth add 
the length of the lower deck, and take ^ of this sum 
for the depth for tonnage. 3. Set up this depth from 
the limber stroke, and at that height take a breadth 
also from out to out of the plauk at dead fiat. Take 
two more breadths, one at two-thirds, and the oilier at 
one-third of the height. Add the extreme breadth and 
these three breadths together, and take one-fourth of 
the sum for the breadth for tonnage. 4. Multiply the 
length, depth, and breadth for tonnage continually 
together, and divide the resulting product by 38jj, 
which will give the burden in tons.” This rule seems 
to make a little approach towards the true measure- 
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Naval Ar- ment of tonnage, but it is not founded on correct prin- 
chitecture. cipies. 

(405.) In 1792 Chapman furnished two rules on this 
Chapman’s important subject. The first was an approximate rule, 
lu ea relating to the payment tor the building of ships. “ The 
cost of a ship, 1 ’ he says, “ is nearly in proportion to its 
outer surface multiplied by the thickness of its sides; 
but as this thickness may be considered in proportion to 
one of the dimensions, so it may be judged that the pro¬ 
duct of the length, breadth, and depth gives the propor¬ 
tional costs. A difficulty, nevertheless, attonds this, 
because the length and breadth can be precisely fixed, 
but the height or depth cannot. For instance, if the 
depthrn the hold be used as the third dimension, it may 
happen, in consequence of the cargo which the vessel is 
to carry, that the lower deck has been laid a foot higher 
or lower, although its length, breadth, mid the whole of 
the height remain the same; the expense of building, as 
also the burden, remain the same; but the difference of 
the height of the deck increases or decreases the product, 
and consequently the cost in proportion. The same 
thing takes place with regard to the upper deck. Should 
the height of the vessel from the keelson to the gunwale 
be taken as the third dimension, it will be found to vary 
just as much as the former. For example, the gunwale 
might lie made halfafootora footless in height, and this 
quantity added to the gunwale after the ship is built, 
which of course would make it cost less than if that 
height was included in the calculation. If that part of 
a ship which is immersed when loaded should he taken 
as the third dimension, the question to be considered 
would he how high the water line stands marked on the 
draught up to which the ship ought to be loaded, which 
might also be higher or lower. It is, therefore, lietter to 
institute a rule which, ulthough not totally exact, is still 
not subject to disputes or confusion. 

“ I therefore propose,” says Chapman, “ that the ship’s 
height or depth should be taken so as to bear a propor¬ 
tion to two dimensions, namely, as the square root of 
the product of the length and breadth. If now the 
length aud breadth be expressed by L and B, then must 

the depth bear a certain relation to LB|^, without re¬ 
garding bow great that quantity may be. This multi¬ 
plied by the length and breadth, the number of tons 


_ .f 

will be proportional to LB]-. This expression repre¬ 
sents the solidity, and in which two of the principal 
dimensions are equally involved. To apply it to the 
determination of a ship’s burden, it will be necessary to 
find what proportion the breadth bears to the length, 
agreeably to the old method of determining the tonnage 
when Hie contract has becit equally beneficial. Suppose 
the breudth to have been iVc of the length, or the length 
to be 100 feet when the breadth is26j feet. According 
to the old method, 


(,00 -gx 26 . 5 ) 


26.5= 


94 


= 301.78 tons; 


whence 


(100 x 26.5)^ on . . ... 

-— as SOI .78, and * ss 452. 

x 

Heme the tonnage of a ship ought always to be ex- 

.. LBl*„ 

pressed by — . 


This divisor, 452, is subject to alteration according to Naval Ar- 
circumstances. chitecture. 

(406 ) Chapman’s other rule is for the correct deter- v »y—» 
mination of the weight of the lading a ship carries. 

This rule is similar to that given by the Swedish Go¬ 
vernment, except that the divisors are adapted to the 
English ton, instead of the Swedish skippund. He 
gives a table for ten classes of vessels according to the 
fulness or sharpness of their bodies, in which the divisors 
vary from 39 in the fullest, to 48 in the sharpest vessel. 

He takes the extreme length on the load water line L, 
the extreme breadth just below the main wale B, and 
the mean depth between the light and load water fines. 

The product of these three dimensions, divided by D, 
the variable divisor in his table, gives the lading in tons. 

(407.) A rule ior the measurement of tonnage has Another 
been given which approximates nearly to the true weight rule, 
of lading, by multiplying together the length of the 
load water line between the fore part of the rabbet of the 
stem and the after part of the rabbet of the stern post, 
the greatest breadth, and the mean depth between the 
light and load water lines; taking three-fourths of the 
product, and dividing by 35. To this sum is added an 
allowance in proportion to the fulness of different bo¬ 
dies, determined by actual measurement. 

('108.) In the Shipwrights' Repository the error of Another 
the rule commonly employed is clearly explained, and ( “* ,,n, P le of 
the true tonnage shown to be the difference between the |Jj“ 0 
total weight of the ship to the load water line, und the rule, 
weight of the hull and furniture. The author lias given 
several examples of the tonnage of ships: the following 
is tiie result of his calculations of the tonnage of an 
80-gun ship: 

Tons. lbs. 

Weight of the ship at her launching 
draught of water . 1593 406 

Weight of the furniture. 195 720 


Weight of the ship at her light water 

mark. 

1788 

1126 

Weight of the ship at her load water 

mark. 

8554 

356 

From which deduct the weight at 

light water mark. 

1788 

1126 

Real burden .. 

1765 

1470 

Burden in tons by common rule ... 

1959 

029 

Real burden ... 

1785 

1470 

Error.... 

193 

1699 


(409.) The real burden of this ship is therefore 193 
tons less thun her computed tonnage. In au East 
Indiaman, his result shows that the real burden was 
178 tons more than her computed tonnage. In other 
examples the differences are still.greater. 

(410.) Chapman, Clairbois, Atwood, and latterly Mr. 

Parsons, have calculated and drawn scales of tonnage for 
particular ships. The latter has made the calculations 
and drawn the scales of tonnage, for most of the classes 
of ships of his Majesty’s Navy, and for twenty-one 
classes of vessels of the British mercantile Navy. 

(411.) Mr. Parsons’s scales of tonnage are drawn for Mr. Par- 
all these vessels from the keel to the gunwale. Each sum’s la- 
vessel is divided into fore and after bodies, by a vertical ' , °. ,,rs 
line proceeding from the middle of the length of the thl9Sub J ect - 
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At- load water line, between the fore side of the rabbet of 

f 1 ‘ the stem and the aft side of the rabbet of the sternpost; 

a °d o separate line of tonnage is drawn for each body. 

tonnage. The solid content of the body in cubic feet, at different 
heights, is calculated by sections parallel to the keel, 
which being divided by 35, the number of cubic feet of 
sear water in a ton, gives the weight of water which 
would be displaced at those heights. By setting off 
from a vertical line, on lines parallel to the keel, these 
results by a scale of tons, spots are obtained, through 
which the line of tonnage may be drawn. By setting 
np, moreover, any height on the vertical scale of feet, 
and drawing a horizontal line at that height, it will re* 
present the weight of the corresponding displacement, 
and which is found by transferring it to a scale of tons 
laced horizontally over the figure. By taking, also, the 
eights of the light and load water lines of any vessel, 
and transferring them in this manner to the scales of 
tonnage, their difference will give the weight of the 
displacement between the light and load water lines, 
or the true weight of lading. The mean depths are 
taken for each body separately, and the sum of the two 
parts thus found gives the total tonnage. 

(412.) By these lines of tonnage may be ascertained 
the weight put on board, or taken out of a vessel at any 
time, by observing the different draughts of water, and 
measuring the tonnage or weights corresponding to 
them. The difference of these weights will be the quan¬ 
tity put into or taken out of the vessel. For example, 
in u cutter of 160 tons, when ready for sea with all her 
stores, the draught of water is 8 feet 9 inches forward, 
and 13 feet 6 inches uft, the mean being 11 feet lj 
inches. The mean depth, also, for the after body is 
12 feet inches, giving 93 tons for its weight. The 
mean depth for the fore body is 9 feet llj inches, giving 
83 tons for the weight of that body, making the whole 
displacement 176 tons. The weight of the hull when 
launched having been 82 tons, the difference on the 
weight put on board must be 94 tons. 

(413.) This method of taking the mean depth in each 
body, though most correct, will seldom*be necessary, 
because if the mean depth of the extremities be used 
alone fur each body, it will give nearly the same result. 
The tonnage is then measured by taking the mean 
depths of each body separately, and Ihe difference of the 
results of the two methods is found to be only one ton. 
In vessels having a less difference of draught of water, 
the error is proportionally less. On this account, the 
mean depths of the load aud light draughts of water 
are used in the scales of tonnage, which supposes the 
vessel to swim on an eveu keel, ut the mean draught 
of water in each case. 

Kcrauks. (414.) In considering the practical benefit of the 
scales of tonnage, observes Mr. Morgan, it is necessary 
to examine the difficulties which would atteud their ap¬ 
plication. This method of measuring the tonnage of 
ships is strictly correct, assuming the light and load 
draughts of water to be known; but it is in the practical 
determination of these lines that the difficulty exists. 
Mr. Parsons has assumed the launching draught of 
water as the light draught; and this is the easiest me¬ 
thod, but not die most correct. Tlie tonnage should 
express the lading which can be put into a ship, when 
every necessary article of furniture and stores is on 
board, in order to bring her down to its load draught of 
water. The two Swedish methods given above re¬ 
moves this difficulty, by taking the light draught of 
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water, when every thing is on board except the Naval Ar- 
lading; an established allowance being made (or every chitecture. 
article not on board at the time. This method may w.v- 
be attended with trouble, in obtaining tiie weights 
of the different furniture aud stores; but it is the 
only mode of determining the correct light draught 
of water, which is the first element necessary in mea¬ 
suring a ship’s tonnage. The next difficulty, and by far 
the greatest, is the determination of the load draught of 
water. Two methods suggest themselves ol'accomplish¬ 
ing it. It may be determined by officers appointed for 
the purpose, the moment a ship is built, and the result 
inserted in the register, by which draught of water the 
tonnage may be measured. The objections to this 
method are, the liability of the load draught of water 
being incorrectly determined either by fraud or igno¬ 
rance, and afterwards requiring alteration; aud the. 
opportunity it affords the owner of taking on board, at 
his own risk, a greater lading than that for which his 
ship was registered. Experience may, however, render 
the officers capable of ascertaining the load draught of 
water with considerable accuracy, and fines may deter 
tiie owner from incurring the risk of loading ids ship 
deeper tiian it was constructed to swim with safety. 

Another method ol' obviating the difficulty, is by a 
ship's always paying duty on the quantity of lading on 
board; so that the measurement of tonnage may be 
taken at the actual draught of water at which the ship 
swims when it comes into port. This would render the 
load water line at first determined little more than nomi¬ 
nal : it would allow a vessel's being spoken of as having 
a nominal tonnage, producing no error in (he measure¬ 
ment of the real tonnage on board. Either method will 
render these scales of tonnage applicable to general use; 
but the latter may be preferred, because it brings the 
correct principle of measuring the true lading fully into 
practice. 

(415.) It is probable that tables of tonnage may be 
preferred by many to scales of tonnage; but as their 
principle and use would be the same, the preference is 
indifferent. It may, also, be observed, that if the whole 
displacement were represented by one scale, instead of 
being divided into two parts for the fore and after 
bodies, the use of these scales would be more simple in 
their implication to the tonnage of ships, although less 
useful for general purposes of design. 

(416.) Sir. Parsons has applied scales of the exterior 
surfaces founded on the dimensions, scantlings, &c. of 
ships to the determination of their churgcs tor build¬ 
ing. Any surface of this kind multiplied by the mean 
thickness of the ship's side, would give a tolerably cor¬ 
rect measurement of the quantity of materials. As the 
expense of building vessels must be in proportion to their 
outside surfaces, these lines will be a much better criterion 
for estimating the expense than the register tonnage. 

(417.) Fig. 10. pi. ii. is an example of Mr. Parsons’s Kx«m|>!u of 
mode of finding the tonnage of a brig of 170 tons, re- Mr. re¬ 
gister tonnage. Suppose this vessel to have every thing s0,1! ’ 
on board except the cargo, and her draught of water 
to be six feet at the stem and sternpost, or on an even 
keel. Set this distance up from the base line, or lower 
side of the false keel, and draw the line A 12 parallel to 
the base, intersecting the line of tonnage 1 (or the after 
body in B. Then will the distance AB applied to 
the scale, measure 46 tons, the weight of the after 
body. The same line intersects the .line of tonnage 
2 for the fore body in C, giving for AC 64 tons, the 
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NmvuI Ar- we igj,t of the fore body. The whole weight of the 
c ‘? e ? UK ‘. vessel with every thing on board, excepting the cargo, is 
therefore 110 tons. Suppose now the cargo to hie put 
on board, and the draught of water 12 feet at the stem 
and stern post. At 12 feet from the base draw Dll, 
which will give for the corresponding weight of the after 
body 157 tons, and for the fore body 103 tons, giving 
for the whole weight 350 tons. The weight before the 
cargo was put on board having been 110 tons, the weight 
of the cargo itself must be 240 tons. When there is a 
considerable difference m the draught of water at the 
stem and sterupost, Mr. Parsons recommends the me¬ 
dium depth to be taken for each body, instead of the 
depth in the middle of the vessel. 

Other pro- (4 IS.) The other lines in the figure have some useful 

tho'fT'uro propert'®* 1 - That marked 8, for example, denotes the 
k u whole area of the horizontal sections in square feel of the 
after body, and that marked 4 in the same manner for the 
fore body. The line denoted by 5 represents the whole 
exterior surface of one side of the vessel, in square feet, 
of the after body, and the line 6 of the fore body. The 
line 7 is for the whole area of the vertical sections, as 
high as the load water sections, in square feet, of the 
after body, and tile line 8 for the fore body. 00 gives 
the situation and form of the principal transverse sec¬ 
tion ; 9,9 the situation and form of the section in the 
after body, whose area is equal to two-thirds the area of 
the principal section, and 10, 10 in the fore body. 11 
and 12 represent the load and light water lines. An 
analytical investigation of the properties of these sin¬ 
gular curves would be likely to lead to some useful and 
important results. 

Present (419.) The facility which the ordinary rules for find- 
raten'»inst '"n d> e tonnage allbrds for the evasion of dues is not 
improve- the only evil attending it. It unfortunately operates 
ment of against any improvement in our mercantile marine, 
mercantile Great capacity with small dimensions is now the pri- 
murinc. mary object of consideration; and this is too often ob¬ 
tained by sacrificing expedition and safety. If the ton¬ 
nage gave a true, measure of the capacity of the ship, 
there would lie no cause why the mercantile Navy 
should not equal, or indeed excel, the military in every 
quality of safety and velocity; whereas it is a well- 
known fact, that the British merchant shipping is infe¬ 
rior to that of almost every trading Country in the. 
World. 

Labours of (420.) Attempts have not been wanting to improve 
Society for t| )esu imperfect inodes of determining the tonnage, but 
meat of" hitherto without success. In 1791 the Society for the Im- 
NavalAr- provement of Naval Architecture ottered a premium of 
chitecture. twenty guineas, and a silver medal, for the most ready 
and accurate method, by approximation or otherwise, 
for determining the tonnage of vessels and ships of 
every description, from an admeasurement of all the 
principal dimensions. The two rules of Chapman, be¬ 
fore adverted to, were given in consequence of this in¬ 
vitation. 

Reportofa (421.) On the 24th of May 1821, a Report of a 
Committeo Committee consisting of several distinguished Members, 
in 1821. was delivered to the Admiralty, and in 1832 another 
» n'intsl Committee was formed with the view of improving the 
hi 1832 ? subject. Of the various plans that have been submitted 
to them, it has been said some are too laborious and 
complicated for general practice, and others entirely 
erroneous. Mr. Parsons’s Tables seem to form a dis¬ 
tinguished feature among these investigations. In a 
communication made from the Board of Trade to Mr, 


Lushington, at the time that gentleman was one of the Naval Ar- 
Secretaries of the Treasury, it was urged, that if any chitecture. 
new method should augment the tonnage duty, the pro- 
prietors should not be subject to additional burthens. It 
is singular that among the many minds occupied with 
this useful and important practical question, no one has 
yet been able to devise a short, accurate, and convenient 
rule. The object in all these attempts should be, not so 
much to diminish the present error, as to abolish it en¬ 
tirely. Simplicity is most desirable, but considering the 
varied forms that ships’ bodies put on, it should not be 
obtained by a sacrifice of principle. We confess we look 
to the scale of tonnage as one of the great means by 
which this useful end will be accomplished.* 

Srpphtgis's Rules for building and rebuilding Ships of 

the Line, Fifty-gun Ships on two Decks, and Fri¬ 
gates. 

(422.) Accurate and precise rules for the practical So ri> ill t! K '“ 
operations of ship-building are of the greatest import- 
ance to the successful prosecution of the Art. In vain JhqiVof iha 
might the most perfect theories, did We possess them, line, &c. 
devise forms possessing stability, stowage, and velocity, 
if, when the fabric is to be reared on the slip, weak and 
inefficient combinations of timber are to be employed in 
its formation. A knowledge of scientific carpentry—of 
the best modes of combining timber, so as to unite a 
maximum of strength with a minimum of material— 
is possessed but by very few Naval Architects. Thou¬ 
sands of loads of timber were annually consumed in 
ship-building, yet, before the time of Seppings, where 
were the successful instances to be met with of timbers 
exerting all their power, and disposed according to 
principles which the eye of Science delights to con¬ 
template ? The praise of Seppings is, that he accom¬ 
plished all this and more for Naval Architecture; and 
that he imparted to our great and splendid marine a 
degree of mechanical strength it never possessed before. 

(423.) In the common disposition, all the timbers are 
to be framed together in bends, (except the short timbers 
over the ports,) each scarf to be bolted with three bolts mun diqm? 
of 1^ inch diameter for ships of the line, and one inch tion. 
for 50-gun ships and frigates. The first futtocks also 
to be bolted to their respective floors, with three bolts in 
each scarf of 1^ inch diameter for ships of the line, and 
1J inch for 50-gun ships and frigates. The filling 
frames under the ports to be so opened as to divide the 
space equally. 

(424.) The greatest attention must be paid that the 
lips of the chocks at the heads and heels of the timbers 
be at least three inches in thickness, for ships of the 
line, and not less than 2$ inches for 50-guu ships and 
frigates, and that the ubutments for the lips be cut on 
the timbers as near to a square as the faying of the 
chock will admit. 

(425.) The chocks are to be roughly trimmed with a 
sufficiency of overcast, and placed with their faying 
sides outwards in their respective situations, in which 
stute they are to remain during the seasoning of the 
frame. Each range of chocks is to be placed on a 
small fore and aft riband, which is to be kept from 
coming in contact with the timbers by fitting a piece of 


* Since this was written the Committee has published a short Paper 
on the methods at present in use for measuring tonnage. It in iy 
he seen in the United Service Journal for June 1834. 
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Naval Ar- batten for every nail to puss through. Such chocks as 
chitecture. may be converted from free grown timber, and are 
' l— '"v*"' therefore liable to split in the course of seasoning, are to 
have a small treenail driven in a direction from a right 
angle about uine inches from each end. 

(426.) When the chocks ure refayed and replaced 
after seasoning, the faying parts of both chocks and 
timbers are to be well fayed with oil and tar. 

(427.) The heads and heels of the timbers are to be 
scarfed where so directed on the disposition of the frame, 
but the heads and heels of all other timbers, where the con¬ 
version wilt admit, are to be wrought square, painted at 
each end with white lead, and put together with a cir¬ 
cular coak in each joint, of a diameter about one-third 
of the siding of the respective timbers. In the event 
of the timber being partially shifted so as not to 
admit of introducing the coak, a bill is to be substi¬ 
tuted, which is to be formed on the lower timber to pre¬ 
vent a lodgement of water; such timbers as cannot 
be procured with square heads and heels are to be 
scarfed. 

(426.) All the timbers are to be framed together in 
bends, and to be bolted with two bolts in each scarf 
of 1| inch diameter for ships of the line, and one inch 
for 50-gun ships and frigates, and the lower scarfs 
with bolts of lj- inch for ships of the line, and I ff inch 
for 50-gun ships and frigates. 

(429.) The under side of the wing transom to lie 
sided straight and laid at a right angle with the rabbet 
of the post, and to be sided as much as the piece will 
admit. If the store will not supply a piece of timber of 
sufficient dimensions to make (he wing transom for a 
large ship, it may be formed with four pieces. No 
transoms are to be introduced below the wing transom, 
but that part of the ship’s frame is to be formed with 
timbers as described in the drawings. Ships built on 
this principle are to be single fastened throughout. 

(430.) That the openings may be kept as clear as 
possible during the seasoning of the frame, the timbers 
are to be separated with wedges driven alternately, 
which are to be taken out as soon as the frames are put 
together; but in such cases where it may be absolutely 
necessary to introduce chocks in the usual manner, 
they are to tie split out when the bolts shall have been 
driveu. 

0 ;iemn£s (431.) The openings between the frames are to be 
between the filled in and calked within and without board, from 
timbers of t j le keel t 0 within four inches of the lower stroke under 
the orlop clamps for ships of the line and 50-guu ships, 
and to within the same distance of the stroke on the 
ends of the orlop beams in frigates. Care is to be 
taken that the outer edge of the upper filling lie rather 
above a level, by which means should any water pass 
between the timbers, it will be conveyed into the hold of 
the ship. Openings more than three inches are to be 
filled in with slab plank free from sap wood, or with 
sound old oak timber, with the grain in the same direc¬ 
tion as that of the frame timbers, which fillings are to 
be so trimmed as to admit of wedge fillings on one 
side. Openings less than three inches are to be filled in 
with wedge fillings, driven in alternately from within 
and without side, and square with the curve of the body. 
The filling in is to be executed as the planking of the 
bottom is carried down, and as the ribands and harpins 
are removed. 

(432.) All the fillings are to be provided as early 
as possible from oifal and slab timber, free from sap. 


or sound old oak, and when trimmed, arc, with Naval Ar. 
the sides of the frame, to be well payed with oil ehitectuic. 
and tar. ‘ - 

(433.) The inside of the ship, below the orlop clamps, DubbingolF 
need not be dubbed off with that strict attention as if it the inside uf 
were to be planked over, but to be made moderately tllv { ™ m «- 
fair, removing the projecting parts so as to prevent the 
lodgement of dirt. 

(434.) The heads of the stem and stem posts and 
timbers under the ports must be well saturated with oil 
and tar during the seasoning of the ship, which may be 
done by making the heads of the timbers concave, and 
boring holes therein; the holes are to be plugged up, 
and the timbers cut fair and painted with white lead 
before the port cills are let in 

(435.) Great care is to be taken that no sap be suf¬ 
fered to remain on any part of the frame, and that no 
piece be put in to make good the deficiency occasioned 
by its removal from the edges of the timbers until the 
fillings, &c., shall have been calked. 

(436.) One joint of the fillings in each opening be- Calking 
tween the timbers of the frame, and also the joints of the the frame, 
frames in wake of the said fillings, are to be well raimed 
and calked both within and without board. 

(437.) Great care is also to be taken that the oakum 
which may be driven from one side be brought into 
close contact with that driven from tlie other side, so 
that on no account whatever is any space to be left 
between the two calkings. 'When the raiming and 
calking as already directed shall have been performed, 
ull the remaining joints of the fillings, butts of chocks, 
butts of timbers, &c. are to be chinced. 

(438.) In fig. 1. pi. v. the method of filling in the 
openings between the timbers, &c. may be seen, and to 
which the following references may be mnde. A, u 
close joint; B, an opening of less than three inches; 

C, an opening of more than three inches; D, D, D, 
wedge fillings, the grain being in and out ; E, a common 
filling, the grain being up and. down; F,F, F, F, F,F, 
joints which are to be raiined and calked. 

(439.) The fillings in wake of the chain holts are to 
be as few as possible, their moulding to be two inches 
less than the frame, thereby leaving one inch for air to 
pass between them and the inner and outer planking. 

They are to be raimed and calked within and without; 
and should any fillings be required in the wake of the 
knees, or any other place above the general filling in, 
the same mode is to be followed. 

(440.) No projection is to be left at the upper edge Projections 
of the channel wales, but at the upper and lower edges to ho ilis- 
of the sheer stroke projections are to be permitted as 
usual. No projection whatever is to be allowed with- * (1 , 
out board aforo the second lower deck port from for- bows, Ac.’ 
ward, and to obviate the additional weight that would 
arise in consequence, the main wales, &c., arc to be 
thinned at the fore end one-third of their respective 
thickness, and to begin to taper oif about ten feet from 
the fore end. To render the port lids (where the pro¬ 
jections are omitted) as light as they otherwise would 
have been, the stops are to be cut out of the plunk 
without going home to the port timbers; to ac¬ 
complish which, the short stuff between the ports 
must of course be worked fair with the sides of the por‘ 
timbers. 

(441.) The main wales, black stroke, and four upper Coakin^ 
strokes of diminishing stuff, the middle and channel the main 
wales and sheei strokes, are to be coaked to the timbers wales. 
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Naval Ar- of the frame with reference to every butt as described 

chiteetuns. in fig. 2. 

(442.) The clamps and spirketing are also to be 
clamp., &c. C oahed to the timbers of the frame in a similar manner 
tliuliile* to l ^ e Wi ^ e8 > & c " and the clamps are to be bolted with 
up and down bolts agreeably to fig. 3. 

(443.) Where only one strake of spirketing is 
wrought, both butts are to be coakcd to the timbers 
nearest their ends. 

(444.) The main wales, sheer strokes, spirketing, 
and clamps, are to be coaked and bolted as directed for 
ships of the line. 

(445.) The timbers of the frame are to be single 
bored only, in wake of the water way, shelf pieces, and 
such other parts where fastenings driven for the security 
of the inside work are generally diffused; also the bot¬ 
tom of the ship where the inside planking is omitted, 
viz. from the lower edge of the plank next under the 
orlop clamps to the limber strake. 

(446.) The general diffusion of metal fastenings in¬ 
troduced with the new system, together with the bolts 
for bringing to the plauk, will more than compensate 
for the treenails left out. 

(447.) Ships built upon the small timber system are 
to be single fastened throughout. 

(448.) To have two strokes of orlop clamps on each 
side wrought top and butt, both eight inches thick, 
with two strokes on each side wrought under them, 
tiu-w decks. U pp er s trake tube six inches thick, and the lower 
strake four inches thick, which may also be wrought top 
and butt. 

(449.) Two strokes of seven inches thick wrought 
top and butt, with one of six inches, and one of four 
inches thick, wrought also top and butt under them. 

(450.) Should there be any difficulty in procuring 
the middle shift of diagonal timbers for ships of the line, 
another strake (or two if required) of three inches thick, 
may be wrought in midahipa below the strake of four 
inches. Care is to be taken that it be not worked so 
low as not to give a five feet scarf to the middle rider 
from the upper part of the longitudinal piece at the first 
futtook heads. 

(451.) Two strokes of six inches thick, wrought top 
and butt, and one strake of four inches thick wrought 
under them. 

(452.) No plauk or thick stuff whatever is to be 
wrought below the said strokes except one limber strake 
on each side, eight iuches thick for ships of three decks, 
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ships of the seven inches thick for 80 and 74-gun ships, and six 
50 ° "a* inches thick for 50-gun ships, and to be coaked to the 
ships! 11 cross chocks only, with circular coaks, of 44 inches dia¬ 
meter. 

(453.) No plank or thick stuff is to be wrought in 
this class of ships below the strake on the ends of the 
orlop beams, except one limber strake on each side of 
six inches thickness, which is to be coaked to the cross 
chocks only, with circular coaks of four inches dia¬ 
meter. 

(454.) In the wake of the main mast an additional 
keelson is to be placed on each side, at such a distance 
from the common keelson that the ends of the step may 
rest upon it, to support the great pressure of that mast. 
The additional and regular keelsons to be coaked to 
the cross chocks only, instead of being faced down as 
heretofore. 

(455.) To be of the same dimensions as the common 
keelson, aud in length for ships of the line about 
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twenty-eight feet, and for 50-gun ships and frigates Naval Ar- 
about twenty-four feet. chitectuw. 

(456.) Instead of thick stuff, plank, riders, &c., a 1 
trussed frame is to be introduced, the various parts of 
which (particularly the longitudinal pieces and trusses) ,rame ‘ 
are to be procured if possible from old ship timber, viz. 
the sound parts of old floors, first futtocks, &c. Should 
any sound old timber in a very dry state be made use of, 
it should be saturated with oil and painted with white 
lead to prevent an absorptiou of moisture. 

(457.) The diagonal timbers for ships of three decks, Trusted 
the upper and lower ones to be fourteen inches sided in f ™ me 
midships, and the middle ones fifteen inches; and for * 

two-decked ships the upper aud lower ones to be from 
thirteen to fourteen iuches, but the middle ones are not 
to be less than fourteen iuches sided. The fore and ail 
pieces at the floor heads are to be sided in midships 
from thirteen to fourteen inches as the conversion will 
admit, and afore aud abaft from twelve to thirteen inches; 
the fore and aft pieces at the first fultock heads from 
eleven to twelve iuches, the small dimensions to be used 
forward and aft. 

(458.) The trusses to be sided from eleven to twelve 
inches, aud with the fore and aft pieces to be moulded 
so as to conform to the diagonal timbers as nearly as 
the conversion will admit. 

(459.) In executing the trussed frame the middle 
timber is to be first got into its station, and laid as 
nearly to a right angle from the body of the ship as pos¬ 
sible ; the upper part to abut against the fore and aft 
stuff that runs under the orlop clamps, and the lower 
part to be continued two feet six inches below the floor 
heads, or as much more as the piece will admit. The 
lower timber may next be placed, which is to abut 
against the limber stroke, aud to run at least two feet 
six inches above the floor heads, thereby giving a scarf 
of not less than five feet to the middle timber: aud in 
order to take out the bevelling, or in other words to 
make the timber lie nearer at a right angle to the body, 
the lower end of the middle timber is to be reduced at 
the upper part, where it comes iu contact with the lower 
timber. In the fore body it will be taken from the aft 
side, and iu the after body on the fore side; the lower 
part of the upper timber, or upper part of the middle 
timber, is also to be taken away for the same purpose. 

(460.) Should any difficulty occur iu procuring com¬ 
pass timber for the diagonal frame, a saw kerf may be 
cut in the upper part of the upper, and in the lower 
part of the lower timber, thereby avoiding a kerf in wake 
of the scarf. This wilt render procuring these timbers 
less difficult. 

(461.) in disposing of the diagonal timbers so us to 
clear as much as possible the chocks under the gun 
deck shelf piece, a chamfer of about six inches may be 
taken away when required from the angle of the lower 
edge of the orlop beam, as in fig. 4. 

(462.) The scarfing of the diagonal timbers to be 
side by side, and eaeh of the lower scarfs to be secured 
with two copper holts of l£ inch diameter, and each of 
the upper scarfs with two copper bolts of inch dia¬ 
meter, which ure to be driven square from the sides of 
the timbers. 

(468.) Each shift or diagonal timber to be coaked to 
the frame timbers, and to the gun deck and orlop 
clamps with which they come in contact, with coaks of 
3J inches diameter, aud 3£ inches in length. 

(464.) The fore and aft pieces at the floor and first 



NAVAL ARCHITECTURE. 


Naval At- futtock heads are to have their ends coaked to the dia- 
chitecture. gonal timbers with coaks of four inches diameter, and 
wa v aa> >^ of the same length. As these eoaks must be double 
sunk either in the timber, or in the fore and ail pieces 
to ensure their being driven up, a piece of thin iron 
hoop is to be placed over jme end of the coak to pre¬ 
vent its being split by the bolt in punching up; this 
precaution should be taken in all cases where coaks are 
double sunk. 

(465.) Wherever there is a necessity of double sink¬ 
ing coaks, the vacant space is invariably and with the 
greatest care to be filled with a mixture of chalk and 
grease, or any other durable substance that can be 
introduced. 

(466.) Great attention should be paid that the fore 
and aft pieces at the floor and first futtock heads be 
driven in tight between the diagonal timbers, and parti¬ 
cularly the trusses, as they receive the weight of the 
ship when she has a tendency to arch or hog, and also 
when in the act of pitching. 

(467.) As the trusses need not have any coaks at 
their ends, should they by accident be cut short, an iron 
wedge is to be driven atone end; and should they have 
shrunk, particularly at the upper ends, after they are 
put in place, thin iron plate wedges are to be driven in 
prior to the ship's being launched or undocked. In all 
cases a survey should be held to ascertain their state 
before the ships be launched or undocked. 

(468.) The diagonal timbers are to be bolted with 
bolts of 1 j inch diameter, the bolts to be from eighteen 
to twenty inches apart, except at the extreme ends, 
where two may be placed nearly abreast; and at the 
heads of those under the gun deck shelf piece, two 
bolts are to be driven through a plate of iron to secure 
them when the ship is in the act of rolling. 

(469.) The fore and aft pieces at the floor and first 
futtock heads to be fastened at their ends with bolts of 
11 inch diameter, and in the middle with bolts of l-£ 
inch diameter, and from twenty inches to two feet 
asunder, the ends excepted, where, as in the ends of the 
diagonal timbers, they are to be nearly abreast. 

(470.) The trusses are to be secured with bolts of 
1J inch diameter, about two feet asunder. The upper 
trusses to be placed a little ubove a square or 90°. 

(471.) In driving the bolts of the diagonal frame, all 
those in the ends, and one at least in the middle, are to 
be driven first, and from the inside, in order to draw the 
materials well in contact with the frame timbers. 

(472.) Water courses are to be cut wherever there is 
a probability that water may lodge, particularly at the 
ends of the fore and atl pieces and trusses, also at the 
ends of the diagonal timbers that abut against the limber 
strake, and the keelsons in wake of the main mast; 
these water courses are to be formed by cutting off the 
ungle with a plain chamfer at the upper part about 
four inches, and at the lower part five inches, the same 
to be observed with respect to the hooks, crutches, Ac., 
but to a greater extent. 

Trussed (473.) The materials for the diagonal frames of these 
frame fox classes of shipB to be six inches thick. The timbers 
shmsand and fore and aft pieces to be from ten to eleven inches 
frigates. broad, and the trusses from nine to ten inches broad. 

(474.) The upper range of timben may be procured 
of small timber, sided eleven inches for 50-gun ships, 
and ten inches for frigates; the upper parts of which 
must be fayed to the clamps, Ac., but the lower parts 
may be brought to with boiling in the kiln, should 


there be any difficulty of procuring timber of a proper Naval Ar- 
growth. chitseture- 

(475.) Chocks of dry oak well oiled are to be wrought 
under the lower edge of the lower strake of inside stuff 
to prevent the scoring of the diagonal timber. 

(476.) The other parts of the diagonal frame may be 
procured of thick stuff, and brought to with boiling, 

(should it be required,) excepting those parts afore and 
abaft to form the hooks and crutches, which may 
be converted from small timber sided from ten to 
eleven incites, and moulded as broad ut the middle line 
as may be required to receive the iron plate hooks or 
crutches. 

(477.) Thu bolts for the diagonal timbers to be in 
distance asunder from eighteen to twenty inches, except 
at the ends, where two are to be disposed of, as before 
directed for ships of the line ; those for the upper range 
of timbers, and for the parts which form the hooks and 
crutches, are to be 1^ inch diameter, and the remainder 
one inch diameter. 

(478.) Whenever the trcennils of the bottom conve in 
wake of, and at a proper distance from the edges of the 
fore aud afl pieces and trusses, they ure to pass through 
them; and the additional fastenings that may be re¬ 
quired are to be made with bolts of ^ diameter; the 
ends are uiso to be secured with two bolts in each, as 
directed for ships of the line. 

(479.) Water courses are to be formed by cutting off 
the lower angle of those parts of the diagonal frame 
which form the breast hooks and crutches; but no 
water courses are to be cut in any other part of tile dia¬ 
gonal frame. 

(480.) The greatest care is to be taken that the fore 
and aft pieces and trusses be driven in tight between 
the timbers, and that their butts be well compressed by 
roiming prior to their being calked. The upper 
trusses shall be placed a little above a square or 90 . 

(4S1.) The hooks and crutches are to be constructed Hooks ,uui 
on a principle that will be shown by a drawing. crutches. 

Line of Battle Ships. Frigates. 

Cwt. ijr. lbs. Cwt. (jr. lbs. 

Weight. 3 1 14 .4 1 7 

(482.) The fore and aft carling under the after gun- FW.uidaft 
deck beams, is to be secured to the inner post, arid is to 0,1 hug uu- 
run to the beam afore the mixen step. * vr'aJck 

(483.) The orlop beams for ships of the line to have \ K 1II1S 1 
a fore and aft strake of four inches thick placed under St «ke an¬ 
them in the midships, to receive the heads of the pillars <h orlop 
in the hold. 

(484.) The half beams are all to be of fir, except naif 
those in the cable tiers. beams. 


Scantlings. 



Ships of Ships of 

the Line, the Line, Frigates. 

3 Decks. 2 Decks. 

Orlop. 

Sq.ll Sq.10ASq.lG Sq. 8 

Lower deck .... 

11 10$ 10 8 

Middle deck.... 

10 

Upper deck .... 

9 9 8i 

Quarter deck and! 

7 7 7 7 I 

forecastle ...) 


Roundhouse ... 

5i 54 5 1 


A piece of oak plank is to be brought on the end of 
each half beam to make it of sufficient depth to reach 
the shelf piece. 
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Carlings 
under tha 
miilship 
ends ot the 
diagonal 
flat fur 
ships of the 
line. 

Diagonal 

ledges. 

Shelf 

pieces. 


The midship end of each half beam is to be secured 
to the earling with a dog-bolt. 

Br. In. Dcii. 


(495.) For the gun deck ... 12 .. 10 

For middle and upper decks. 11 .. 9 

To be of old oak, thick stuff, or plank. 

For the gun deck about. 10 .. 5 

For middle mid upper decks. 9 .. 4 



Ships of the Liut*. 

SU-gun Ships. 

Frigates. 


Inchei 

Inelio, 

Inches 

Inches 

Inches 

Inches 


thick. 

brotul 

thick. 

bromh 

thick. 

broad. 

Fur the orlop . 

y 

15 

8 

14 

11 

ii 


To 1)o in 

ft tlircc 

tion as 

shown 

l>v n dm wing. 

Lower deck .. 

•J 

15 

8 

14 

7 

12 

Middle deck .. 

8 

14 





Upper deck .. 

8 

14 

74 

13 

8 

14 

Quarter deck. 







ami fort;-1 

7 

12 

64 

11 

64 

11 

castle.. .. j 







Roundhouse .. 

6 

10 

54 

10 




The breadth given is for the upper side of the shelf 
piece, the front side being bevelled. 

(-186.) The scarfs to be five feet six inches long, and 
to be eoaked with four circular coaks in each scarf; the 
scurfs to be so disposed that the front lip may overrun 
a chock under the shelf piece about four inches. 

(487.) Should any difficulty occur in procuring shelf 
pieces on account of breadth, they may be wrought by 
bringing the top ends together alternately, and intro¬ 
ducing a connecting shift as described in fig. 5. 

(4S8.) The shell' pieces are to be secured with bolts 
from eighteen to twenty inches asunder, and as the 
throat bolts of the iron knees will pass through the 
shelf pieces, no bolt should be placed nearer than twelve 
inches to the midde of each chock that is intended to re¬ 
ceive an iron knee. 

(189.) The diameter of the iu and out, and up and 
down bolts for shelf pieces must be as follows: 



Shins of 
the Line. 

50-gun 

Ships. 

Fri¬ 

gates. 

Qrlop. 

n 

H 

1 

Lower deck.. 

Middle deck. 

u 

n 

4 

1 

Upper deck. 

4 

4 

4 

Quarter deck and forecastle. 

l 

i 

i 

Roundhouse. 

1 

£ 


Coaks for (490.) The diameter of the coaks for the shelf pieces, 
■helfpieces, and the number in each beam end, are to be as follows: 



Shins of 
the Line. 

60-sun 
Ships. 

Frigates. 


■Orlop. 

la. No. 

4 2 
4*2 

4 9 

In. No. 
3* 2 

4 2 

In. No. 

44 l 

44 1 

0‘S. 





4 2 

34 2 

4 2 





a? 

forecastle anu quarter i 
deck.•/ 

44 1 

4 1 

4 1 

34 1 

4 1 

4 1 

0^ 



44 1 

44 i 

4 1 

3 1 

ii 



4 1 






4 1 

3J 1 

34 1 

34 1 

3 1 



Forecastle and quarter 
deck . 

4 1 


(491.) These coaks are to be of cast iron 4 inches NayoJ A> 
long, and the cavity to be filled with cement and sand; , c _ UTe ‘ 
if iron coaks cannot be procured, hard seasoned durable 
wood coaks are to be substituted. 

(492.) The chocks under the shelf pieces or beams Chocks for 
for iron knees, are to be sidgfl as follows: ,ron kw **' 



Ships of 

50-gun 

Fri- j 


the Line. 

Ships. 

gates, j 


Inches. 

Inches. 

laches. 

For the Lower deck. 

10 

9 

7 

Middle deck. 

9 



Upper deck. 

H 

8 

S 

Quarter deck andl 
forecastle .) 

n 

7 

7 

Roundhouse. 

G 

bit 



(493.) The chocks under the orlop shelf pieces are 
to be placed conformably to directions that will be 
given with a section, sided for ships of the line and 
50-gun ships from eleven to twelve inches, and for fri¬ 
gates from ten to eleven inches. Care is to be taken 
that the bolts for the diagonal timber in the wake of 
these chocks, be so disposed as to pass through the 
chocks. 

(494.) The beams of the gun deck, and also those 
of the orlop, to be stationed so ns to receive a side 
plate, by keeping one side of the chock fair, or in such a 
direction with the fore or after part of the beam as may 
be most convenient. 

(495.) Side plates for ships of the line five inches 
broad, If inch thick; for 50-gun ships, 4£ inches 
broad, and 1} inch thick, diameter of the bolts 
inch. 

(496.) The chocks under the midship lower deck 
beams of frigates, are to abut on the beam ends of the 
midship platform iu the same manner as those of ships 
of the line, and 50-gun ships do on the orlop beams, 
but no side plates are required for frigates. 

(497.) The chocks under the shelf pieces are to he 
got into place as tight as possible, which may be accom¬ 
plished by previously setting the beams an inch above 
their proper round. 

(498.) The weights of the forked knees arc to be as Forked 
follows: knee*. 



Shins of the 
Line. 

50-gun 

Ships. 

Frigates. 

For the Lower deck. 

Middle deck .... 

Upper deck,. 

Quarter deck and) 
Forecastle .. .J 

about 34 cwt. 

21 

24 

14 

3 

24 

24 


(499.) Those beams that are placed over ports where 
the forked knee cannot with convenience be introduced, 
are to be secured by iron dagger knees on chocks, with 
an ear against the side for the introduction of a holt, 
(500.) The diameters of the bolts for the forked 
knees are to be as follows, viz. 
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laches. 

T __ . . C The two throat bolts and the up") ,, 

Lower deck. aud down boIt .! j H 

The lower bolts and those fore and i ., 

afl in beams.J * 

Upper and /'The throat, and up and down bolts, li 
middle ■< Bolts below, and the fore and aft") ,, 
decks. ditto...j " 

f, C ^| t ')_The two throat bolts,- and the up") ,, 
Si, | and down ditto..j '« 

Bolts below, and fore und ail ditto . 1 


The up and down bolts in the lower, upper, and 
quarter decks, are to be of copper. 

Iron knees (501.) The lower deck beams of frigates, and the 
uudur forecastle and quarter deck beams of 50-gun ships and 

beams. frigates, to be secured at each end with an iron knee 
under the beam, in weight 14 hundred weight, the toes 
or ends to be 4 inch in thickness and bolted with bolts 
of one inch diameter. 

llound (502.) The beams of the round house are to be se- 

houie cured with a plate bolt at each end, diameter of the bolt 

secured ° ‘ n ** lc ' ,eam H inch, and bolted with bolts of | inch 

iritiijdato diameter. The plate on which the bolt is clenched is to 
liolt.. 1 lie upon the beam and be let into the under side of the 
Hat of the deck. 


Beam ends (503.) The beams of the orlop aud platforms, and 
tu be so- the foremost and aftermost beams of the lower decks of 
cured with frigates, are to be secured with three bolts of 1J inch in 
thron rh VC0 eac *‘ cn ^> w * lic h are to be driven through the bottom of 

the buttum. s hip. 

Trussing (504.) The short stuff, or quick work between the 
between the ports of the lower, middle, and upper decks, to be com¬ 
ports. of posed of materials, sound, well seasoned, and converted 
bncVo-lun from olfl dmber if it can be procured. .‘The abutment 
ships, and* 0 P' et -' ea for Hie gun deck to be about thirteen inches 
frigates. broad, and for the middle and upper decks twelve inches. 

(505.) The trusses for the gun deck to be eleven 
inches, and for the middle and upper decks ten inches 
broad. Tiie abutment pieces are to be the same thick¬ 
ness'as the clumps, if they do not exceed six inches, 
wh : ch are not to be bearded, but should they exceed that 
thickness, they arc to be bearded to six inches; but the 
diagonal trusses arc to be half an inch less in thickness. 

(506.) Every abutment piece is to be couked to the 
port timber, with one circular coak of 34 inches diameter, 
which is to be placed so as to act against the pressure of 
the truss on the abutment piece. The head of each 
abutment piece is to be bolted with two in and out bolts 
of inch diameter, each end being also bolted in a fore 
and aft direction, with one bolt of the like diameter. 
The space between the trusses aud abutment pieces is to 
be left open, while the ship is in a state of ordinary, 
but when commissioned it is to lie coppered over. 

(507.) In calking the trusses between the ports, the 
horizontal parts in contact with the spirketing and 
clamp arc to be well raimed and calked, by which 
means they will act well against the up and down, or 
abutment pieces; but should there be a space left be¬ 
tween the abutment pieces and trusses more than the 
calking will set home, the up and down joint is to be 
first calked, or a neat iron plate ia to be driven in. 
Trussing (508.) Whether the stern be built in the common 
the stern, principle, or round with the rother head without board, 
drawings will be sent. The lower, middle, and upper 
decks of ships of the line, are to be laid diagonally. 

(509.) The water ways for the lower deck to be from 
VOL. VI. 


thirteen to fourteen inches square, and for the middle n„ v .i a* 
tfnd upper decks from 12) to thirteen inches square, chitedure. 
These scantlings may be easily procured, as the rabbet *■ — 
and rounding of the front will materially assist the con- Waterway, 
version. The rabbet for the flat of the deck is to lx* fuI 
taken out, so as to admit of a calking seam of three AtA * m 
inches in depth, und with such an angle that the butts 
of the flat of the deck may be bearded J inch and no 
more. 


(510.) To prevent a lodgement of water on the upper 
side of the water ways, they are to be trimmed below a 
level from the spirketing, inwards, which may be done 
by letting the water ways down more on the inner edge, 
than on that next the timbers, according to fig. 6. 

(511.) It being of the greatest importance that the 
water ways and ekeings be procured of dry, well sea¬ 
soned oak, or timber of equal durability, great care is 
to he taken in the selection; and to promote this object, 
the water ways may be wrought of short lengths mid 
butted on carliugs let down for that purpose between 
the beams, observing that no more carlings are to be 
introduced than may be necessary for this purpose, and 
that, they be let down in scores which are to be taken 
entirely from the half beams. 

(512.) The carlings are to be of the same breadth as 
the water ways, and in depth the same as the binding 
strake, the upper sides of tiie carlings being flush with 
the upper sides of the beams. The clamps and spirket¬ 
ing are to be worked according to the usual practice. 

(513.) The butts of the water ways are to be dis¬ 
posed of in the middle of the carlings, and the scoring 
down part of the water way to be taken away from the 
butt to the side of the beam next to it, as shown in 
flg. 7, and tiie binding strakes are to give shift to the 
water ways. 

(514.) Each butt of the water ways is to be secured 
to the carling with two coaks, and one up and down 
bolt. The bolt is to pass through the shelf piece, but 
should the bolt that passes through the end of the half 
beam come near to the butt of the water way, then one 
up and down holt may be omitted. The in and out 
bolts in the wake of 4hese carlings will necessarily pass 
through them instead of the water ways. 

(515.) No ekeings are to be wrought of greater 
scantlings than nvay lie necessary to get the water ways 
in and out of place, and to admit of disposing the up 
and dowu bolts so as to clear the rabbet of the water 
way, the spirketing, and the clamps sufficient for 
clenching. The ekeings arc to give shift to the wnter 
ways, and thereby reduce the calking at the butts as 
well as give a stop to the same. 

(516.) The water ways and ekeings are to be scored 
down on the gun deijc main or principal beams three » 
inches, and on the middle and upper deck main or prin¬ 
cipal beams 24 inches; the scores are to be taken from 
the water ways and ekeings, and the butts faced on the 
sides of the beams 4 an inch. No scores are to be 
taken from the water ways and ekeings in wake of the 
half beams, but the scores are to be taken from the half 
beams entirely. 

(517.) One up and down bolt in the water ways 
through the shelf piece is to be disposed of in the end 
of each beam and half beam, the diameter of the bolls 
for the beams of the gun deck to be li inch, and lor 
the middle and upper decks 1 j inch, for the hull beams 
of the gun deck 4 inch, and for the middle and upper 
decks one inch. 

8 E 
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Naval Ar- (518.) The in and out bolts in the upper part of the 
ehitecture^ water ways are to be equal in number to those in the 
" lower part in the binding strokes; the diameter of the 
bolts for the gun deck to be 1-f inch, and for the middle 
and upper decks, one inch. 

(519.) The diameter of the coaks for the water ways 
and the number in each beam end to be as follows, vis. 

Inches. No. 

Coaks for Each beam end\ Lower deck. 4 2 

waterways, waterway. J Middle and Upper decks.. 34 2 

These coaks are to be of cast iron four inches in 
length ; if iron coaks cannot be provided, then well-sea¬ 
soned, hard, durnble wood is to be substituted. 

Side bind- (520.) Thick strokes for the gun deck six inches, and 
inn or scor- for the middle and upper decks five inches, broad ten 
strakesfor ‘ nc ^ es > to be Id down in scores taken from the main or 
securing 01 principal beams ; for the gnn deck three inches, and for 
the ends of the middle and upper decks 24 inches; and what may 
the flat of be required to make the upper side of the binding stroke 
diagonal flush with the upper sides of the beams, is to be taken 
sldM ofW * rmn '* le binding strake, and the scores are to be faced 
d ° ' 0,1 ''ides of the beams half an inch. No scores are 

to be taken from the binding strokes for half beams, but 
the scores are to be taken from the half beams entirely. 

(52i.) One in and out bolt in the binding strake and 
lower edge of the water way, is to be disposed of in the 
space between each beam and half beam; and as there 
will be a space of three inches betweed the binding strake 
and water way, no chocks are to be fitted for the purpose 
of wooding the bolts. The diameter of the bolts for the 
gun deck to be 14 inch, and for the middle and upper 
decks one inch, 

Midship (522.) The binding strokes in midships are to be 
binding coaked to every main beam and breast hook, with one 
fctraki-s for circular couk of 34 inches diameter. To be five inches 
miiliVlo ’iuid ^'ick * ro,n the aft part of the fore hatchway forward for 
upper ducks the gun decks of ships of the line, and four inches thick 
of ships of from the ward room or cabin bulkheads forward for 
the line, 50- middle and upper decks. 

nndfrigates (523-) Every side butt of the flat is to be fastened to 
Diagonal 111, l * le s ’ l le binding or scored down strake, with two tree- 
docUs for nails of 14 inch diameter, except those beams where 
the gun, the up and down bolts in the forked knees, or the holts 
middle, and directed for the half beams puss through the flat, then 
of shin* of* one trecna ‘l only is to he driven; the holes for which 
the line. nre ,10t to he bored until tile deck shall have been calked, 
but not payed. All these treenails are to pass through 
the binding strake, but only one treenail is to pass 
through each half beam ; those in the gun deck main 
beams being ten inches long, and in the middle and 
upper deck main heams nine inches long." 

(524.) Every midship butt is to be fastened to the 
main beams, or carlings, us the case may be, with two 
bolts, and every plank to be bolted with two bolts in 
each beam, which it may cross ; the holts nre all to be 
£ of an inch diameter, and eleven inches long, for the 
gun deck, and eight inches long for the middle and 
upper decks; the holes nre to lie bored through the 
beams, to admit of driving out the bolts. To be fastened 
tc the half beams with two, and to the ledges with one 
deck treenail. 

(523.) One up and down bolt is to pass through the 
flat of the deck, the side binding or scored down strake, 
and each main and half beam, excepting those beams of 
the upper and middle decks, where a knee bolt passes 
through the binding stroke: at the gun deck these bolts 
will pass through the shelf piece ; diameter of the bolts 


for the gun deck one inch, and for the middle and upper Naval Ax- 
decks -J of an inch. ehiteeture. 

(526.) The calking of diagonal decks to be carried 
on progressively, as follows: Calking 

1. The treenails. 

2. The fore end aft seam, next the binding strake in 
midships. 

3. The diagonal seams. 

4. The water way seam. 

Care is to be taken that the diagonal seams under the 
water ways be well filled with oakum, for which pur¬ 
pose irons are to be used similar to those described for 
that purpose in fig. 8. 

(527.) The forecastle, quarter deck, and round house Ianeror 
of ships of the line, and all the decks of other ships and ®>akod 
vessels, to he laid in a fore und aft direction. The JJJ 
coaked water ways for lower decks of 50-gun ships, to aft decks, 
be 124 inches square, and for frigates 104 inches; for 
the upper decks of 50-gun ships and frigates, 114 inches 
square; for the forecastle and quarter deck of ships of 
the Hue, 50-gun ships and frigates, 104 inches, and for 
the round house of all ships, to be nine inches square. 

(528.) The rabbet to be taken out of the coaked water 
way, so as to admit of a calking seam of three inches in 
depth, and with such an angle, that the thin wafer way 
may be bearded $ of on inch, and no more. 

(529.) The coaked water ways to be bolted with one 
up and down bolt in each beam and half beam ; the dia¬ 
meter of the bolls for the main beams of the lower decks 
of 50-gun ships to bo 1J inch, for the upper decks of 
50-gun ships and frigates I-J inch; for the lower decks 
of frigates, and the forecastle and quarter deck of ships 
of the line, 50-gun ships, and frigates, one inch, and for 
the round house of all ships J- of an inch. 

(530.) The diumetcr of the up and down bolts in the 
water ways and half beams, to be of an inch less than 
has been directed for the main beams. 

(531.) The in nnd out bolts for the water ways, to be 
disposed of at the distance of from twenty inches to two 
feel asunder, and to be in diameter as directed for the up 
and down bolts of the respective main beams. This 
kind of water ways to be butted on carlings, as already 
described for (he diagonal decks. 

(532.) Each main beam end and water way to be Coaks for 
coaked with circular coaks of cast iron of the following w #t * r wa y* 
diameters and number. ’ 



Ships 
of the 
Line. 

50-gun 

Ships. 

Fri- 

gates. 

Lower deck. 

In. No. 

In. No. 

4 2 

In. No. 

34 1 

Upper deck. 

• - 

34 2 

34 2 

Forecastle and quarter deck 

4 1 

4 1 

4 1 

Round house. 

34 1 

84 1 



for fore aud 
aft decks. 


(533.) The outer water ways to be one inch thicker 
than the flat of the respective decks, and to be fastened 
to the beams and half beams with treenails, and the 
butts to be secured with mixed metal nails, 

(534.) The forecastle, waist, and quarter deck of 
ships of the line, 50-gnn ships, and frigates, are to be 
fastened with mixed metal nails. 

(535.) The holes for the bolts of diagonal decks are 
to be bored through the beams to admit of driving out 


Outer or 
thin water 
way for fore 
and alt 
decks. 
Forecastle, 
waist, and 
quarter 
deck. 

Bolts for the 
flat of decks 
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Naval At. the bolls on a repair; the holts are to be made with tool 
ehitucturs. heads, and the {joints to be rounded for the purpose of 
driving them out withsEoneave punches. 

(536.) In the event of shilling the decks, the holes 
are to be bored through the new. deck, by introducing 
the auger into the original holes in the beams from the 
under sides; and to prevent the necessity of re-fastening 
the bolts of a larger diameter than were originally 
driven, a rope-yarn or yarns is to be introduced in each 
hole of sufficient length above the deck to take a turn 
round the head of the bolt before it may be driven 
home. But should this mode be found objectionable in 
practice, either the original mode may be followed by 
driving bolls of a larger diameter, or the old holes may 
be plugged up and new ones bored. 

Cross bolt- (537.) A system of cross bolting is to be introduced 
in# of the between the bolts of the knee of the head and hooks 
wood end* f rom ^ or j„p upwards, two bolts of 1$ inch diameter 
aftwlien m f° r ships of the line, and two bolts of 1^ inch lor 50-gun 

transoms ships and frigates, to be disposed of in each space 

are omitted, between the hooks agreeably to fig. 9. No sap wood 
Sap wood (except on elm) is to be suffered to remain in any part 
to bo taken 0 f the ship, but it is to be taken off from the materials 
away. before they are placed in the ship. The officers are to 
be considered particularly responsible for the perform¬ 
ance of this duty. 

Circular (538.) The holes for circular coaks are iuvariably to 
coaks and tj C p u j n ted with white lead. Wooden coaks are to be 
ditto* i0t made of the soundest and best seasoned durable wood 

painted. that can be procured, they are to be soaked in oil, and 

their ends painted with white lead. In all cases great 

care is to be taken that the holes are not sunk lower 

than the coaks themselves, and where double sunk coaks 
are used great care is to be taken to fill up the space 
with chalk and grease us before directed. 

Oil and tar. (539.) In all cases where oil and tar have been 
directed to be used, the mixture is invariably to be made 
with (our-fifths of oil and one-fifth of tar. 

Copper (540.) Every copper bolt for iron knees, is to be 
bolts fur driven with a ring under its head, and those copper 

iron knees. bolts which are clenched upon the bottom under the line 

of flotation, arc to be carefully chiriced, and putty 


(544.) All the timbers of the frame in the hold of the Naval Ar- 
ship, but particularly those under the magazine and chitecture. 
coal-hole, when perfectly dry, arc also to be payed over 
with oil and tar twice or more during the time the ship 
is building. The rents mid shakes of the frames, and 
also the diagonal framing, are to be chineed, and the 
surface well payed with oil and tar. 

(545.) The ends of beams, longitudinal pieces, trusses, 
chocks, under-shelf pieces, curlings, &e. after being well 
saturated with oil and tar, are to be painted with white 
lead. By this process the capillary tubes will be pre¬ 
vented from absorbing the juices of the timber with 
which they are to be brought in contact. 

(546.) The strictest attention is to be paid during the Openings, 
building of the ship, to keep the openings of the frame &e. to be 
and every other part clear from chips or dirt, or any * i £ |,tcl » arof 
tiling that may obstruct a free circulation of air. c ' llS| Cl 

(547.) An entrance to the hold is to be left open in Entrances 
all ships at the head, and also on one side in midships as to hold, 
long as the currying on of the works will uduiit, not only 
for the convenience of conveying the materials on board, 
but to facilitate the seasoning of the ship by creating a 
circulation of air; which latter object will be further 
promoted by leaving open the treenail holes in various 
parts until the calking of the ship. The calking of 
the ship is not to be performed until it shall be considered 
necessary. A strakc is to be left open on the outside, 
opposite to the opening above the strake on the orlop 
beams within board. 

(548.) When a ship is not built or repaired under a 
roof, every possible precaution is to In* taken to keep lid- 
dry during the progress of the works; and to accom¬ 
plish this desirable object, the forecastle, quarter deck, 
and round house are to be laid and calked as early us 
possible, and a temporary housing erected over the 
waist. Eave boards are also to be fitted to the topside, 
as already practised, to carry the water from the ship. 

If necessity should compel the use of unseasoned tim¬ 
bers, it is to be boiled in the kilns, and afterwards 
exposed to the air as long as possible. 

(549.) Fig. 1, 2, and 3, pi. vi. represent the sheer plan 
or elevation, the body plan or plan of projection, and the 


placed upon the oakum before the ring is put on. 

Beams to be (541.) In order to facilitate the seasoning of beams 

placed erect they are to be converted as early as possible, and placed 
for season- ns , luar the ship as convenient. With their butt-ends 
mB ’ upwards ; and as oil has been found to be a great pre¬ 

ventive to the dry rot, the butt-ends of these important 
parts of the ship are to be hollowed out so as to retain 
a quantity of oil, by which means it will be most readily 
absorbed by the timber; a fresh supply of oil is to be 
afforded occasionally, and, in trimming the beams, as 
little of their ends so saturated, is to be cut off as possi¬ 
ble. The ends of the beams are to be covered, so as to 
protect them from water, and admit a free circulation of 
air. 


hulf-breadlh plan of a first- rate of 120 guns. 

(550.) Great Britain is not only deeply interested in Cuinmer- 
all that concerns her Navy, but also in that commercial <-i.d marine 
murine, which counects her with other nations. When 
we look at the magnitude of this portion of her power, at Untam * 
once the ample feeder of her wealth, und a nursery of sea¬ 
men for all the daring enterprises of war, We cannot but re¬ 
gard every improvement by which additional security can 
be imparted to it, witli the greatest interest and delight. 

By the modes of ship-bitilding commonly practised in 
our merchants’ yards'. Sir Robert Seppings observes 
there can be little doubt that lives and property to an 
immense amount must from time to time be sacrificed by 
injudicious modes of construction, and by the inefficient 


Means tolsi (542.) Defects are to be cut out of timbers of the plans which have had no better origin than a rude and 
taken for f rame> - an j a u other parts of the ship, before tfiey are barbarous experience. 

va ;r o r R l° we d away for seasoning ; and those timbers where (551.) An idea of the great importance of our com- its import- 
the mar defects have been removed, the hole is to be on the mercial murine may be gathered fioin the following »nce. 

tends. under side, but if that caunot be done, a hole is to be statement of the British shipping employed in the trade 

bored to take off the water. of the United Kingdom, and which have actually entered » 

(543.) The faying part of the various materials, vis, dia- the several Ports of Great Britaiii for some preceding 

gonal limbers, fore and aft pieces, trusses, hooks, crutches, years. Commer- 

chocks under beams, the water ways and ekeings to ditto British! 1826 182; 182.9 18-2‘J cial ship- 

are to be chawed with shavings or ironed with a hot iron, Tonnage} 1,796,250 I 07-2,730 l,9.>r>,. >48 2,033,8 >4 • ningfor 

and while hot to be payed with oil and tar. (552.) For the year 1S31 we present a more detailed 1831 

3x2 
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r- list of ihe shipping employed in tlie trade of the United repeated voyages,) with the number of their crews; Naval Ar- 
h ' n S t '° n b toget her wit h the number and tonnage of vessels separating British from Foreign ships, and distinguish- chltec,ur ®- 
entered inwards and cleared outwards, (including their ing the trade with each Country.* v— 


Inwards. 


Countries, &c. 


Foreign. 


J Ships. Toni. Men. |SHijia. I Toni. Men. I Ships. Tons. 


OUTWAUUS. 

Foreign. 

Men. Ships. Tons. Men. 


R'wia. 2,065 

Sweden... g,| 

Norway ..... 52 

Denmark.;..... gp 

Prussia. 437 

Germany. 724 

United Netherlands.. \ 723 

Franca . 

Portugal, vis. Proper ... ’401 

Asores... 220 

Madeira. 

Spain and the Balearic Islands. g3g 

Canary Islands. 45 

Gibraltar. g 

Italy and the Italian Islands... 497 

Multn. 27 

Ionian Islands. gg 

Turkey and (lontineutnl Greece.... j 09 

Murcu and Greek Islands .. ] $ 

Egypt (Ports on the Mediterranean.). 35 

Tripoli, Barbary. and Morocco. j2 

Coast of Africa, from Morocco to the Cope of Good) 

Hope ....!..... I 126 

Cape of Good Hope . 27 

Eastern Coast from the Cape of Good Hope to Ba-1 

behnamlel...J I 

Cape de Verd Islands ....... 

St Helena and Ascension.... " ’' 

Mauritius . "‘gg 

East India Company'sTcrritories and Ceylon .... jjq 

China... 21 

Java . 2 

Philippine Islands. ~ 

Other Islands nf the Indian Seas... 

New South Wales...... 

New Zealand and South Sea Islands.. 

British Northern Colonics.. 

British West Indies. 

Ilnyti .... 

Cuba and other Foreign West Indies. 

United States... 

Mexico.. 

Guatemala. 

Colombia .... 

Brazil... 

States of the Rio de la Plata.... 

Chili... 

Peru.. 

The Whale Fisheries... 

Islands of Guernsey, Jersey, Alderney, and Man .. 

Foreign Parts, ’ tho particular Places cannot bel 
specified)... I 



1,126 58 

1,287 63 


522 20 


3,718 179 

231,280 10,209 
639 39 


618 34 

1G3 8 


37,824 1.580 


Total.I 14,488|2,367,322 131,627 6,085 874,605 47,4531 13,791 2,300,731 132,004 5,927 896,051 47,009 


Imperfect (553.) With regard to the principle on which mcr- 
modo by entile ships are at present constructed, and particularly 
W *“ C ? I P? r ‘ as regards the putting together their ribs or frames, and 
arn“t nre- 8 the arrangement of the materials, it may be observed, 
scut con- that in forming the frames or ribs, half of the timbers 
mructcd only arc united so as to constitute any part of an nrch, 
the alternate couples only being connected together; 
the intermediate timbers (termed fillings) being uncon¬ 
nected together, and merely resting upon the outer 
planking, iustead of giving, as they ought to do, support 
to it. Ships so constructed cannot by any means pos¬ 
sess equal strength with those that have the whole of 
their timbers formed into frames or arches. 


(554.) Sir Robert Seppings observes, “that this 
imperfect mode of practice is peculiar Jo the English 
merchant ship-builder; and was pursued even till very 
lately tn his Majesty’s Navy, while the preferable system 
of connecting the ribs was common to other maritime 
Powers. There cannot be any doubt,’’ he further adds, 
“ that the principle of uniting the frames now adopted 
in the construction of English ships of war, might with 
great advantage be also introduced into the mercantile 
Navy; thereby giving to the ships in that employ addi¬ 
tional strength and increased durability, without adding 
to the expense of building. 

(555.) There arc also great objections to the present 


Principles 
employed in 
Navy might 
with advan¬ 
tage be 
adopted in 
merchant 
ships. 
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mode of joining together the several pieces of the same 
rib. In the ordinary way it is done by the introduction 
of a third piece, technically termed a chock or wedge 
piece. A, fig. 4. pi. vi.; these pieces amounting to upwards 
of four hundred and fitly in a 74-gun ship, and not less 
than that number in an Indiaman of 1200 tons. Of 
these chocks, not one in a hpndrcd is ever replaced in 
the general repair of a ship, being not only found 
defective, but very generally to have communicated their 
own decay to the timbers to which they are attached. 
In addition to this, the grain of the rib pieces is much 
impaired, to give them the curvature required; and that 
they occasion a great consumption of materials, is ob¬ 
vious, the ends of the two rib pieces being first rut 
away, and then replaced by the chock. 

(556.) This mode of putting together the frame is 
also peculiar to the English ship-builder, and was 
introduced about the year 1714 ; and to the honour of 
Mr. Nash, the builder of the Royul William, it should 
be recorded, that he refused to adopt it. When that 
ship was taken to pieces at Portsmouth, in 18J 3, Sir 
Robert Scppings found she was built without the wedge 
pieces or chocks, to which, in a certain degree, he attri¬ 
buted her strength and durability. 

(557.) Chocks were no doubt introduced in order to 
procure the necessary curvature, wheu crooked or com¬ 
pass timber became scarce, as may be seen in fig. 5. 
The same curvature, however, may equally be obtained 
by a different combination of materials, und at a con¬ 
siderable less consumption of useful timber. 

(558.) The frames of a mercantile ship, according to 
the present mode of building, before they are placed and 
united to each other, may be seen witli their chocks or 
wedge pieces in fig. 6. From imperfect workmanship, 
also, the surfaces of the chocks are seldom in contact with 
those of the timbers ; and the ends of both are frequently 
reduced so thin, as to split by the fastenings necessary 
to secure the planks to the ribs. Thus the ship, in the 
event of grounding, or even in the act of rolling, derives 
little support from timbers united only by two narrow 
edges. 

(559.) Another great defect, moreover, is, that the 
ends of the lower ribs or timbers, commonly termed the 
lower futtocks, fig. 6, are not continued across the keel 
C, so that no support is given in a transverse direction 
when the ship touches the ground; nor uny aid to 
counteract the constant pressure of the mast. This 
great sacrifice of strength and safely is made for no 
other purpose than that of giving a passage for the 
water to the pumps. 

(560.) The floor timbers, which by this mode of con¬ 
struction are the only timbers that cross the keel, are 
also weakened for the same purpose, as shown at D, 
fig. 6. The conveyance of the water is hence very un¬ 
certain, the passage being very frequently choked ; the 
pumps, from its not being practicable to continue them 
sufficiently low, always leaving from six to eight inches of 
water in the ship. These compartments, therefore, con¬ 
stantly permit a certain quantity of putrid bilge water, 
offensive and injurious to the health of all on board. 

(561.) The deficiency of strength causes also an 
alarming insecurity in the plank of the bottom, as showu 
at £, fig. 6, termed the garboard strake; which, conse¬ 
quently, has no other fastening to the general fabric than 
its connection with the keel at F, fig. 6, and a slight 
security at G, fig. 6: hence it is obvious, that in the 
event of the keel being disturbed, the garboard strake, 


from its being attached to it, must share the same fate Naval An. 
as the keel, and in that case the loss of the vessel would dutedurr. 
be inevitable. ' 

(562.) To obviate these serious defects is the principal Improve- 
object of the excellent Paper given by Sir Robert Sep- of 
pings in the Transactions of the lioyal Society for 1 820. Sc l’l ,1 "K s - 
The principle of this improvement may be seen by 
referring to fig. 7, the component parts of each rib being 
of shorter lengths and less curvature, ami consequently 
less grain-cut. They are also rendered more firm and 
solid by substituting coaks or dowels for chocks or 
wedge pieces; and the mode of connecting the lower 
timbers is better adapted, in the event of a ship ground¬ 
ing, to give support and strength to the fabric, as appears 
by the line denoted by II. 

(563.) This mode of connecting the ends of the tim- of 
bers by circular dowels or coaks, as at 1, is that which 
has, from time immemorial, been practised to unite the 
fellies o£carriage wheels; and we learn from Mr.Wood, ,, 
that the same method has been observed iu joining 
together the separate pieces of the shafts of the stone 
columns in the ruins of Balbec. 

(564.) To contrast the two systems, the Talavera, Comparison 
built uccording to the new plan, was compared with the 
Black Prince, constructed with chocks, the result being Blade ® 
most favourable to the former. The frame of the Tala- Prince, 
vera was composed of small timber, hitherto considered 
applicable only for the frames of frigates. Sir Robert 
was induced to attempt the construction iu this way; 
from there being a surplus store of small timber in the 
yard, and from a conviction, that a well-combined num¬ 
ber of small timbers might be made equal, if not supe¬ 
rior, both in strength and economy, to the large, over- Tiailwr 
grown, and frequently graiu-cut materials, employed in commonly 
constructing the frames of large ships. The result has 
shown the correctness of the principle ; and its adoption mayu-uKud 
cannot fail to prove of great national advantage, iu the for larger 
application of sloop timber to the building of frigates, nhi^H. 
and of frigate timber to ships of the line, whenever large 
timber cannot be procured. On this principle, also, may 
frigates and small ships of war, or merchant vessels, be 
built of straight fir, without the assistance of oak or 
elm, formerly employed to give the necessary curvature 
of the sides. As respects the general safety of the ship. Further 
it may be seen, by referring to fig. 8, pl.vi., and fig. Iu, ile«cri])ti»n 
pi. v., that the timbers uniformly cross the keel j that l,f l 1,m 
the frame of the ship is filled so as to form a compucl Cl1 ' 
body to the height marked K; and that only certain 
internal strokes of plank, or thick stuff, as it is termed, 
are introduced on the joints of the timbers, for the pur¬ 
pose of imparting strength where every alternate timber 
necessarily joins, as shown at L. The remainder of the 
inner planking may be omitted, and dunnage battens, 
in a perpendicular direction, brought upon the timbers 
between the plank, as shown at M, thereby forming 
regular spaces between each, as is usual at present 
upon the plank. This will give an increase of 
stowage in proportion to the thickness of the plank 
omitted. Wuter courses, denoted by dotted lines at N, 
are left ill the joints of the timber under the plank, for 
the purpose of conveying the water to the pumps; 
which, by this plan, reach below the water, instead of 
being some inches above, os in former plans. No 
stagnant water will hence remain, the limber passage, 
forming a smooth uniform channel, capable of being 
cleared with ease, should it be required, whenever the 
hold is unstowed ; whereas at present it is inaccessible 
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in places, and forms compartments for potvid water, 
without there being any means of reinov ing it. 

(565.) It is obvious that a ship constructed on this 
principle may sustain the loss of certain pLuk oi the 
bottom, nnd r also the keel, (which has frequently hap¬ 
pened to ships of war on their being taken into dock.) 
and still reach the place of her dc ‘nulimi; when the 
loss of either would be the dessrucMi.o .>! a ship built on 
the present mode. It is evident, also, that a ship con¬ 
structed on the new plan possesses greater capabilities 
of stowage, and ampler space for leakage Ihun by the 
old; by omitting'the useless inner planking, and by 
laying the kentlagc on dunnage, leaving a space for 
the water, which was formerly occupied by the inner 
lining. This dunnage in the bilge may be formed with 
the iron kentlage, and thereby serve as ballast, for which 
it is well calculated from its situation; and by its occu¬ 
pying a space heretofore forming part of the fabric of the 
ship, cannot hot give an increase of stowage. 

(566.) The best mode of closing the openings be¬ 
tween the timbers, is by filling the intermediate spaces 
with pieces of wood, about three inches iu depth, and of 
such lengths as the inferior conversions will atford. These 
fillings are to be well calked, alter which the exterior 
plank is to he brought on. When the works are going ou 
within board, similar pieces are to be fitted internally, and 
afterwards taken out for the purpose of filling the spaces 
between the pieces so fitted with a mixture of Parker’s 
Roman cement and drift, sand, in the proportion of two 
to one, the opening being previously well payed with 
coal tar. Where there is sufficient space, a brick may 
be introduced, provided there is room for cement be¬ 
tween it and the timbers. When filled in lo within 
about two inches of the surface of the frame, (he three- 
inch pieces, already fitted and taken out, are to be well 
driven in and calked, thereby leaving no space unoccupied. 
These pieces may even lie driven below the surface of 
the timber, leaving water courses to convey the leakage 
to the pumps in channels. Before the launching or un¬ 
docking of ships built on this principle, it has been the 
practice to inject the part filled in with mineral tar, by 
means of a simple forcing pump, boring holes iu the 
joints of the timbers for the introduction of the pipe, 
liy following this method, the air will be excluded, 
which, as experience has shown, tcuds much to the 
durability of tile fabric. If what is here recommended 
be attended to, and mercantile ships be built under roots, 
as ships of war now are, durability will be obtained iu 
addition to safety, from the mode of their construction. 

(567.) The beams are to be attached lo the sides, as 
shown at O, fig. 8. rendering wood knees unnecessary, 
and requiring only a small number composed of iron. 
In fig. 11, pi. v. the portion P illustrates the old prin¬ 
ciple of framing the stern with transoms, and Q the new 
one, having timbers similar to the bow, omitting the 
transoms below- the wing or upper transom. By intro¬ 
ducing the new principle on which the doors are made, 
the necessity of using the valuuble compass timber, 
hitherto required, and which is with so much difficulty 
procured, is altogether avoided. Uniform support is 
thus given, and also increased room for stowage. In 
mercantile ships above 500 tons, Sir Robert Seppings 
recommends plate iron to be laid diagonally, os shown 
in fig. 10, nl. v. 

(568.) The important principle now recommended, 
not only causes a decrease in the consumption of mate¬ 
rials, and obviates thd* difficulty of procuring the neces¬ 


sary curvature, but also affords protection from worms ex Naval Ar» 
ternally,and vermin internally. Leaks may be more easily ehiteeture. 
discovered and stopped than by the old method; and as 
a beautiful experimental proof of increased strength the 
Malabar, of 74 guns, built at Bombay, arrived at Ports¬ 
mouth, loaded to her upper deck with timber, having 
during her passage encountered four heavy gales of 
wind, without showing a symptom of weakness. This 
ship had no other attachment for her beams than the 
internal hoops and thick water way; the iron knees hav¬ 
ing hceu omitted, from the difficulty of procuring them in 
India, until her urrival in this Country ; thus supporting 
her cargo without the aid of knees, either of wood or iron. 

(569.) The publication of Mr. Edyc’s valuable Work Mr.Kilye’a 
on Naval Cakulationx, has brought the great name- 0 
rical results of ship-building into a very convenient point 
of view. The praiseworthy industry that has led to the 
formation of the numerous Tables contained in it, will, 
we hope, meet with its due reward. To the theoretical 
cultivator of Naval Architecture, as well as to the prac¬ 
tical shipwright, this collection of constants cannot but 
prove of the greatest value. 

The following Table contains the dimensions* of Dimensions 
different ships, with their light and load draughts of °* <1,flclL,,,t 
water and height of ports. 8 11>8 ' 


* W e regret that uur limit a will not permit us to do more Hum allude 
with the greatest brevity to the important history of the dimensions 
of ships. It has been by vury slow and gradual steps that our 
Navy has advanced in this important particular. In 1677 the 
length on the gun deck of a 100-gun ship, amounted but to l(i5 
feet, and iu tho establishment of 1745 it had increased only to 178 
feet. Spain was the first nation that increased the dimensions of 
ships to any considerable extent, and France followed her example 
with better success. The capture of the Princess of 70 gtms from 
the Spaniards in 17.'!9, pointed out the necessity of our lurieasing 
tho dimensions of our largest class of two decks ; but the French 
and Spanish Navies were long inferior to the English in the want 
of three-deckers, of which experience taught them the largest classes 
were much too powerful for their largest two-deckers. It was not 
till after the Pence of 1763, that either France or Spun possessed 
n single ship of threo decks. It was the English three-decker, the 
Huynl George of 100 guns, and of 2046 tons burthen, launched in 
1756, 'hat gave so great un impulse to ships of this class. The Com¬ 
merce de Marseilles, however, exceeded out present first-rates in 
length by 3 feet 4 four inches, in breadth by 1 foot 3 inches and a 
half, anil in tonnage by 145 tuns. 

By adopting 100 for the breadth of a three-ileck ship of each of 
the following Nations, the proportional lengths arc those recorded 
in the following Table: Proportional Numbers tor she 

Ilrcadth, Length. 

Spanish. 100 358 

Swedish. 100 372 

French. 100 380 

English. 100 383 

Ana in the largest class of ships of two decks of 80-guns and 
upwards, these proportional numbers are as follows: 

Spanish.. 100 Breadth. 362 Length 

Danish .... 100 367 

Swedish.. 100 

French.* 100 

English. 100 

By taking the smaller ship* of two decks, the proportional num¬ 
bers become: 

English ............. 100 Breadth. 

Spanish . 100 

Swedish. 100 

French ..... 100 

Danish ... 100 

And for frigates, we have the following: 

Spanish... 100 Breadth. 

French (Imp6rieu»e).. 100 

English (Leila). 100 

Danish. 100 

Swedish . 100 

French (Niobo). 100 

English (Portland) ... 100 


369 

375 

376 


361 Length. 

365 

365 

365 

373 

367 Length. 

375 

376 

377 
379 
383 
398 
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Number of Guns. 


Length of Deck. 

cfK-e! for Tonnage, 

Breadth for ditto. ... 

Extreme breadth.. 

Depth in Hold ........... 

Burthen in Tons.No. 

( (Forward .... 

. 

LoBd.I Forwa ' d ---- 


l Aft 
rFore ... 

lAfter. .. 


120 

80 

74 

Haste. 

50 

52 

46 

lUice 

Corvette. 

26 

28 

Corvette. 

18 

Ur Ik-. 

18 

10 

Schooner 

Cutter. 

Ft. 

205 

1(1. 

0 

Ft. 

190 

111. 

H 

Ft. 

176 

In. 

0 

Ft. 

173 

In. 

8 

;fl 

172 

In. 

U 

Ft. 

150 

In. 

R 

Ft. 

145 

hi. 

0 

Ft. 

113 

In. 

8 

Ft. 

112 

111. 

0 

Ft. In 

100 0 

Ft. In. 

90 0 

Ft. 

80 

In. 

0 

Ft. 

67 

In. 

3 

I/O 

11 

161 11J 

145 

1 

144 

8 

144 

9 

123 

14 

121 

9| 

94 


92 

»l 

77 34 

73 7 A 

64 

54 

51 

4 

53 

C 

51 


47 

6 


47 

10 

43 

8 

39 

n 


33 

2 

31 

G 

30 

0 

30 6 

21 r. 

23 

0 

21 

3 

54 

5 

52 


48 

2 


48 

6 

44 

2 

Ey 

3 


38 

6 

31 

EH 

30 

10 

30 9 

24 8 

23 

2 

24 

5 

23 

2 

22 

c, 

21 

E 


13 10J 

14 

6 

12 

9 


13 

3 

9 

0 

13 

10 

12 9 

11 0 

9 

ffil 

10 

7 

2602 

2279 

1741 

1761 


1468 



944 


45G 

382 

235 

183 

161 

Ft. 

15 

In. 

10 

Ft. 

13 

In. 

9 

Ft. 

13 

In. 

5 

'g g 

Ft. 

f 13 

111. 

1 

Ft. In. 
12 2 

Ft. 

10 

* 

|T 

Ft. 

10 

In. 

11 

Ft. 

9 

In. 

8 

Ft. 

10 

In. 

0 

Ft. In. 
(i 6 

Ft. In. 
7 9 

Ft. 

G 

In. 

1 

Ft. 

5 

lu. 

-1 

18 

24 

2 

7 

18 

21 

4 

9 


6 

11 

■91 

. 9.2 

I” 

20 

2 

3 

15 

19 

0 

5 

15 

17 

6 

6 

11 

17 

4 

04 

11 

15 

10 

2 

11 

14 

10 

8 

11 4 

11 4 

10 2 

n 5 

1 

0 

2 

11 

7 

10 

7 

26 

0 

25 

0 

23 

9 

•m 

21 

6 


5 

19 

2 

<© ■’S 

18 

54 

15 

7 

15 

3 

14 7 

12 c 


8 

14 

5 

6 

10 

8 

10 

7 

6 


9 

3 

9 

0 

8 

1 


9 

4 

5 

2 

5 

7 

5 5 

4 9 




9 

5 

6 

6 

1 

5 

8 


8 

3 

7 

10 

7 

3 


8 

5 

1 

11 

4 

11 

4 9 

4 4 




2 

6 

6 

6 

11 

5 

9 


8 

4 

8 

10 

8 

1 

_ 


9 

10 

5 

5 

5 

HI 

5 >0 

4 8 
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Analysis of (570.) An exact analysis of the rates of labour of the different nrtisans employed in building a ship of war, 
the rates of cannot but be of the greatest value. 

labour. In jj, e following 1 Table we have the rates per ton, and also the total amounts. 


The Rate per Ton for Labour on alt Classes of Ships and Vessels with, the Total Amount. 



Number of Cuns .. 

120 

80 


52 

46 

28 

Corvette. 

18 

«rlg. 

18 

n.... 

1 

Schooner, j 

Cutter 



£. s. 

.1. 

£ 

H, 

it. 

£ 

H. it. 

£. 

jr. 

<1. 

£. 

X. 


C. s. 

rf. 

£. ,t. 

</. 

£. t. ,1. 

£. 

s. 

f/. 

£ 

8 . (1. £. 

... 

.2 

' Shipwrights ................ 

t 13 


4 

2 

8 

4 

7 4 

4 

0 

0 

1 

11 

> 

5 15 

2 

4 

12 

0 

4 14 9 

4 

16 

0 

4 

11 10 !4 

6 34 

S 

Calkers.. 

0 4 11 

0 

4 

0 

0 

t 1 

0 

3 

5 

0 

3 

8 

0 5 

04 

0 

5 

4 

0 5 <U 

0 

6 

5 

0 

6 5 0 

5 7 

5 1 

Joiners .. ..... 

0 12 

7 

0 

10 

6 

0 

11 0 

0 

6 

O 

0 

7 

6 

0 11 

9 

0 

12 

7 

0 11 r> 1 

0 

12 

3 

0 

II 7 0 

12 0 

OJ 

Smiths.. 

0 7 

*1 

0 

6 

i 

0 

G 6 

0 

6 

7 

0 

.7 

« 

0 6 

H 

0 

5 

3 

0 4 0| 

0 

2 

9 

0 

2 10 0 

2 84 

A 

Painters.... 

0 1 

8 

0 

1 

0 

0 

1 6 

0 

1 

3 

0 

1 

6 

0 2 

0 

0 

1 

4 

0 1 24 

0 

1 

4 

0 

V 6 tl 

1 5 


Total per Ton . 

6 0 

0 

5 

5 

0 

5 

10 5 

4 

17 

0 

5 

11 

5 

7 0 

4 

5 

16 

6 

5 16 10 

r» 

18 

9 

5 

14 2 5 

8 0 



£. 

X. 


£. 

4. 


£. x. 


£. 

s. 


£. 

s.i C. 

X. 


£. 

s. 

£. s. 



8. 


£. »•' 

l. *. 

u 

"Shipwrights.. 

12172 

6 


J435 

0 

7608 17 

5872 

0 

4842 

7 

2878 

18 


2090 

is 

1812 5 

1130 

15 


840 0 

694 15 

"2 

Calkers .. 

644 

10 


445 

16 


355 13 


251 

(1 


201 

6 

126 

19 


123 

13 

102 10 


73 

9 


58 10' 

4.5 2 

sH 


1639 

14 

1196 

5 


052 17 


450 

0 


398 

6 

296 

6 


290 

15 

219 3 


1 14 

18 


106 2j 

96 3 


Smiths .. 

966 

13 


721 

» 


567 3 


480 

0 


404 

5 

156 

8 


120 

0 

78 2 


30 

4 


26 2j 

22 0 

£ 

. Painters . 

220 

0 


17ft 

0 


130 10 


90 

0 


80 

0 

50 

0 


31 

0 

22 0 


16 

0 


14 g: 

12 0 


Total amount*... 

15643 

3 

11976 

1 

9615 0 

7143 

0 

5926 

4 

3509 



2656 

6 

2234 0 


1395 

6 

1045 0, 

870 0 


Great dif- ( 57 1.) It appears from this Tuble that the rates of 
ference in ] a jj 0ur f or the different classes of ships are by no means 
labour for c/mstant. In the shipwrights, for example, there is a 
different difference between the maximum rate for the 28-gun 

■hips. ship, and the minimum rate for the 52-gun frigate, 

amounting to no less than £l. 15s. 2d, per ton. It 
would be curious to trace the cause of so great a differ¬ 
ence. The cheapest ship for the calkers and joiners is 
also the 52-gun frigate; but the maximum price for the 
former trade is found in the 10-gun brig and the 
schooner; and for the latter trade, the greatest price is 


* From these sumi 20 per cent, must be deducted to bring them 
to the Peace rates. 


found in the 120-gun ship, and the 18-gun corvette. 

The greatest rate of labour for the smiths is found in the 
46-gun frigate, and the least in the cutter. The cheap¬ 
est vessel for the painters is the 18-gun brig, and the 
dearest the three-decker. Taking all the ships, the 
dearest vessel per ton is the 28-gun ship, and the cheap¬ 
est the 52-gun frigate. We might pursue these com¬ 
parisons further, did our limits permit. 

(572.) The relations, also, of the rate per ton for 
labour and materials are deserving, also, of an attentive fiit(is uf 
consideration. In the fourth and fifth columns ol the hour and 
succeeding Table, this relation is exhibited, the limber materials, 
exceeding the labour in the greatest ratio in the 120-gun 
ship, and the least in the 18-gun brig. 
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NAVAL ARCHITECTURE 


Naval Ar¬ 
chitecture. 


Number of 
Guns. 

Rate 
per Ton 
for 

Labour. 

Rate 
per Ton 
for 

Materials. 

Ratio 

of 

Labour 
to Cost 
of Ma¬ 
terials. 

Total 

Expense 

of 

Labour. 

Total 
Expense 
of Ma¬ 
terials. 

Total 
Cost of 
Ship’s 
Hull. 

Total 
Cost of 
Masts 
and 
Yards. 

Total 
Cost ot 
Rigging 
and 
Blocks. 

Total 
Coat of 
Furui- 
niture 
and Sea 
Stores. 

Total 
Expense 
of Equip¬ 
ment.* 

Cost 1 
per Gun 
to the 
nearest' 
Unit. 

Naval Ar¬ 
chitecture. 


£. 

f. 

d. 

£. 

a. 

d. 


£. 

£. 

£. 

£. 

£. 

£. 

£. 

£. 


120 

6 

0 

2 

29 

18 

7 

5 : 31 

15643 

77878 

93521 

3879 

2994 

16805 

117199 

977 


80 

5 

5 

0 

23 

7 

9 

5 : 25 

11976 

5S303 

65279 

3506 

2997 

15114 

86896 

1086 


74 

5 

10 

5 

28 

0 

3 

5 : 30 

9615 

48773 

58388 

2994 

2691 

12433 

76506 

1034 


52 

4 

17 

5 

20 

3 

2 

5 : 26 

7143 

29601 

36744 

2598 

2013 

9512 

50867 

978 


46 

5 

11 

5 

20 

18 

5 

5 : 24 

5926 

22237 

28163 

1477 

1676 

7952 

39268 

854 


28 

7 

0 

4 

24 

4 

1 

5 : 22 

3508 

12103 

15611 

745 

764 

4434 

21554 

770 


Corvette 18 

5 

16 

6 

19 

12 

7 

5 : 22 

2656 

8954 

11610 

635 

792 

3706 

16743 

930 


Brig .. 18 

5 

16 

10 

17 

13 

9 

5 : 20 

2234 

6758 

8992 

526 

610 

3285 

13413 

745 


Brig .. 10 

5 

18 

9 

19 

11 

9 

5 : 21 

J395 

4601 

5999 

327 

395 

2075 

8796 

880 


Schooner.. 

5 

14 

2 

19 

9 

0 

5 : 22 

1015 

3560 

4605 

200 

170 

1380 

6355 



Cutter .... 

5 

8 

0 

19 

6 

5 

5 : 23 

870 

3110 

3980 

351 

1 

171 

1368 

5870 




Loads of 
timber for 
different 
ships. 

Number of 
men to 
build a ship 
ofeach 
class. 


(573.) The next Tuble contains a statement of the man can work up in a twelvemonth in building'i and of 
loads of rough timber, plank, &c. required for building the number of men it will take to complete a ship in that 
each class of ship and vessel; of the quantity that one time for launching, calculated at the War rate. 


Rato of Ship ... 

Quantity of Loads required. 

Ditto, that one Man can work in a\ 
Twelvemonth.. J 

Number of Men to jruild a Ship) 
in the same period.J 

120 

80 

74 

52 

46 

28 

Corvuttc. 

18 

Brig. 

18 

Srlg. 

10 

SclioOher. 

Cutter. 

5880 

20 J 

200 

4339 

28} 

153 

3600 

29} 

122 

2372 

25} 

314 

1800 

23} 

76 

963 

22 

44} 

624 

18} 

33} 

471 

17} 

27} 

337 

18} 

18 

250 

18} 

13} 

186 

17 

11 

If estimated at the Peace rate, the following will be the results. 

Quantity of Loads for one Man in 1 
a Twelvemonth. J 

Number of Men to build a Ship 1 
" iu the sume period .J 

35} 

160 

34} 

122 } 

35} 

97 

30 

69 

28} 

60} 

2 G 

35} 

1 

* 22} 

27 

21 

j 22 I 

1 

22 

14} 

22 

10 } 

20 } 

8 } 


Number of 
men to rig 
a ship of 
each class. 


(574.) The time in which 20 riggers can fit the rig¬ 
ging and blocks of each class of ship and vessel is given 
in the following Table: 


J* 


Class of Ship and Vessel. 

Hours. 

120 Guns 

300 

74 to 60 

285 

50 

260 

t 46 

230 

28 

140 

. W^>18 Corvette 

110 

. t'.'. '*.”18 Brig 

105 

" 10 

80 


(f»7 5.) With this Table we reluctantly quit the import¬ 
ant subject of Naval Architecture. It is one of grow¬ 


ing interest to the World, and the present distinguished 
Surveyor of the Navy, Captain Syinonds, in the ships 
already built and now building by him, has so largely 
increased the dimensions of ships, that we cannot but 
anticipate the most splendid results from his important 
plans. 


*' 20 per cetft. must be deducted from these sums for labour, ami 
18 per rent, fur .materials, to reduce them to the Peace rates. The 
Cornwallis of 74 guns, of 1609 tons', was built at Bombay of teak, 
at £30. 14s. a ton. The Trincomidee frigate, of 1065 tons, at the 
same place, of tho same material, at £29. Bi. 2d. per ton. The Vic¬ 
tory, also, of 382 tons, at £23. 9s. Id. a ton; the Zebra, of 385 tons, 
at £21. 6s. Id. aton ; the Sphinx, of 239 tons, at £24. 6s, Sd, a ton; 
aad the Camden, of 240 tons, at £25, 3s. lOrf. a ton. 










































































































































































CRYSTALLOGRAPHY. 


Crystal. The following Treatise lias, for the accommodation of. 

vlilTerent classes of readers, been divided into two Parts. 
"~ v ~*" In the First an explanation is given of the relations of 

Crystals, founded upon the characters and positions of 
their planes ; and in the Second,'those relations are in* 
vesligated and demonstrated mathematically. 

The following characters are used in this Treatise. 

A, E, I, O, on the angles of primary terminal 
planes. (98.). 

II, C, D. F, on the primary terminal edges. (98.) 

G, 11, on the primary lateral edges. (98.) 

P, M, T, on the primary planes shown in the figures. 
( 98 .) 

|| P, || M, || T, primary planes parallel toP.M.T. (106.) 
v, general expression of the law of decrement. (124.) 

A, 15, &c,, simple decrement on the terminal angles. 

(i2i.) ; b 

A,„ K,., &e., general symbol of simple‘decrements on 
the lateral angles. (124.) 

i* v 

H, II, &.c., decrements on terminal or lateral edges. 
(I ■-’■>) 

; IV, R" r ) intermediary decrement. (127.) 

0, no decrement, absence of any symmetrical plane, 

127.) as Ji, when only the upper plane of mod. e of 

6 « 

t no i ulie occurs in the Crystal, (127.) or A A, when a 
plane occurs only on the alternate angles, (128.) 

(!>) absence of a syunuctiical intermediary plane. 
( 127 .) 

iv, /), r, &c., on the modifying planes. 

<i, b, H, '!, modifying planes on the angles of the 
doubly oblique prism, and ?, of the oblique rhombic 
prism, when they cut the terminal plane parallel to a 
diagonal. (106.) 

■ft, plane a of doubly oblique prism when it cute M 
parallel to a diagonal. (106.) 

a,, the same mollification when it cuts T parallel to a 
diagonal, (106.) uml so of ,6, 6„ ,c, tv, &c. 

6„ &e., when an angle is modified by two symmetrical 
planes, as in the square prism, which cut the lateral 
planes parallel to a diagonal. (103.) 
h 

~ , when only one of such planes appears on the left 
in the Crystal. (103.) a 

when the single plane is.on the.right, (103.) 

~ r.when only one of two intermediary planes occurs 
on the right. (103.) 

I —, when, the single plane occurs on the left. (103.) 

& • 

&c., when planes occur only on the alternate 
angles or edges of the cube. (100.) / 

y I, -j*|» Wwhea flic anglesar .edges of this cube 


are modified by only one half the number of planes rc- Dcfloitiom 
quired by the law Of symmetry. (101.) ’ : ami Kxpta- 

m, h, ©. comparative lengths pf primary edges. (133.) v ljatiul ‘ s ‘ 
p, q, r, comparative lengths of edges of the delect. 

( 121 ) . 

P,a, P,6, a,b, &c., inclination of P on «, or 6, of a 
v on b, &c. (81.) 

PART I. 


VOL.'VI. 


k6’-’ 


Definitions and Explanation», 

(1.) The object of the Science ‘of- Crystallography, 
regarded as a branch of Mineralogy,.is to describe, .and 
explain the relations which subsist among the various \ 
crystalline forms of, minerals, so as to enable the Mine-V 
ralogist to determine the species of a iniqeral from the 
characters of its Crystals. . . " 

These relations will be explained by first separatingV 
tbe Crystals into groups, and then selecting one from,"? 
each group as a standard, with which the remainder of 
the group may be compared. 

(2.) The standard so selected will be termed the®M«. ; 
tnary form, and the remainder of the group secondary [ 
forms, as will be afterwards more fully cxplaiucd. 

(3.) A Crystal, in Mineralogy, is any mineral solid,' 
whether transparent or opaque, contained within natural . 
surfaces, generally plane, but', occasionally curved, and , 
symmetrically arranged. 

(4.) These surfaces, as «, 6, c, fig. 1, are called ; 
planes or faces,.anA to distinguish them from such as. '; 
arc developed by splitting a Crystal, they are called its 1 
natural planes. ‘ . • 

The plane a, and that on which the figure is supposed 
to. rest, are by Borne authors called summits; or bases, but . 
they arc more conveniently distinguished as terminal ., 
planes; the planes b and c, and those parallel to them,'. 
are lateral planes. 

(5.) Crystals'may sometimes be split in directions 
puraliei to their natural planes, and frequently in other 
directions. • ■- 'i 

The splitting a Crystal In any direction, so as to pro- ; 
duce a new plane, is termed c leaving it, find the Crystal ■'+ 
is said .to have a cleavage- in the direction in which l fyJ; 
may be bo split. . 

(6.) The 1 planes produced by cleaving a Crystal itra.% 
called its cleavage pintles. But when, a cleavage' merely 
separates adjacent Crystals, without dtviding the Crystals 
themselves, the planes then developed are termed planes / 
of composition, ■; *'f,' 

Both the natural, and cleavage planes ,of Crystals are i;' 
sometimes found todiffer in lustre and other characters - 
■ according to their position on the Crystal. . . 

(7.) An edge, os d, fig. 1, is the line produced, by 
meeting of two planes! 

'vIf the two planes which produce on edge, are those of ^ 
a primary form, the edge is termed primary, IfthcytufeMj 
-secondary, and belonging to the eame modification, 

; ‘ adije is termed secondary. Bui if an- edge, be produCe^S^ 
by the meeting, of a primary and a secondary piai»i.;0i^ 
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Crystal- of different secondary planes, it is termed an edge of 
lograyhy. combination. : 

The edges of the terminal planes, as d, e, tn, n, fig. 1, 
are terminal edges, and f g, h, produced by the meeting 
of the lateral planes, are lateral edges. 

(8.) A plane, angle, or, as it is more commonly 
termed, an angle, is formed by the meeting of any two 
lines or edges, which Hre sometimes said to contain the 
angle. , The angles doe, dog, fig. 1, are formed by 
the meeting of the lines d o, o e, and d o, o g. 

(9.) A solid angle is produced by the meeting of three 
or more planes, as at o, fig. 1., 

(10.) The measure, or, ns it is sometimes termed, the 
value of an angle, is the number of degrees, minutes, 
&c. of which it consists; these being determined by the 
portion of a circle which would be intercepted by the 
two lines formiug the angle, supposing the point of their 
meeting to be in the centre of the circle. 

For the purpose, of measuring angles the circle is 
divided into 360 equal parts, called degrees; each de-. 
groe into 60 minutes; each minute into 60 seconds; 
each second is sometimes further subdivided iuto 60 
thirds; and so on if more minute divisions be required. 
Ami tiiese divisions are thus respectively designated, 
360°, 60', GO", 60'". 

If one fourth of the circle be intercepted by the two 
lines a o,o b, fig. 3, which meet at un angle a o b in the 
ceutre, those lines arc perpendicular to each other, the 
angle they contain is 90°, and is termed a right angle* 

- If less than one fourth of the circle lie so intercepted, 
as by the lines ob,oc, the angle b o c is less than 90°, 
and is said to he acute. If it measure more than 90°, 
as it would if the angle were formed by the lines a o, 
o c, it is called obtuse- 

(11.) The planes of a Crystal are said to be similar 
when their corresponding edges arc proportional and 
their corresponding angles equal. 

(12.) Eo Iget ate similar when they are produced by 
the meeting of planes respectively similar at equal 
angles. 

(13.) singles are similar when tliey are equal, and 
contained within similar edges respectively. 

(14.) Solid angles are similar when they are com¬ 
posed of equal numbers of plane angles, of which the 
corresponding ones are similar. 

(15.) The homogeneous particles, by the regular ag¬ 
gregation of which Crystals arc conceived to be pro¬ 
duced, are termed molecules ; and these arc assumed to 
be separable, but not divisible, by splitting or otherwise 
breaking the Crystal. 

These molecules, which relate properly to the Crystal, 
must, when the crystallized mineral is not a simple body, 

• be carefully distinguished'from the elementary particles 
o>f which the mineral itself is composed. Sulphur and 
fend arc the elementary particles of galena, in which 
. tjiey are chemically unitedbut it is the molecules of 
. galena which are conceived to form the crystalline 
moss. 

(IB.) The same species of mineral Is frequently found 
crystallized in a considerable variety of forms. 

, (17.) The' term firm as it is used here, and as it will 
be employed throughout this Treatise, does not refer to 
: the actual figure of any particular Crystal, but to that 
..perfect figure which the Crystal would present if all its 
.paTts were truly proportional and symmetrical. 

, Thus one of the firms rtf the Crystals of flu ate of 
lime is,a cube, all of whose planes arc equal squares; 


but the actual figures of the Crystals which represent Definition* 
that form, are probably never contained under equal •“'* 
square planes, but under unequal rectangular ones, . llatluns - a 
•which differ also in different Crystals. u 

(18.) From among the various forms belonging to 
any species of mineral, some particular one may be 
selected from which the others might be derived in a 
manner wluch will be afterwards explained. This form 
does not, however, always occur among the natural 
Crystals of a species, but is sometimes inferred from 
cleavage or other circumstances. 

This parent Crystal has been already termed a pri¬ 
mary firm, and the others which are conceived to be 
derived from it, secondary forms. 

(19.) The selection of a figure which is to be re¬ 
garded as the primary form of n species, is in some 
degree arbitrary, as will be afterwards shown. And the 
number of different primary forms is also within certain 
limits a matter of choice. 

Tile following have been adopted in this Treatise, be¬ 
cause they apjrear toulford the most simple explanations 
of the relations of Crystals, and thus tend to facilitate 
the study of this important and interesting branch of 
Mineralogy. 

(20.) The cube, fig. 3, contained within six square 
planes. The regular tetrahedron, the regular octahedron, 
the rhombic dodecahedron, and the pentagonal dodeca¬ 
hedron, and their modifications, are secondary forms of 
the cube, and will consequently be referred to that figure 
as their primary form. 

(21.) A right prism with a square base, or square 
prism, fig. 4, in which the edge H is always greater or 
less than G The oilahrdroa with a square base, and 
its modifications, will be referred to this prism as its 
primary form. 

(22.) A right, rhombic prism, fig. 5, whose lateral 
planes M, M' are equal. These planes may be either 
square or rectangular. The octahedron with a rhombic 
base, and the right rectangular prism, with their modi¬ 
fications, are secondary forms of this prism. 

(23.) Ail oblique rhombic prism, fig. fi, whose lateral 
planes M M' are equal, oblique-angled parallelograms. 

The right oblique-angled prism and its modifications u ill 
be referred to this form. 

(24.) A doubly oblique prism, fig. 7, whose terminal 
and lateral planes are oblique-angled parallelograms. 

The only equality subsisting among these planes, is be¬ 
tween eacli pair of parallel ones. 

(25.) The rhomboid, fig. 8, a solid contained within 
six equal rhombic planes, and having two of its solid 
angles, a, b, composed of three equal and similar pluue 
angles; these are sometimes called summits. 

The regular hexagonal prism being a secondary form 
of the rhomboid, will. be referred to that figure as its 
primary form. 

(26.) The secondary forms of Crystals consist of all 
those varieties which differ from the primary, and which, 
although extremely numerous, may be arranged in a few 
geneml groups, as will appear in the sequel. 

(27.) The general group, or series of Crystals, related 
to either of the preceding primary forms, constitutes 
what is sometimes termed a system of Crystallisation. 

(28.) And a particular group, or individual series of 
Crystals, belonging to a particular mineral, to whatever 
system it inay appertain, is sometimes termed a series of 
Crystallisation. 

(29.)' A line, as ik, or p q, fig, 1, drawn through 
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Crystal. two opposite angles of any parallelogram, arid dividing 
lo^ruphy.^ jt i nto two equal parts, is called a diagonal of that 
plane. 

In the oblique rhombic prism, fig. 6, the doubly 
oblique prism, fig. 7, and the rhomboid, fig. 8. The 
line a c, which appears to lean from the spectator, is 
termed the oblique diagonal, and the line f g of the 
oblique rhombic prism, and dfot the rhomboid, tile 
horizontal diagonal. 

Tiie line d f of the doubly oblique prism may also, 
for the sake of uniformity, be termed its horizontal diago¬ 
nal ; although from the nature of the figure, that line 
must be in some degree oblique when the lateral edges 
arc perpendicular. 

(30.) The diagonal plane of a solid, as i k p q, fig. 1, 
is an imaginary plane passing through the diagonal lines 
of two parallel planes, dividing the solid into two equal 
parts. 

A diagonal plane passing through the oblique diago¬ 
nal of the oblique rhombic prism or rhomboid is termed 
the principal section of each solid. 

(31.) The axis of a Crystal is an imaginary line 
passing through the centre of the solid. 

That which also passes through the centres of the 
terminal planes of a cube or prism is termed a prismatic 
axis. 

From the regularity of figure of the cube it may be 
said to have a prismatic axis in three directions. 

That which passes through two opposite solid angles 
of a cube or prism is termed an oblique axis. 

That which passes through the centres of two lateral 
planes of a prism may he termed a horizontal axis. 

The axis of a pyramid passes through its terminal 
point and through the centre of its base. 

The axis of a rhomboid is a line passing through its 
two summits. 

The diagonals and axes of Crystals and the diagonal 
planes are frequently referred to in describing the forms 
of Crystals. 

(32.) A Crystal is said to be in position, when it is 
so placed, or held, as to permit its being the most easily 
and precisely observed and described. 

The cube rests on one of its planes, and all prisms on 
their respective bases. 

The rhomboid is supposed to be held with its axis 
vertical. 

(33.) The different primary forms stand in the fol¬ 
lowing- relations to each other. 

If wc imagine the lateral edges of the cube, fig. 3, 
to be lengthened or shortened, a square prism would bo 
produced. 

It will facilitate' our description of the relation of 
some of the primary forms to certaiu others, if we con¬ 
ceive the edges to he formed of wires, united at the 
solid angles by universal hinges or joints, and thus ren¬ 
dered movable in every direction ; and, together with 
the axis, capable of being lengthened or shortened. 

If we conceive one of the oblique axes of the cube to 
be lengthened, the resulting figure would be an acute 
rhomboid. If the axis were shortened by bringing two 
opposite solid angles nearer together, an obtuse rhomboid 
would be produced. 

If two opposite lateral edges of a square prism be 
supposed to approach each other, so as to shorten one 
of the diagonals of the terminal plane and lengthen the 
other, the resulting figure would be a right rhombic 
prism ; and if this prism were forced from its perpendi¬ 


cular in the direction of either of the diagonals of its Definitions 
terminal plane, an oblique rhombic prism would he andKxpta- 
produced. , nation*. 

And if this were again made oblique in the direction 
of a terminal edge, a doubly oblique prism would be the 
result. 

(34.) The first formation of a Crystal is supposed 
theoretically to take place by the aggregation of a few 
homogeneous molecules around a single central one, 
so as to produce a small solid precisely similar in form 
to the molecules composing it. 

(35.) Crystals so formed are conceived to increase in 
magnitude by the continual additions of lamina?, or 
plates of similar molecules to their surfaces. 

' These plater are theoretically supposed to be either 
single, that is, of the thickness of single molecules, or 
to be double, triple, &c., that is, of the thickness of two, 
three, or more molecules. 

Fig 9. represents a single plate of molecules. 

Fig. 11) represents a double plate. 

(36.) When the added plateB successively envelope 
the whole of a smaller Crystal, its original form is pre¬ 
served through every increase of ewe, as is shown in 
fig. II, representing a square prism which has increased 
in magnitude without change of form. When the addi¬ 
tions do not cover the whole surface of a primary plane, 
but there ore rows of molecules omitted on the edges,, 
or angles of the superimposed plates, such omission is 
called a decrement; because the primary form on which 
the diminished plates are successively laid, oppears to 
decrease, ns it were, on the edge or angle on which such 
omissions take place. 

(37.) Decrements are said to begin at, or to set out 
from, the particular edge or angle at which the omission 
of molecules first takes place; and to proceed along 
that plane on which the defective plates of molecules are 
laid; and they are said to take place either in breadth 
or in height. 

Decrements in breadth are those which result from 
the reduction of the superficial area of the superimposed 
plate, by the abstraction of rows of molecules from its 
edges or angles. - 

Decrements in height relate to the thickness of the 
plate from which the abstraction of rows of molecules 
takes place. 

Decrements ore divided into two principal classes, 
simple and intermediary. 

(38.) Simple decrements are those in which one or 
more rows, in breadth, are abstracted from plates of one 
or more molecules in thickness. 

Fig. 12 exhibits a simple decrement by one row in 
breadth on (he edge c d of the primary form. 

Fig. 13 exhibits a simple decrement by one row in 
breadth on .the angle c of the primary form. 

For thd sake of rendering the expression rotes of 
molecules generally applicable to decrements both on' 
the angles uud edges of a primary form, the term row 
is applied to express the single molecule first abstracted 
from the angle of any plate. 

In fig. 14 the single molecule a b is regarded as the 
Jir»t.roto to he abstracted from the angle of the imagi¬ 
nary plate; the two molecules c, d as the second row ; 
the three molecules e,f as the third row, and sp on. 

Fig. 15 shows a simple decrement by two rows m 
height on the edge c d of the primary form. ■ 

Fig. 16 shows a simple decrement by two rows in 
height on an angle of the primary form. v. 

3 l 2 - 
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Crystal- It is observable in these figures, that each successive 
K'r' , l ,,, y- plate is less by one row of molecules than the plate on 
‘ which it rests. It is by this continual recession of the 
edges of the added plates, that the Crystal appears to 
decrease on its edges or angles, and that new planes 
nre produced. The edges of the new planes which 
would be produced by the four preceding decrements, 
are shown by the lines abed , fig. 12 and 15, and by 
the lines a b c, fig. 13 and 16. 

When the numbers of molecules in height'and breadth 
are different, the nature of the decrement is expressed 
by a fraction, of which the numerator, or upper figure, 
denotes the number of molecules in breadth, and the 
denominator, or lower figure, the number in height; 
thus a decrement denoted by £ would imply an abstrac¬ 
tion of a single row from a plate of two molecules in 
thickness, and one denoted by ;} an abstraction of four 
molecules in breadth and three in height. 

(3ft.) Intermediary decrements affect only the solid 
angles of Crystals, and maybe conceived to consist in 
(lie abstraction of rows of small masses of molecules from 
the successively superimposed plates, each mass, or as it 
may he termed, compound molecule, containing- unequal 
numbers of single molecules in length, breadth, and 
height. Thus if we suppose the compound molecule 
abstracted in an intermediary decrement to belong to a 
single plate, it must consist of some other numbers of 
molecules in the directions d and e, fig. 17 and 13. 

In fig. 17 the compound molecule consists of a single 
molecule in height, two on the edge d, and three oil the 
edge c, producing the new plane a b c. 

Fig. 13 exhibits an intermediary decrement in which 
the compound molecule consists of three single mole¬ 
cules in height, four on the edge d, and two on the edge 
c, producing the new plane a 6 c. 

It may be remarked, that the planes produced by 
simple decrements intersect one or moie of the primary 
planes in lines parallel to olio of their edges nr diagonals. 
The term intermediary has been used, because the line 
at which the secondary plane thus produced intersects a 
primary plane, is never parallel to either an edge or 
diagonal of that plane, but is an intermediate line be¬ 
tween them, as may be observed by comparing the 
figures. 

(-10.) The new planes produced by decrements are 
denominated modifying or secondary planes, and the 
primary form, when altered in shape by (lie intcrfeienee 
of Mich planes, is said to be modified on the. edges or 
angles on which they have been produced. And such 
edges or angles are also said to be replaced by the 
secondary planes. 

(11.) Tin* law of a decrement, or, ns it is some¬ 
times expressed, of a plane, is a term used to denote the 
numbeis of molecules in height and breadth ahsti acted 
from each of the superimposed plates, in the production 
of such plane. * 

(42.) It is evident from an inspection of the pre¬ 
ceding figures that the effect of any decrement upon 
the primary form is similar to that which would lake 
place if the enlarged Crystal lmd been first completed, 
and then the whole of the omitted molecules removed 
from it hi one mass. 

This mass, being* all the addition to the secondary 
‘firm which would lie required to complete the primary, 
will be termed the defect of the primary form., And it 
is obvious from the preceding figures that the primary 
edges of this defect must be composed of edges of mole¬ 


cules respectively proportional to the numbers which Of the Co- 
express the law of decrement. imuneu r. 

Thus in fig. 13 each edge of the defect would consist '■v—“' 

of the edges of three molecules, and these being re¬ 
spectively divided by 3 correspond to a decrement by 
one row. 

The edge of the defeet of fig. 15 corresponding to the 
lateral edge of the prism must consist of four molecules, 
and the edge corresponding to the terminal edge of the 
prism of two molecules ; which numbers agree with the 
law of decrement, the proportion of 4 to 2 being the 
same as that of 2 to 1. 

This theory of decrements, as it will be afterwards 
seen, is introduced for the purpose of rendering the 
explanations of the manner in which the secondary 
forms of Crystals may be conceived to be .produced 
more distinct. 

(43.) When an edge, or solid angle, is replaced by 
one plane, it is said to be truncated. When an edge is 
replaced by two planes, which respectively incline on 
the adjacent primary planes at equal angles, it is be¬ 
velled. 

(44.) If any secondary plane replacing an edge, and 
being parallel to it, incline equally on the two adjacent 
primary planes, or if replacing a solid angle, it. incline 
equally on all the adjacent primary planes, it is called a 
tangent plane. 

Of the. Goniometer. 

(45 ) The instruments u*,ed for measuring the angles 
at which the planes of Crystals incline to each other, are 
called Goniometers. 

(46.) Tile mutual inclination of any two plants, as 
of a and b, fig. Ift, is indicated by the angle formed by 
two lines c d, ef drawn upon them from any point e. 
on the edge at which they meet, and perpendicular to 
that edge. 

Now it is known that if two right lines, as q j\ d h , 
fig. 20, cross each other at any point e, the opposite angles 
il e f g r. k arc equal. 

If, therefore, the lines gf tl/t are supposed to !><; 
very thin and narrow plates, and to be attached together 
by a pin at e, serving as an axis to permit 1 lie point fin 
be brought nearer either to d, or to h ; and that the 
edges e d, ef of those plates, are applied to the plains 
of the Crystal, fig. 1ft, so us to rest upon the hues •' d, ef 
it is obvious that the angle g c h of the movable plates 
would be exactly equal to the. angle def of the Crjstal. 

(17.) The comtnon Goniometer is a small instrument 
for measuring this angle g c. h of the movable plates. 

It consists of a semicircle, fig. 22, divided into 300 equal 
parts, or' half degrees, aud a pair of movable arms 
d h, gf fig. 21. The semicircle having a pin at i, 
which fits into a hole in ilie movable arms at e. 

The method of using this instrument is, to apply the 
edges d e, ef of the movable arms to the two adjacent 
planes of any Crystal, so that they shall accurately touch 
or resi upon those planes in directions perpendicular to 
their edge. The arm d h is then to be laid on the 
plate hi n of the semicircle, fig. 22, the hole at c being 
suffered to drop on the pin at i, and the edge nearest to 
h of the arm g e will then indicate on the semicircle, as 
in fig. 23, the number of degrees which the measured 
angle contains. 

When this instrument is applied to the planes of a 
Crystal, the points d and f fig. 21, should be previously 
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Lrouglit sufficiently near together for the edges d e, cf 
to form a more acute angle than that about to be mea¬ 
sured. The edges being then gently pressed upon the 
Crystal, the points d and f will be gradually separated, 
until the edges coincide so accurately with the plunes 
that no light can he perceived between them. 

The common Goniometer is, however, incapable of 
affording vfry precise results, owing to the occasional 
imperfection of the planes of Crystals, their frequent 
minuteness, and the difficulty of applying the instrument 
with the requisite degree of precision. 

(4S.) The more perfect instrument, and one of the 
highest value to Crystallography, is the reflective Gonio¬ 
meter, invented by Dr. Wollaston, which will give the 
inclination of planes whose area is less than ceshnn *>f 
an inch, to less than a minute of a degree. 

This instrument lias been less resorted to than 
might, from its importance to the Science, have been 
expected, owing, perhaps, to an opinion of its use being 
attended with some difficulty. Hut the observance of a 
lew simple rules will render its application easy. 

The principle of the instrument may be thus ex¬ 
plained. 

Let a b c, fig. 21, represent a Crystal, of which one 
plane only is visible in the figure, attached to a circle, 
graduated on its edge, and movable ou its axis at o ; 
uml let a mid b mark the position of the two planes 
whose mutual inclination.is required. 

And let the lines o *>, o g, represent imaginary lines 
resting on those planes in directions perpendicular to 
their common edge, and the dots at i and h to be some 
permanent marks in a line with the centre o. 

Lit the circle he in such a position that the line o c 
would pass through the dot at li, if extended in that 
direction, as in tig. 21. 

If the circle now he turned round with its attached 
Crystal, as in fig. 25, until the imaginary line o g is 
brought into the position of the line o c in fig. 24, the 
number 120 will stand opposite the dot at t. 

This is the number of degrees at which the planes a 
and /> incline to each other. For if the line o g be ex¬ 
tended in the direction o i, as ill fig. 25, it is obvious 
that the lines o «*, o i, which are perpendicular to tile 
common edge of the planes a and b, would intercept 
exactly 120° of the circle. 

Hence an instrument constructed upon the principle 
of these diagrams, is capable of giving with accuracy 
the mutual inclination of any two planes which reflect 
objects with sufficient distinctness, if the means can be 
found for placing them successively in the relative po 
silions shown in the two preceding figures. 

(•ID.) This purpose is effected by causing an object, 
as the line at m, fig. 26, to he reflected successively from 
the two planes a and b, at the same angle. 

It is well known that the images of objects are reflected 
from bright planes at the same angle as that at which 
their rays fall on those planes; and that when the image 
of au object reflected from a horizontal plane is observed, 
it appears ns much below the reflecting surface as the 
object itself is above it. 

If therefore the planes a and 6, tig. 26, are success¬ 
ively brought into such positions, as will cause the 
reflection of the line ul m, from each plane, to appear to 
coincide with another line at •//, both planes will be suc¬ 
cessively placed in the relative positions of the corre¬ 
sponding planes in fig. 24 and 25. 

To bring the planes of any Crystal successively into 


these relative positions, the following directions will be Of the Go- 
found useful. uiometvr. 

(50.) The instrument, us shown in the sketch, fig. 27, V—' 

should be first placed on a pyramidal stand, and the 
staud on a small steady table, about six to ten or tvvVlve 
feet from a flat window. 

The graduated circular plate should stand perpendi¬ 
cularly from the window, the pin .c being horizontal, 
not in the direction of the axis as it is usually figured, 
but with the slit end nearest to the eye. 

Place the Crystal which is to be measured ou the ■ 
table, resting on one of the two planes whose inclina¬ 
tion is required, and with the edge at which those planes 
meet, nearest and parallel to the window. 

Attach a portion of wax, about the size of d, to one 
side of a small brass plate c, fig. 2S; lay the plate ou the 
table with the edge f parallel to the window, tin; side to 
which the wax is attached being- uppermost, mid press 
the end of the wax against the Crystal until it adheres ; 
thou lift tlie plate with its attached Ciystal, and place it 
in the slit ofthepiu ,c, with that side uppermost which 
rested on the table. 

Bring the eye now so near the Crystal as, without 
perceiving the Crystal itself, to permit the images of 
objects reflected from its planes to be distinctly ob¬ 
served, and raise or lower that end of the pin .c which 
has the small circular plate on it, until one of the hori¬ 
zontal upper bars of the window is seen reflected from 
the upper or first plane of the Crystal, corresponding 
with plane a, fig. 21, and until the image of the bar 
appears to touch some line below the window, ns the 
edge of the skirting board where it joins the floor. 

Turn the piu-w on its own axis also, if necessary, 
until the reflected image of the bar of (he window coin¬ 
cides accurately with the observed line below the 
window. 

Turn now the small circular handle a on its axis, 
until the same bar of the window appears reflected from 
the second plane of the Crystal corresponding widi plane. 
b, fig. 24 and 25, and until it appears to toucli the line 
below ; and having, in adjusting ihejirst plane, turned 
the pin x on if* a vis to bring the reflected iinuge of the. 
bar of the window to coincide accurately with the line 
below, now move the lower end of the ]>in laterally, 
either towards or from the instrument, in order to make 
the image of the same bar, reflected from the second 
plane, coincide with the same line below. 

Having ascertained by repeatedly looking at and 
adjusting both planes, that the image of the horizontal 
bar, reflected successively from each, coincides with the 
observed lower line, (he Cryslul may tie considered ready 
l'or measurement. 

Let the 180° on the graduated circle be nmv brought 
opposite the 0 of the vernier at e, by turning the handle 
6,- and while the circle is retained accurately in this 
position, bring the reflected image of (lit* bar from the 
first plane to coincide with the line belov", by turning 
the small, circular bundle a. Now turn the graduated 
circle, by means of the handle b, until the image of (he 
bar reflected from the second plane is also obseivcd to 
coincide with the same line below. In this slate of the 
instrument, the vernier at c will indicate the degrees and 
minutes at which the two planes incline to each other. 

The accuracy of the measurements taken with this 
instrument will depend upon the precision with which 
the image of the bar reflected successively from both 
planes is made 'o appear to coincide vvitlt the same lino 
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Crystal- below: and also upon the 0, or the ISO 0 , on the grn- 
lugraphy. dilated circle, being; made to stand precisely even with the 
lower line of the vernier when the first plane of the 
Crystal is adjusted for measurement. 

A wire being- placed horizontally between two upper 
bars of the window, and a black line of the same thick¬ 
ness being; drawn parallel to it below the window, will 
contribute to the exactness of the measurement, by 
being used instead of the bar of the window and any 
other line. 

Persons beginning to use this instrument, are recom¬ 
mended to apply it first to the measurement of frag¬ 
ments at least as large ns that represented in fig. 28, 
and of some substance whose planes are bright. Crystals 
of carbonate of lime will supply good fragments for this 
purpose, if they are merely broken by a slight blow of 
a small hammer. 

For accurate measurement, however, the fragments 
ought not, when the planes nre bright, to exceed the 
size of that shown in fig. 27. And they ought to be so 
placed on the instrument, that a line passing through 
its axis should also pass through the centre of the mi¬ 
nute fragment which is to be measured. This position 
on the instrument ought also to be attended to when the 
fragments or Crystals are large. In which case the com¬ 
mon edge of the two planes whose inclination is required, 
should be brought very nearly to coincide with the axis 
of the Goniometer; mi l it is-tiequently useful to blacken 
the whole of the planes to be measured, except a narrow 
stripe on each close to the edge over which the measure¬ 
ment is to be taken. 

Of the Origin and Progress of Crystallography, and of 

the, different Systtms which, have been formed for 

trplaining the Relations of Primary and Secondary 

Forms. 

(51.) It does not appear that this Science was even known 
to the Ancients, or that the few crystalline forms with 
which they were acquainted were otherwise regarded by 
them than as mere accidental figures. 

Linnams was the first who bestowed any particular 
attention upon this subject. . 

Among the numerous observed fohns of Crystals, 
there are some which belong only to particular minerals, 
arid others which are common to different species. Thus 
the cube occurs as a form of fluate of liinc and of galena. 
The regular octahedron as that of alum, the diamond, 
and tiie ruby. 

Observing that the form of the octnhedron was com¬ 
mon to the diamond and to alum, Linmcus conceived 
that the salts were in some manner the generators of 
the forms of Crystals, and that a mineral which agreed 
with a salt in its form, might in regard to form be con¬ 
sidered a subspecies of that salt, lienee the diamond 
w»s denominated alum diamond, and a remote analogy 
.was imagined to exist between his systems of Crystallo¬ 
graphy and Botany. 

This author appears to be the first who published 
figures ofCrystals.andheis regarded by II atiy, from whom 
we have extracted many of these preliminary observa¬ 
tions, as the founder of the Science of Crystallography. 

This title is, however, more justly due to ilomd de 
l’lsle, who made the first extensive collection of Crys¬ 
tals, and was the first to arrange together those belong¬ 
ing to each known species of mineral; and having se¬ 
lected from each group so arranged some simple figure, 
aa the fundamental or derivative form from which the 


remainder might be produced by rutting away its edges Of the 
and angles, he reduced all the forms belonging to each Origin and 
set into a connected series; and he thus exhibited for j^stal- 
the first time an outline of the. relations of crystalline logrnphy. 
forms to each other. 

He also published figures of the Crystals lie had ob¬ 
served, with the measurements of many of their angles, 
from which it appeared that the corresponding planes 
on all the Crystals belonging to the same species of 
mineral, inclined to each other at the same angle ; this, 
it is evident, was an important step in the progress of 
the Science of which we are about to treat. 

As the subject was new in his hands, the labour of 
arranging ami analyzing all the forms lie" had observed, 
and measuring their angles, must have been very con¬ 
siderable. The want, however, of instruments well 
adapted to measure the angles of Crystals with accu¬ 
racy, exposed him, as might have been expected, to 
numerous errors, which have been corrected by later 
observations. 

Werner, to whore persevering industry Mineralogy is 
so much indebted, also invented a method of describing 
Crystals by reference to certain fundamental forms. 

ilis method, however, although it might bo. applied to 
simple and regular figures, will he found too cumbrous 
for the description of such ns nre contained under nu¬ 
merous planes. Wc may refer such of our readers as 
desire to know more of this nearly obsolete system to 
Broehant’s Trade Elementairc de. Minerahgie, Paris, 

1808.; or to tlie second edition of Professor Jameson's 
Mineralogy. 

The preceding methods, it may be observed, are 
merely descriptive, and relate simply to the forms of 
Crystals, without reference to any theory of structure, or 
to any laws by which the relations of the observed 
varieties of form might be explained. No attempt is 
made to ascertain the cause of the constancy of the 
angles of inclination of corresponding planes of Crystals 
belonging to the sume mineral, nor do these methods 
provide any means of determining, a priori, the forms 
under which any species of mineral may present itself, 
from a knowledge of its simple fundamental Crystal. 

(52.) Bergman was the first who attempted to 
penetrate into the interior structure of Crystals, and 
to refer their observed variations of form to the super¬ 
position or plates of crystalline matter upon the planes 
of a fundamental solid; these plates being sometimes 
constant in figure, and sometimes variable. 

This theory was supported by the fractures of one of 
the Crystals of carbonate of lime, known in this Country 
by the name of dog-tooth spar, contained within twelve 
scalene triangular planes, and forming a bi-pyramidal 
figure. One of these Crystals may be easily split so as 
to exhibit only the six planes of a rhomboid, which was 
in theory conceived by Bergman to represent the nu¬ 
cleus, or basis, upon which the twelve-sided figure had 
been constructed. But Bergman did not pursue the 
inquiry upon which he had thus successfully entered. 

He neither determined the nature of his crystalline 
plates, nor the forms of the particles of which they might 
be conceived to be composed, nor the laws connected 
with their variable character. 

Nearly at the time, however, that Bergman was en¬ 
gaged in these researches, Crystallography occupied 
the zealous attention of Hauy, whose investigations em¬ 
braced the forms and dimensions of the molecules of 
which these plates might be composed, and who was 
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Crystal- thus led to a strict demonstration of the laws which 
lugrajihy. In inr(,j govern their arrangement; and thus for the first 
time Crystallography assumed the character of a regular 
Science. 

His theory is founded upon a supposition that all the 
crystalline forms which are presented by any single 
species of mineral, and which are known sometimes to 
be numerous, are related to some simple tbrm, which 
may be regarded as a general type of all the known 
Crystals belonging to the species. 

This simple form is conceived to be composed of par¬ 
ticles either similar in figure to itself, or bearing some 
known and constant relation to that figure. It is also 
supposed to be contained, as an inscribed solid, within 
nil the Crystals which differ from it in external figure, 
and the observed differences of external figure are sup¬ 
posed to depend upon the laws according to which the 
added particles arrange themselves about the contained 
solid. 

To render this theory consistent w ith the observed 
facts, it is obvious that the form which is adopted as the 
type of the species should not be. chosen arbitrarily, and 
that the assumed laws of arrangement of the envelop¬ 
ing particles should be capable of precise and rigorous 
demonstration. 

The. method adopted by Hatty to develope this type 
or fundamental form, was by splitting or cleaving the 
Crystal, and he was induced from the following consi¬ 
derations to conclude, that this fundamental form might 
always he so derived. 

A Crystal of carbonate of lime presenting the form of 
a regular hexagonal prism, hail been broken from a 
group of similar prisms. On examining it he observed 
that the tinctured surface exposed by its detachment 
from the group was a bright plane, and on more nar¬ 
rowly inspecting this fracture he observed that a termi¬ 
nal edge of the prism had been removed by it. 

On perceiving this, he. attempted to remove all the 
terminal edges by analogous tinctures, but he found 
that only the alternate three of the six edges which ter¬ 
minate a prism of that form, could Lie so displaced. 

The fig. 29 exhibits the directions of the three cleavage 
planes at each extremity of the prism ; the three below 
being severally parallel to the three above. 

By continuing to cleave this Crystal paiallel to all the 
newly developed planes, the faces of the hexagonal 
prism were observed successively to disappear, arid 
when they were at length entirely removed, a new solid 
remained which was an obtuse rhqpilmid. 

The fig. 30 exhibits the rhomboid in the interior of 
the hexagonal prism. 

The idea which this fact suggested to Hatty's mind 
Was, that all the Crystals of carbonate of lime, whatever 
might, be their external form, might possibly contain 
similar rhomboids; yet it was difficult at first to con¬ 
ceive how this particular solid should he the nucleus of 
more acute and more obtuse rhomboids which occur 
among the Crystals of this substance. 

Experiment, however, proved, that this particular 
rhomboid did exist in a .symmetrical position in each of 
those forms which differed from it externally; the only 
point to be attended to in developing the nucleus being 
the direction: of the necessary cleavage. This may ge¬ 
nerally be perceived by looking through the Crystal 
when exposed to a strong light; or it maybe ascer¬ 
tained by slightly fracturing a terminal edge or angle. 
Hatty states, that all other mineral substances, when 


submitted to inechanieal division, have afforded onalo- Of the 
gous proofs of the generality of this result; n state- Origiuand 
merit however not strictly correct, as there are several Progr*** of 
minerals which do not admit of being cleaved into te^u- 
lar solids, and others from which two or mote different v 0 ^” 1 ' y '. 
solids may be obtained by cleavage. Y_ * 1 ' 

The forms of the solids thus obtained by mechanical 
division he terms primitive , upon the supposition of 
their corresponding in figure with the original minute 
solid upon which the Crystal was first formed. 

But the production in taany instances of several 
solids from the same Crystal by cleavage, and the im¬ 
possibility in Olliers of producing any solid by that pro¬ 
cess; the inconsistency of 'admitting several primitive 
forms of the same mineral, and the impossibility of pro¬ 
ducing any such primitive form when there arc not 
cleavages in at least three directions; have induced us 
to abandon altogether the notion of a primitive solid, 
and to distinguish this original or parent figure by the 
term primary form, denoting simply its relative cha¬ 
racter to the secondary forms derived from it. 

Front the mechanical division to which many Crystals 
may be subjected, Hatty was led to the conclusion that 
every Crystal was from its centre to its surface an 
assemblage of molecules symmetrically disposed ; and 
although his views of its structure regarded a certain 
portion of its mass as an imaginary nucleus, or elemen¬ 
tary solid, upon which subsequent increments had taken 
place, the existence of this nucleus is ar.su died only as a 
theoretic basis for calculating and demonstrating the 
laws according to which all the varieties of crystalline 
forms related to it might be produced. 

Hatty’s theory next supposes that nature has set 
limits to the angles at. which the primary planes of 
Crystals incline to each other ; a supposition which docs 
not appear to be supported by a single fact. The cir¬ 
cumstance which led hitn to this conjecture was mi in¬ 
accurate measurement of the Crystal of carbonate of 
lime, which afforded flic tiist clue to his theory of the 
structure of Crystals ; au iuaecuraacy occasioned by the 
unfitness of the instrument he employed to measure 
Crystals with exactness. 

We have not in this Treatise followed Ilaiiy in class¬ 
ing and nab ling Crystals, but have adopted and gene¬ 
ralized a method of description first introduced by 
Bouillon. 

By a reference to any of his descriptions of minerals 
in the Transactions of the (Urological Society, or to Ilou'r- 
tion’s Treatise on Carbonate of Lime, it will be seen that 
lie has arranged and numbered all those individual modi 
filiations of tlip primary form of the mineral described, 
which had been found to occur among its secondary ■ 
forms. Our proceeding has been to reduce into classes 
in the tables of modifications not only all the observed 
modifications of Crystals, but all the modifications of 
which each particular primary form is susceptible while 
injlucnced by the laws of symmetry. Thus presenting 
to the reader not merely the series of known forms, hut 
tile entire system of possible forms which can result 
from regular Crystallization; and hence every new form 
which may be discovered, if it be conform;!h'c to those 
laws, will be found among those presented by our 
tables. 

(53.) Within a few years two new systems of Crys- 
tallogruphy have been produced in Germany, tine by 
Professor Weiss, and the ether by Professor Mohs, now 
of Vienna. 
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These systems differ from each other in'notation and 
in some other points, but they agree in using the axes 
of Crystals to express the relations of the secondary to 
the primary forms. 

The following statement exhibits tlife relations of the 
four systems of primitive forms of Professor Mohs 
to our classes of primary forms. 

Mohs’s systems consists of the 

1. The rhombohcdral...... rhomboid. 

2. The pyramidal.square prism. 

f right rhombic "I 

3. The prismatic.< oblique rhombic > prisms. 

[doubly oblique J 

4. The tessular ..... .... .cube. 

The reader who may be desirous of seeing more of 
this very uninviting system, both in notation and nomen¬ 
clature, will find it developed in a Work on Miueralogy 
published in this Country by Mr. Haidinger, au able 
and intelligent pupil of Mohs. 


when that is the predominating, and in his view, the 
primitive form, is constituted of tetrahedral Molecules 
ami octahedral spaces. 

The rhombic dodecahedron may be cleaved into obtuse 
rhomboids, obtuse octahedrons, and irregular tetrahe¬ 
drons, as will be shown in the section on cleavage. Of 
these, Haiiy has selected the irregular tetrahedron for 
the Molecule of the dodecahedron, and has supposed 
that the decrements on this form are produced by the 
abstraction, not of single Molecules, but of several of 
these combined in the figure of those obtuse rhomboids 
which are produced from it by cleavage. 

The very complicated view of the structure of the 
octahedron and dodecahedron, which Hatty has thus 
introduced into his theory of Crystals, and the ap¬ 
parent improbability that the Molecules of the cube, 
the regular octahedron, tetrahedron, and dodecahedron, 
among whose primary and secondary ibrins so perfect 
an indentity subsists, should really diHer from each 
other, have induced us to conclude that they are similar, 
and that the common Molecule is a cube. 



(53.) This theory of cubic Molecules may be recon - 
Of (he Molecules of Crystals. died with the cleavages which take place parallel to the 

primary planes of tile tetrahedron, the octahedron, and 
('>-•.) The Molecules which arc aggregated together the rhombic dodecahedron, as well as to those of the cube, 
in the production of Crystals, arc, as already stated, by supposing the Molecules capable of being held to- 
conceived to be minute homogeneous solids contained gather with different degrees of attractive force in differ- 
within symmetrically-disposed plane surfaces. And they ent directions. When this attraction is least in a direc- 
aro also supposed to differ in figure in the different tion perpendicular to the planes of the Molecules, they 
classes of primary forms. - will be most easily separated at their surfaces by 

(55.) If we attempt to fracture a piece of galena, cleavage, 

it will split into rectangular fragments. But as the pri- When tlie attraction is least in the direction of the 

mary Crystal of galena is a cube, it is assumed, that if oblique axis of the Molecules, they will be the most 

the rectangular fragments could be reduced to single easily separated in that direction, and the octahedron or 

Molecules, those Molecules would be cubes. tetrahedron will be the result of cleavage. 

(56.) If a Crystal of carbonate of lime be reduced to And if the attraction be least in the direction of their 
fragments, it is found that their planes, however minute, diagonal planes, a rhombic dodecahedron will be the 
incline to each other at angles respectively equal to those solid produced by cleavage. 

of the primary rhomboid. It is therefore inferred that This supposition of a greater or less degree of mole- 
thc Molecule of carbonate of lime is a minute rhomboid, cular'attraction in one direction of the Molecule than 

similar to the primary form. in another, is not inconsistent with many well-known 

(57.) The primary form of sulphate of barytes has facts in Crystallography; aud it is possible to conceive 
been ascertained from cleavage, and from its secondary that the nature, the number, and the particular forms of 
planes, to be a right rhombic prism. This .prism may the elementary particles, which enter into the composi¬ 
te split into smaller right rhombic prisms, whose angles lion of these three kinds of cubic Molecules, may so vary, 
are respectively equal to those of the primary Crystal, as to produce the variety of character which is here sup- 
Jt is therefore supposed that the primary Crystal and posed to exist. 

the Molecules of this substance are similar prisms. The primary form both of corundum and of carbonate 

Some other classes of parallelopipeds may also be of lime is a rhomboid; and the Crystals of these sub¬ 
split into fragments, resembling in their angular mea- stances may be cleavfed parallel to their primary planes, 
surement the primary solids from which they have been the carbonate of lime yielding much more readily to 
detached, and it is hence inferred generally that the pri- cleavage than the corundum. But the corundum has 
mary forms and their respective Molecules are similar also a cleavage perpendicular to its axis, which docs not 
solids. exist in carbonate of lime, and which would expose the 

(58.) In several instances, however, cleavage doe3 terminal solid angles of the contiguous Molecules. It 

not produce this primary solid. may therefore be inferred from this transverse cleavage 

A cube of lluate of lime, for example, does not yield that the molecular attraction is comparatively less in the 
that figure by cleaVagc, but, as will be shown in the direction of the axis of the Molecules of corundum, than 
section on cleavage, it will split into regular octahedrons, it is in those of carbonate of lime. And from the 
or tetrahedrons, or rhomboids whose plane angles are. greater adhesion of the planes of corundum, than of 
60° and 120°. those of carbonate of lime, it is inferred that the attrae- 

Hnfly has assumed the octahedron as the primitive tion is comparatively greater between the planes of the 
form of this mineral, and has regarded the tetrahedron Molecules of*the corundum, than between those of car- 
as the Molecule of the octahedral Crystal, upon which bonate of lime. 

supposition the octahedron must be composed of tetra- While, however, we thus attempt to reason concerning 
hcdral solids united by their points, leaving octahedral Molecules, it must not be forgotten that the whole 
spaces; and he has also supposed that the tetrahedron, theory of decrements and Molecules is to be regarded 
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I CryM.'il- only as the foundation of a method of demonstrating the 
ljHrayhy. relations of Crystals, and of constructing descriptive 
characters, by which those relations may be expressed. 

It must also be admitted that we-possess no certain 
knowledge relative to the figures of the ultimate par¬ 
ticles of matter. They have been supposed by some to 
be minute spheres or spheroids, but whether they are 
plane or curvilinear solids, they present anomalies when 
in particular stales of combination which have not been 
hitherto explained. 

The crystalline form of native silver is a cube, and 
its Molecules are therefore supposed to be cubes. 

The natural crystalline forms of sulphur may be re¬ 
ferred to a right rhombic prism as the primary, anil 
which is therefore assumed to be the form of the Mole¬ 
cules. Yet the form of the compound of sulphur and 
silver is a cube. 

Now whether the Molecules be possessed of plane or 
curved surfaces, it is difficult to suppose that the cube 
of silver and the rhombic prism of sulphur should both 
be composed of Molecules which are similar in form. 
And if they are uot similar, it is equally difficult to 
account for the compound of silver and sulphur assum¬ 
ing the form of a cube. 

We have in the two crystalline forms of iron pyrites 
(composed of iron and sulphur) an example of a cube 
and a right rhombic prism being both produced by the 
same chemical compound ; and it is also found that sul¬ 
phur itself will assume two different forms, according to 
the circumstances under which the Crystallization takes 
place. The cause, however, of this dimorphous character 
of some substances is not at all understood. 

Of the Structure of Crystals. 

(fiO.) It has been already staled that Crystals are. 
conceived to increase in magnitude by tile continual 
addition of plates of molecules to their surfaces! 

The Structure of Crystals, or the order in which these 
molecules are arranged, may be illustrated by an ex¬ 
periment with common salt. If a portion of this salt 
be dissolved in water, and the water be ullowed to eva¬ 
porate slowly, rectangular Crystals will be deposited on 
the sides and bottom of the vessel. These will at first 
be very minute, but they will increase in size as the 
evaporation proceeds; and if the quantity of salt dis¬ 
solved lie sufficient, they will at length attain a con¬ 
siderable magnitude. . 

' J f the edge of a knife be applied to the surface of any 
one of these Crystals in a direction parallel to one of its 
edges, as at a h, fig. 32, the Crystal may, by a .slight 
blow, lie cleaved parallel to one of its sides. 

If a knife be applied in the same manner successively 
to the other lines c d, ef, g h, and to the other surfaces 
of,‘the Crystal, so that its edge be parallel in each in¬ 
stance to the edge of the Crystal, it wilt be found that 
there are cleavages parallel to all the planes of the rect¬ 
angular solid ; and the plates which have been removed 
by these cleavages may be also subdivided into smaller 
solids of the same character. 

It is hence inferred that the molecules of Crystals are 
so arranged as to form plates in the direction of all the 
primary planes, as shown in fig. 11. And that in com¬ 
mon salt the molecular attraction is least between the 
surfaces of the molecules. 

This regular Structure is supposed to belong to all 
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regularly,crystallized bodies, although in many instances Of 
it cannot be manifested by cleavage. Cleavage* 

(01.) It frequently happens that the regular Crystal. v - * v — ; 
fixation of bodies has been prevented by some disturbing 
cause which has interfered with that orderly arrange! 
ment of the molecules necessary to the constitution*of 
perfect crystalline structure; in this case the crystalline 
mass will be curved or otherwise irregular, or Iroin the 
minuteness of tfie separate Crystals and their variety of 
position it may present a granular character. This 
granular character would be produced it the solution 
we have supposed of common salt were rapidly evapo¬ 
rated and suddenly cooled. 

Of Cleavage. 

(62.) The Cleavage of Crystals is sometimes an im¬ 
portant lnincralogical character. 

'Hie direction in which the Cleavage of a Crystal lies 
may frequently be perceived by turning the Crystal 
round in a strong fight, although it cannot be readily 
cleaved in that direction. 

(63.) When a Crystal may be cleaved parallel to the 
primary planes, and also in other directions, it is said to 
have two or more sets of Cleavages. Those which are 
parallel to the planes of the primary form, are called the 
primary set. and those whicli are not parallel to those 
planes, are. termed supernumerary sets. 

. The oxide of tin, described by Mr. Phillips in the 
Geological Transactions, has three sets of cleavages; 
one parallel to the planes of an obtuse octahedron with 
a square base, and two others perpendicular to that base 
and parallel to its edges and diagonals. 

Different specimens of the same substance will occa¬ 
sionally yield to the knife or hammer with dilferent 
degrees of facility; and even carbonate of lime, which 
in general splits with ease and regularity, will some¬ 
times present a couehoidal fracture. 

(fit.) Some practice is necessary in order to cleave 
minerals neatly, and some little experience in the choice 
of the instruments to be used. 

In many instances, the mineral being placed on a 
small anvil of iron or lead* a blow with a hammer will 
be sufficient for dividing it in the direction of its cleav¬ 
age planes ; and sometimes u knife or small chisel may 
be applied in the direction of those planes, and pressed 
with the hand, or struck with a light hammer, or the 
Crystal may be held in the hand, and split with a sinuit 
knife ; or it may he split by means of a pair of small 
cutting pincers with parallel edges; and a small short 
chisel, fixed with its edge outward in a block of wood, 
is sometimes a convenient instrument for resting the 
mineral to be cleaved upon. 

(65.) When’all the planes of a primary form are 
similar, as those of the cube and rhomboid, the primary 
Cleavages may be effected with equal facility in all 
directions, and the cleavage planes arc all similar in 
lustre and general character. This tnay be illustrated 
by cleaving galena and carbonate of lime. 

But where the planes of a primary form are not all 
similar, as in all prisms, the primary Cleavages are rarely 
effected with equal facility in the directions of the dis¬ 
similar planes,.nor do the cleavage planes agree in their 
general characters. Hence the cleavage planes of a 
mineral may occasionally prove that it does not belong 
to a particular class of primary forms, although the 
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Crystal- Cleavage alone is not, in all cases, sufficient to determine 
lograpliy. w hat the primary form really is. 

Felspar, kyanite, and sulphate of lime, afford in¬ 
stances of the greater facility with which a Cleavage 
takes place in one or two directions than in any other. 

(66.) There are among minerals some substances 
which yield readily to mechanical division iit one or two 
directions, but do not admit of distinct Cleavage in a 
third direction, so as to produce nn entire solid. 

This circumstance has introduced into Mineralogy the 
terms single, double, triple, quadruple , and sextuple 
Cleavage, which are not to be confounded with the 
primary and supernumerary sets of Cleavages before 
alluded to. 

When a mineral can be split in only one direction, 
the Cleavage is said to he single ; when in two directions, 
which may be conceived to give four sides of a prism, it 
has a double Cleavage ; when there is a Cleavage in three 
directions, such as to produce a solid bounded by six 
planes, which are parallel when taken two and two, it 
is termed a triple Cleavage. 

A quadruple Cleavage, or‘one in four directions, will 
produce a tetrahedron, an octahedron, or an entire hex¬ 
agonal prism. 

The rhombic dodecahedron being contained within 
six pairs of'parallel planes' lying in different directions. 
Is produced by a sextuple Cleavage. 

Supernumerary Cleavages either alone, or combined 
with the primary, may produce solids contained under 
greater numbers of planes. 

In the preceding sections on molecules and structure, 
some of the results of Cleavage have been noticed. The 
subject, however, requires to be further illustrated. 

(67.) A cube of iluatc of lime does not split in direc¬ 
tions parallel to its planes as galena does, but splits ob¬ 
liquely. Let fig. 33 represent a cube of this mineral. 

If the edge of a knife be applied to the diagonal line 
a b of this cube, and the knife inclined in the direction 
of e, the solid angle, a bee may be removed. 

if the edge of the knife be again applied to the same 
line a b, and struck in the direction of f, another solid 
angle abfd may be removed, and applying the knife 
in the direction of the line c d, two other solid angles 
a and b may be detached. 

The new solid produced by these Cleavages is repre¬ 
sented by fig. 31. 

If the knife be applied successively to the lines if:, 
kl, l ni, m i , fig. 34, ami struck in the direction of n, 
the remaining solid angles of the cube may be removed, 
and the regular octahedron iklmno will be produced. 

It is apparent that the solid angles of this octahedron 
must touch the middle points of the planes of the cube, 
its position in which is shown by fig. 35. 

This octahedron may be further cleaved in a direction 
parallel to its own plaucs. 

If it be cleaved parallel to six only of its planes, 
omitting any two parallel ones, and the Cleavage be con¬ 
tinued. until only the central points of the two parallel 
ones remain, a figure of six sides will be produced. 

This figure is a rhomboid whose plane angles are 
60° and 120°. 

Fig. 36 shows the position of this rhomboid in the 
octahedron, from which it is evident that the Cleavage 
which produces it must be continued as far as the lines 
s' k, lm,n o, and to those which are parallel to them on 
Uis opposite plane, 


Fig. 37 exhibits the same rhomboid separately, and Of 
it may be regarded as an octahedron with two of its Cleavage, 
planes covered by small tetrahedrons, pfr s and lux. 

These tetrahedrons are supposed to consist of masses 
of cubic molecules, and by their removal, as in fig. 38, 
a perfect octahedron will be reproduced. 

If ah octahedron be cleaved parallel to any four 
alternate, planes, fig. 39, the Cleavage be continued 
until only the central points of the other lour planes 
remain, a regular tetrahedron will be produced, as shown 
by the interior lines. 

The tetrahedron thus obtained, fig. 40, may be 
regarded as an octahedron, four of whose planes are 
concealed, or covered by smaller tetrahedrons, p q r s, 
p qut, u q x v, q x r y, and by the removal of these 
it may be reduced to a perfect qctahedron. 

The tetrahedron and octahedron have thus obviously 
the same set of Cleavages, and the octahedron may be 
regarded as an imperfect tetrahedron, requiring certain 
additions to complete that form. 

(68.) A cube of blende will split in directions pa¬ 
rallel only to its diagonal planes. These Cleavages 
will truncate the edges of the cube, and if continued 
until all the edges are removed, and the faees of the 
cube disappear, a rhombic dodecahedron will be pro¬ 
duced. 

Fig. 41 shows the position of the rhombic dodecahe¬ 
dron in the cube, in which six of its solid angles touch 
the middle points of the planes of the cube. 

If this dodecahedron, fig. 42, be cleaved parallel to 
the planes a, d, i, m, and to the four planes parallel to 
these, until the four remaining planes of the dodecahe¬ 
dron disappear, au obtuse octahedron will be produced. 

Fig. 43 exhibits this octahedron separately, the planes 
being marked by the same letters as appear on the 
corresponding planes of the dodecahedron. 

If the Cleavage be effected parallel only to the planes 
a, d, e, and those parallel to them, until the other pri¬ 
mary planes disappear, an obtuse rhomboid will result, 
as seen in fig. 44 ; this rhomboid measures 120° over the 
edges at which the planes a and e meet. 

If the Cleavage takes place parallel to any four 
alternate planes of the obtuse octahedron, and bo con¬ 
tinued until the four cleavage planes alone remain, an 
irregular tetrahedron, tig. 45, will be produced, whose 
planes meet at an angle of 90° at. the edges, no, p q, 
and at an angle ol' 60° at the other edges. 

The ultimate relation of the tetraiiedron to the octa- • 
hedron in reference to the theory of cubic molecules, 
may be explained in the following manner. 

Let fig. 47 represent the smallest octahedron that 
can be imagined to exist, formed of seven cubic mole¬ 
cules, and let fig. 46 represent a tetrahedron containing 
this minute octahedron. The tetrahedron would ob¬ 
viously be reducible to the octahedron, as other tetra¬ 
hedrons are, by the removal of all its solid angles. Dot 
it is apparent that the solid angles to be removed in 
this instance, are the small cubes a, e, g, i, and on their 
removal the octahedral solid, shown in fig. 47, will 
remain. 

This octahedron is supposed to rest on one of its 
planes, and the molecules b c, c h, f c, c d, may be con 
ceived to constitute four of its edges. 

In a similar manner the compatibility of the cub J c 
molecule with the solids, obtained by Cleavage from the 
rhombic dodecahedron, might be easily shown. 
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t r ^ s *?'* Of Decrements, and the Characters of the Secondary 
0Kia1 ’ ^ Planes produced by them. 

(69.) The explanation already given of the manner 
in which new planes modifying the primary forms 
may be conceived to be produced by the operation of 
different laws of Decrement, has been limited to the 
effect produced upon only a single edge or angle of the 
primary form. When similar edges or angles are all 
operated upon at the same time by any given Decre¬ 
ment, a new figure is produced. 

The sq.uare prism has all its terminal edges similar, 
and all ils terminal angles also similar, and, conse¬ 
quently, when one of thoso edges or angles is affected 
by any Decrement, they will generally all be so. 

The upper part of fig. 43 will explain the manner in 
which a Decrement by one row of molecules on the 
terminal edges of a square prism, is conceived to pro¬ 
duce a set of planes corresponding to those marked c of 
the tables of modifications. The lower part of the figure 
represents the ordinary character of the terminal planes 
of a square prism so modified. 

The upper part of fig. 49 exhibits the effect of a De¬ 
crement liy one row of molecules on the terminal angles 
of a square prism, producing a secondary form corre¬ 
sponding to the planes a of the modifications of that 
figure. The lower part presents the ordinary appear¬ 
ance of a square prisin so modified. 

(70.) The causes which occasion Decrements do not 
appear to be understood ; Crystals so minute as to be 
seen only by the aid of a microscope, are found variously 
modified; hence the circumstance, whatever it may lie, 
which occasions the mollification, begins to operate very 
soon after the Crystal has been formed. Perhaps it may 
influence the arrangement of the first few moleculeR 
which are capable of producing a modified form ; aud 
as Crystals, during their increase in magnitude, some¬ 
times undergo a change of form by the extinction of 
some modifying planes, or the production of others, the 
cause which occasions a Decrement may be suspended, 
or may be. first brought into operation at any period 
tim ing the increase of a Crystal in size. 

For the purpose of affording a clearer illustration of 
the theory of Decrements, it has been found convenient 
to imagine that the primury form of any modified 
Crystal had attained such a magnitude before the law 
of Decrement had begun to act upon it, as to require 
for the completion of the Crystal in its modified slate, 
the addition of only those defective plates of molecules 
by which the modifying pluiies might be produced. A 
primary form of this magnitude is evidently the greatest 
that could be inscribed in the given secondary form; 
and it is in theory termed the nucleus of the secondary 
form. 

(71.) As far as we have proceeded with the theory 
of Decrements, the diminished plates of molecules have 
been supposed to be laid constantly upon the primary 
form, in order to produce the modifications which are 
found to exist in Nature. But it is probable that De¬ 
crements. sometimes take place on secondary plaues. 
Thus Decrements may be conceived to take place on 
any secondary rhomboid of carbonate of lime by the 
abstraction of small masses of primary molecules 
forming similar minute secondary rhomboids. 

Decrements ure sometimes related, as will appear in 
the next section, to the capacity of a body to become 
electric by heat, but it does not appear that any expla¬ 


nation has been given of the manner in which this in- Of tbo prf- 
fluence is exerted. ma.yForm* 

of Crystals. 

Of the Law of Symmetry. ' ~ 

(72.) Among the definitions (11.) to (14.) will he 
found an explanation of similar edges, angles, and planes 
of a Crystal. 

It has "been ascertained from the observation of a great • 
numbet of the secondary forms of Crystals, that when a 
modification takes place on any one edge or angle of 
any primary form, a similar modification generally takes 
place on .all the similar edges or angles. And this 
has been observed to. occur so frequently, as to induce 
the conclusion of its being the died of a general law', 
which IlaOy has called the Law of Symmetry, This law, 
however, docs not act universally with regard to all such 
similar edges or angles as are included under the defini¬ 
tions already given. The tourmaline presents an instance 
of deviation from it. The primary form of the tourma¬ 
line is a rhomboid, and the three upper terminal edges, 
fig. 8, are simitar to the three lower ones; the six lateral 
edges, ns welt ns the six lateral solid angles, ure also 
respectively similar. Yet it is (bund that the three 
upper terminal edges are sometimes truncated, while 
those below arc not. It is also observed thut some¬ 
times only the alternate three of the lateral solid angles 
are modified, the three others remaining entire ; but the 
tourmaline is pyro-electrib, that is, capable of becoming 
electric by heat: ami many other substances which are 
endued with a similar property, appear equally subject 
to a similar interference with the general Law of .Sym¬ 
metry. 

But other minerals which are not pyro-eleetric, afford ‘ 
instances of deviation from strictly symmetrical modi¬ 
fication ; thus iron pyrites present a series of secondary 
forms which may be termed defective, when compared 
with those produced from the cube of galena. Pyro¬ 
electricity is not, therefore, the only disturbing cause 
which influences the deviation from the general Law of 
Symmetry in the formation of Crystals. 

Of the Primary Fornis of Crystals. 

(73.) It has been stated that the selection of the 
form which is to be regarded as the primury, is in some 
degree arbitrary ; and we might, as some other writers 
on Mineralogy have done, have assumed the cube, the 
regular tetrahedron,the regular octahedron, the rhombic 
doiiecahedrbn, and the pentagonal dodecahedron, as 
distinct Primary Forms ; under each of which, particular 
modifications of the cube might have been arranged. 

Or, we might, in consequence of the general relation 
which subsists among them, have referred all the modi¬ 
fications oF the cube to cither of these as the primary. 

We might also have assumed cither of the octahe¬ 
drons arising from modification o or c of the square 
prisms as the Primary Forms of that system of Crystalliz¬ 
ation. And the same observation might be applied to 
the other classes of Primary Forms, it being demonstrable 
that any one of the forms so related lo the others and. 
to the primary, as. these modifications are, might lie 
adopted as the fundamental form of the system. But 
there would be a considerable difference in the facility 
with which the relations of the secondary forms to the 
primary could be'explained in reference to sonic ot 
these than to others. Those which are adopted m this 
3 .u 2 
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Crystal- Treatise have been selected on account of the greater 
lugrai.hy. facilities they appear to afford for demonstrating those 
relations. 

The Primary Form of every Crystal may be determined 
either from the primary or the secondary planes ; or it 
• may sometimes be deduced from cleavage, or from a 
consideration of both planes and cleavage. And in the 
remarks which will follow the tables of modifications, an 
explanation will be attempted of the manner in which the 
Primary Form of any crystallized mineral may be dis¬ 
covered. 

• 

Of the. Secondary Forms of Crystals 

(74.) The Secondary Forms of Crystals difTer from the 
primary in the number or position of their planes, and 
they are either simple or compound. The simple Se¬ 
condary Forms arc those which ure produced by single 
modifications. The compound arc those in which several 
modifications occur on one Crystal. The cube with the 
angles truncated or replaced hy three or six planes, is 
an instance of a simple Secondary Form ; but if the edges 
lie hlso truncated, or b-'villod, or the solid angle be both 
truncated and replaced by three or six planes, it will 
afford »n example of a compound secondary form. 
These compound Secondary Forms are of very frequent 
occurrence among minerals. 

(75.) The secondary plaues frequently obliterate en¬ 
tirely the primary ones, and produce a new figure, as 
in the instance of the rhomboid being converted into a 
six-sided prism by the truncation of all its solid angles, or 
of ks terminal solid angles and its lateral edges. 

(76.) Particular Secondary Forms sometimes predomi¬ 
nate in particular species of minerals, as an octahedron in 
sulphur, whose primary form is a right rhombic prism, 
and the regular hexagonal pyramid in quartz, whose 
.primary form is a rhomboid. 

A dodecahedral variety of carbonate of lime, com¬ 
monly called dog-tooth spar, occurs the most frequently 
in Derbyshire. 

In Cumberland, the most common variety is a six- 
sided prism terminated by the planes of an obtuse se¬ 
condary rhomboid. 

In the Hnrtz, the entire six-sided prism occurs more 
frequently than in other places. Ami we have noticed 
some Crystals from Plymouth which appear to have 
been originally of the form of flic Derbyshire dodecahe¬ 
drons, and to have been afterwards enlarged by addi¬ 
tional particles, which have been so arranged as to 
convert the dodecahedrons into prisms similar to those 
from Cumberland. And in some Crystals, the points of 
the dodecahedrons are seen standing above the summits 
of the prisms. 

Particular Secondary Forms are found to occur con¬ 
stantly among some species of minerals, and rarely 
among other species belonging to the same class of pri¬ 
mary forms. 

Thus the regular hexagonal pyramids, which occur 
constantly among the Secondary Forms of quartz and 
corundum, rarely occur in carbonate of lime. 

, The Secondary Forms of some minerals contain only 
half the number of modifying planes which the law of 
symmetry requires; as in the instance of the triangular 
planes on some Crystals of quartz which occur on only 
one side of the edge .of the prism instead of being sym¬ 
metrically placed on both its sides. 

The causes of these peculiar habitudes of minerals 


arc not known; and they appear to belong to that class Of Hem* 
of facts, which our limited knowledge of the operations trope amh 
of Nature docs not enable us at present to comprehend. 

Of Ilemitrope and Intersected Crystals. 

(77.) Besides the secondary forms referred to in the 
preceding section, there is another class which were 
termed tnacles by Home de l’Jsle, and by Ilauy Itemi- 
trope, from their resemblance to Crystals which may be 
supposed to have been cut through, and one-half to have 
been turned partly round on an imaginary axis, passing 
through the centre of and perpendicular to the plane 
of section. The. imaginary axis being termed the 
axis of revolution , and the imaginary section the plane 
of revolution. 

This kind of structure may be readily understood 
from one or two examples. 

(78.) If we conceive an octahedron, ab cd ef fig. 

60, to be cut through in the direction g h parallel to two 
of its planes; and if we suppose the half, b d /.partly 
turned round, as in fig. 51, until b is opposite to c, and 
d opposite to e, a Ilemitrope Crystal would be produced, 
resembling one of the varieties of the common spiticllc. 

Again, if we suppose a doubly oblique prism, as in 
fig. 5‘2, to be cut through in the direction m n o. 

1 And if we then conceive otic-half to be turned half 
round, as in fig. 53, we shall have a form of Ilemitrope 
Crystal of frequent occurrence in cleavdandite. 

These examples are sufficient to illustrate the manner 
in which Ilemitrope Crystals might be conceived to be 
produced. The arrangement, however, ofllie molecules 
in so apparently capricious a manner, is doubtless the 
consequence of some law operating on the structure of the 
Crystal from the commencement of its formation, and 
analogous to those laws by which other secondary forms 
arc produced. 

Crystals of this character may occur among either 
unmodified primary forms, or secondary forms; the 
plane of the imaginary section being always parallel 
either to one of the primary planes, or to some second¬ 
ary plane which would result from a regular decrement. 

Oxide of tin, as shown in Mr, Phillips’s Paper on 
that substance iu the I Id volume of the Geological. 
Transactions , exhibits a considerable variety of forms of 
this nature. They are very common alsoin felspar, rutile, 
and sphene; and they occur in many other substances. 

One character by which Ilemitrope Crystals may fre¬ 
quently be known, is the re-entering angle which is pro¬ 
duced by the meeting of some of their planes. 'Phis 
is very obvious in the figures 51 and 53. But even 
where this re-entering angle does not appear, there is 
generally some line, or some other character, which in¬ 
dicates the nature Of the Crystal. 

The term twin. Crystals has been applied by some 
authors to denote these compound forms, upon the 
supposition that they arc pairs of single Crystals united 
by particular planes. 

(79.) Crystals are frequently found intersecting each 
other with greater regularity than can lie ascribed to 
accident, and forming a class very analogous to Hemi- 
tropes, of which the staurotido affords a good example. 

The primary form of the staurotide is aright rhombic- 
prism, fig. 54. 

Two of these prisms frequently cross each other at right 
angles, as in fig. 55. And sometimes at an oblique 
angle. 
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Crystal- J n other minerals it is sometimes observed, that three, 
''n'l'l'l'y- four, or more Crystals intersect each other in this man- 
ner, and produce figures apparently remote in character 
from the primary forms to which they belong. Com¬ 
bined or intersecting Crystals frequently occur in urra- 
gouile, in carbonate of lead, in sulphuret of copper, and 
in other species of minerals. 

Of Epigeve and Pseudomorphous Crystals. 

(80.) The crystalline forms already alluded to are 
supposed to be the proper forms of the mineral sub¬ 
stances among which they occur. But minerals fre¬ 
quently present themselves under other, and what may 
be termed foreign, forms. 

One class of these to which Ilaiiy has applied the 
name of Epigcne, consists of Crystals, the substance of 
which has undergone some chemical change subsequently 
to their formation. 

Thus Crystals of blue carbonate and of red oxide of 
copper are frequently found converted into green car¬ 
bonate. Sulphuret and carhouute of iron are changed 
into oxides, without losing their peculiar crystalline 
forms; and the same alteration takes place in other 
minerals. 

(81.) Another class of Crystals whose forms are also 
foreign to the substances in which they occur, have 
been denominated Pseudoniorphous. These have been 
formed either within cavities from which Crystals of 
some other substance have been previously removed by 
some natural cause, or upon Crystals of some other 
substance, which Crystals have subsequently disap¬ 
peared ; the space they occupied either remaining void, 
or being fouiui filled with sonic other matter. 

Both these classes of Crystals, particularly the first, 
may occasion some embarrassment to the young Mine¬ 
ralogist, but. this will be lessened by an improved ac¬ 
quaintance with the minerals in which they occur. ■ 

The theory of the formation of Pseudomorphous 
Crystals presents however some difficulties which it docs 
not seem easy to remove. It is not easy to conceive 
how the Crystals, resembling in their figure those of 
quart* ami carbonate of lime, which are found in what 
is termed crystallized steatite, could have been lbrmcd. 
The ('rystals themselves and (he mass in which they 
are imbedded being apparently composed ofhomogcncous 
matter. a 

Of the Phenomena of Crystallization. 

(82.) Little is at present known concerning the 
nature of those forces or influences which determine 
mineral bodies to assume crystalline forms, or concern¬ 
ing the causes which produce such a diversity of those 
forms. Hahy says, that “ when the molecules of a body 
are suspended in a fluid, which afterwards, either by 
evaporation, or through some other cause, abandons them 
to their reciprocal affinities, if no disturbing force should 
interfere, the molecules would nuite by those planes the 
most disposed to such union, and would by their com¬ 
bination' produce the regular solids which we term 
Crystals.” 

But this explanation of the manner in which a change 
of state from solution to solidity may lake place, does 
not assist our inquiry into the causes which predispose 
the molecules to form solids of particular shapes; or 
why their mutual attractions should cease in particular 


directions, as in the formation of a cubic Crystal, which tin- l’f.v 
is defective at all its solid angles. iiotm-n.i .>f 

The causes of Crystallization arc probably allied to 1 
electricity, whose relations are much more extensive than 
they were formerly Supposed. We shall not, however, 
enter further upon this subject, but shall hi idly in¬ 
quire into the general phenomena of the production of 
Crystals. 


- (83.) The different hypotheses which assign an 
aqueous, or an igneous origin to what has becu termed 
the crust of our earth, suppose the minerals forming 
that crust to have been produced by analogous causes. 

It is however certain that many of the natural Ctys- 
tals with which we are acquainted, were not tin mod 
contemporaneously with the beds in which they have 
been discovered ; but that they have been produced at 
later periods, and possibly under very different circum¬ 
stances. Sometimes their origin may be ascribed to 
the action of heat, sometimes_ to the solvent power of 
some fluid, and in other instances to the united influence 
of both these causes. 


The observations of Sir Humphrey Davy “ Upon the 
■state of water and aeriform matter in cavities found in 
certain Crystals," printed in the Philosophical Trans - 
actions for 1822, render it not improbable that natural 
Crystals are formed under very different degrees both 
of pressure and temperature. There are several ap¬ 
pearances not uncommon among Crystals, from which 
it may he inferred that they aw- sometimes very slowly 
formed, and that accompanying Crystals of different 
minerals have been deposited at very different periods. 

The Crystals of carbonate of lime which are found 
at Jielon in Staffordshire, frequently contain numerous 
minute Crystals of copper pyrites, apparently first de¬ 
posited on small Crystals of the carbonate of lime. This 
substance has then formed over the pyrites, and pro¬ 
duced a larger Crystal of carbonate of bine, upon which 
a second deposit of copper pyrites has taken place. 
This has been again enclosed within a still larger Crys¬ 
tal of the calcareous matter, upon which other Crystals 
of pyrites have been again deposited. And wc may dis¬ 
cover, when the Crystals are large, many alternations of 
these two minerals successively covering each other. 

The Crystals which arc termed pseudoniorphous 
sometimes a fiord very distinct evidence of successive 
formation, as the period at which these were produced 
must have been posterior to that of tile Crystals whose 
forms they imitate. We have observed in one instance 
a mould in preparation, if we may so term it, for a 
pseudoniorphous Crystal, from which a part only of the 
model, a. cube of fluate of lime, had been removed, 
leaving in the cavity ouly a small loose nodule with an 
irregular and smooth surface like that of partially dis¬ 
solved salts. 

Hollows of various forms contained within crystallized 
qnartz arc not uncommon ; but wc do not recollect any 
other instance of the Crystal, whose removal hail pro¬ 
duced the vacuity, being only in part destroyed, as if its 
dissolution had been recently going on. Numerous 
other examples might be cited as evidences of the gra¬ 
dual [formation of Crystals, by processes which arc 
probably still in operation, although we arc uninformed 
respecting their nature. 

There are circumstances which render it almost certain 
that some Crystals have been produced from solution in 
a fluid. ■ The water found in the cavities of certain 
Crystals of quartz, would seem fo refer their origin to 
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Crystal-' solution in that fluid; and it is known from the copious 
•ograjibjr. deposit of silicious matter from the waters of the Geyser 
^-v—■*' in lcelatul, end from the hot spring's in the Islam! of 
St. Michael's, that quarts u\ay be held abundantly in 
solution by water. 

Whether the metals have been deposited from che¬ 
mical solutions, or from a stale of fusion, are points 
upon which no certain information has been obtained, 
nor do the few facta which are known throw much 
. general light on the subject. 

Some specimens brought from Torre del Greco havebeen 
described by Mr. Aikin in the Geological Transaction*, 
among which were some minute octahedral Crystals of 
red oxide of copper attached to the surface of a fused ami 
partly oxidated mass of copper and iron. These must 
have been produced by sublimation of the particles 
which composed them. 

It appears from a Paper by Dr. Wollaston published 
in the Philosophical Transaction» for 18:23, that the 
metallic titanium which he discovered among the slags 
from some iron-works, is wholly infusible; but he con¬ 
jectures that it might have been precipitated in its pre¬ 
sent crystalline forms in the state of oxide, in which it 
might have been sublimed. And in this manner Crys¬ 
tals of the metals aud their ores may possibly have been 
deposited upon quartz, or upon oilier earthy substances. 

The red oxide of mercury produces sometimes very 
distinct Crystals by sublimation. And Crystals of 
ealomet and of other substances may be produced in a 
similar manner. 

(8-1.) The processes of the laboratory arc the only 
means we possess of investigating the phenomena of 
Crystallization. Some minute Crystals of quartz are 
said to have been deposited from kn alkaline solution 
of that substance after long standing; and Crystals of 
carbonate of lime have been observed in vessels which 
contained the elements of that mineral in solution. Lead 
may be produced in thin metallic plates from the de¬ 
composition of acetate of lead by metallic zinc. Bis¬ 
muth, antimony, and some other metals may also be 
made to crystallize by fusion ; but these few facts atford 
no conclusions explanatory of the natural processes of 
metallic Crystallization. Many experiments have, how¬ 
ever, been made with a view to investigate those pro¬ 
cesses, from which several curious and interesting re¬ 
sults have been obtained. 

Most bodies have a tendency to crystallize in passing 
from a state of fusion or solution into a solid state. 
Water may be said to crystallize at 32° of Fahrenheit, 
although it does not exhibit regular cleavage planes 
when broken, and flakes of snow frequently exhibit 
regular and beautiful forms. Highly concentrated ace¬ 
tous acid becomes solid and assumes a crystalline form 
at about h0° of Fahrenheit: and mercury crystallizes at 
about 72° below tiie freezing point of water, and when 
in a solid state it is brittle and exhibits a distinct crys¬ 
talline fracture if broken. Lead, antimony, and most 
other metals, become fluid at different temperatures 
above that of boiling water, and when suffered to cool 
gradually, they may be brought to crystallize with more 
or less regularity. For this purpose they arc to be 
• melted in deep vessels, and when the metal lias become 
solid at the surface by slow cooling, that surface is to be 
broken,und the metal which remains fluid within, being 
poured out, the hollow will frequently be found lined 
with very regular Crystals. 

Among the slags from fhrnaces regular Crystals fre- 
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quently occur, not only of metallic but of earthy sub- Of the Phc 1 
stances. ntmiena of 

(95.) The artificial production of Crystals from solu- - 

tiou in a fluid may be considered in reference to the cir- . 
cumstunces attending their deposition, to their size, their f 
forms, whether simple or compound, regular or it regu¬ 
lar, anti to the characters of their planes. 

(86.) The variations in the temperature and hypso¬ 
metric state of the air, but more particularly the latter, 
will influence the deposition of Crystals. When the air 
is dry, evaporation proceeds more rapidly, and Crystals - 
are then deposited more freely. Heat, as it promotes 
evaporation, predisposes a solution to deposit Crystals, 
which are generally best formed when the cva]HH'alion 
has been slow, and as the solution cools. 

But Crystals are not always deposited when even a 
saturated solution cools. 

If a concentrated solution of sulphate of soda lie en¬ 
closed white hot in a tube, it will not deposit Crystals 
on cooling ;• but if air, or gas of any kiud, be admitted 
to it, the whole mass becomes almost instantaneously 
solid. 

(97.) There is a considerable diversity in-the manner 
in which the Crystals of different salts are deposited. 
Sometimes they stand singly on the bottom of the vessel 
containing the solution. In other'instances their ten¬ 
dency is to form into groups, the Crystals of which appear 
sometimes to radiate from a common centre. This cha¬ 
racter is very conspicuous among natural Crystals in wa- 
veliite, in some varieties of sulphate of lime, arseniate of 
cobalt, and other minerals. The Crystals of sulphate 
of magnesia, of rhombic sulphate of nickel, of nitrate of 
potash, and many oilier Mibstunccs, if lather rapidly 
produced, form long slender prisms which so intersect 
each other as to lie in almost every direction. Car¬ 
bonate of magnesia does not crystallize, if the quantity 
dissolved be small, until the bulk of the solution be 
nearly equal to the bulk of the Crystals that are pro¬ 
duced from it. Ami the solutions of other salts are 
known to require :t high degree of concentration before 
they will deposit any Crystals. 

(88.) The nature of the surface of the vessel contain¬ 
ing the solution will influence tile precipitation of Crys¬ 
tals. Thus Crystallization is said to take place more 
rapidly in rough eorlliemvare than in glass vessels, ami 
it is well known that till ends, horse-hair,-tine wire, 
sticks of glass, ami other foreign bodies introduced into 
a solution will be covered with Crystals in prelcrence to 
the surface of the containing vessel. 

When a solution is ready to deposit Crystals, they 
will be immediately produced if a fragment of the sub¬ 
stance dissolved be introduced into it. And however 
irregular the shape of this fragment may be, the irregu¬ 
larities will be found to disappear as it increases in 
bulk, and a regular Crystal will lie produced, which will 
be enlarged as the evaporation proceeds. 

(89.) The size of the Crystals is generally influenced' 
by the volume of the solution and by its depth. When' 
the volume and depth are considerable and the evapo¬ 
ration slow, large Crystals will generally be formed. 

But in operating upon small quantities of fluid. Crystals 
of different sizes arc frequently produced in the same' 
vessel, and in apparently a capricious manner. And 
it has been said, that solutions charged with electri¬ 
city have deposited smaller Crystal* than when in their 
natural state. 

Sortie salts, of which the sulphate of copper an* - 
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\Crystal- nickel, anrl the sulphate of copper and zinc are exam- 
°B T *P* l y p] eSj deposit much larger Crystals during the cooling of 
a smaller quantity of a saturated hot solution, than 
from the spontaneous evaporation of a much greater 
volume at the actual temperature of the atmosphere. 

(90.) With regard to the forms of Crystals, those 
■which are considered primary rarely occur among either 
natural or artificial Crystals, nor has experiment yet 
pointed out any means by which these may with cer¬ 
tainty be produced. 

It has been said, that more simple forms are pro? 
duced when an impalpable powdet is mixed with the 
solution of a salt. 

There does not, however, appear to lie much con¬ 
stancy in the result of such experiments, but on the con¬ 
trary different substances appear to possess peculiar 
habitudes in this respect and not to exhibit correspond¬ 
ing results. 

Chemical mixtures influence the ibrms of Crystals, 
perhaps more frequently than any other cause, yet in a 
manner of whicli we believe at present no clear concep¬ 
tion can be formed. Mr. firochaut remarks, with great 
justice, that the nature of this influence is a highly im¬ 
portant point in the History of Crystallization, as it is 
probable that it very frequently governs the formation of 
natural Crystals. Some chemical mixtures appear to 
influence even the primary forms of Crystals, without 
apparently altering the nature of their chemical consti¬ 
tution, while others merely occasion changes in the 
modifications of those forms. Thus sulphate of nickel, 
if crystallized from an acid solution, takes a square prism 
as the primary form; but if the square prisms thus 
obtained be dissolved in water and re-crystallized, 
rhombic prisms are produced, without any apparent 
atomic difference in the proportions of their respective 
elements. 

The difference between the forms of carbonate of lime 
and arragonitc, which are probably similar chemical 
compounds, inay have resulted from some interference 
analogous to this; and we may, perhaps, refer to the 
same cause the difference of figure between the common 
and the white iron pyrites. 

(91.) The faces on which Crystals deposited from 
solutions rest, arc generally extended disproportionately 
in .relation to the other planes. But this is not in¬ 
variably the case, nor does the position of the deposited 
Crystal in the solution always influence its figure. 

If the crystalline particles were constantly more nume¬ 
rous towards the bottom of the solution than at its 
surface, it might be supposed that Crystallization would 
first take place at the bottom, and that the lower planes 
of immersed Crystals would be the most enlarged ; and 
this is frequently found to be the case. 

But several of the salts begin to crystallize almost 
invariably at the surface; and while the Crystals thus 
formed sink and increase in size at the bottom, others 
are successively produced above. 

We have remarked also among some Crystals of 
nitrate of lead, which were deposited together in the 
same vessel, some which were unmodified octahedrons, 
and others that were hemitropes. Of the octahedrons, 
some had their axe’s perpendicular to the surface on 
which they rested; others rested on one of their planes; 
and others were attached by an edge to the bottom of 
the vessel; a variety of position which excludes the idea 
of its being the result of any particular law. 

The natural planes of Crystals are subject to a con ; 


siderabte diversity of character, some possessing the Of the 
highest degree of brilliancy, and others being so dull as Tables of 
to afford no distinct reflections. Sometimes they are 
slriated, sometimes curved, and they commonly exhibit 
greater or less degrees of inequality. Particular planes 
of some Crystals are frequently marked by some distin¬ 
guishing peculiarity which occurs also on the corre¬ 
sponding planes of other Crystals, of the same substance. 

Thus the planes which truncate the priiuaiy terminal 
edges of the Crystals of carbonate of lime are generally 
striated parallel to their edges of combination ; and the 
terminal planes of hexagonal prisms of that substance 
are generally opaque and dull. 

Among artificial Crystals a difference is frequently 
observable in 'he characters of the planes, hut it is not 
constant even under analogous circumstances. Some¬ 
times the most perfect planes appear on those Crystals 
which have been slowly formed, and sometimes on those 
which hqve been rapidly produced, particularly in some 
of the double salts. We have repeatedly tried to obtain 
by slow evaporation Crystals of the sulphate of copper 
and zinc with blight planes, but without success; yet 
they have been immediately produced on the cooling of 
a hot saturated solution, ami wc have observed more 
perfect Crystals of sulphate of copper produced in this 
manner than from slow evaporation. 

It must, however, be admitted that these experiments 
and facts do not afford the desired illustration of the 
natural processes of Crystallization. 

Of Ihe Tables of Modifications. 

(92.) Crystals of different minerals may belong to the 
same system of Crystallization. Thus fluate of lime 
and sulphuret of silver are both referable to the cube. 
Carbonate of lime and red silver arc both rhomboids. 

Sulphate of lead and hydrous oxide of iron arc both 
right rhombic prisms. And so of other minerals. 

When several species are related to one system, or, as 
we shall henceforth express ourselves, to one class of 
primary forms, they will, unless that class be the cube, 
generally be found to differ from each other, in the 
mutual inclination of their primary planes, or in the 
comparative lengths of some of their primary edges. 

(93.) Crystals rarely present themselves under their 
respective primary forms, but are usually modified by new 
planes, producing secondary Crystals, from which the 
primary are to be inferred. Hence an accurate know¬ 
ledge of the relations between the secondary and pri¬ 
mary ibrms of Crystals is essential to a correct crystal- 
lographical discrimination of minerals. 

The secondary forms of Crystals have been explained 
to consist of Modifications of the primary, occasioned by 
decrements on some of their edges or angles, the laws of 
which will be allcrwards investigated. But as there 
are many who form collections of minerals as an amuse¬ 
ment, and others who pursue some branch of Miueralogy 
as a business, and who from want of inclination, or 
leisure, or a habit of engaging in such inquiries, are 
disinclined to undertake a geometrical investigation of 
the relations of Crystals, we have attempted to supply 
another method of exhibiting those relations in the fol- 
lowingTables of Modifications of the prirnnry forms, and 
the explanations which follow them. And although 
these may not furnish the Mineralogist with all the 
assistance he requires, his study of Crystals will be 
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materially nssistcd !»y the opportunity they will afford 
him of comparing all the primary and simple secondary 
forms with each other, and of obtaining a general view 
of tin* entire series of simple secondary forms under 
which Crystals may present themselves. And as the 
most compound secondary forms are only combinations • 
of two or more simple Modifications, these Tables will 
explain the most complicated figures of Crystals. 

(94.) The Tables contain not only tile obsirvcd Modifi¬ 
cations of Crystals, but the entire series of which each class 
of the primary forms is susceptible while influenced by 
the law of symmetry, with the addition of some of the 
observed instances of departure from this law in the 
production of what may be termed incomplete secondary 
forms. 

From a general view of the Tables, it will be seen 
that the first Modifications nre those on the angles of 
the primary form ; these being succeeded by the Modifi¬ 
cations on the edges ; beginning in all cases with the 
simplest change of form. 

It has been already stated, that each class of the pri¬ 
mary forms may comprise many series of Crystals belong¬ 
ing to ns many different species of minerals. And in the 
same nuiuncr each of the Modifications, excepting those 
which produce tangent planes, may include a number of 
individual or particular planes differing- from each other 
in the angles at which they respectively incline on the 
adjacent primary planes. 

Thus a series of modifying planes comprehended 
under 6 in the Modifications of the cube may occur 
within two natural limits; the one the primary plane 
of tire cube, and the' other the plane a. For it is oh 
vionsthnt the inclination of b on P may approach nearly 
to 1H0°, but it can never reach that limit. And it may 
pass from this position through perhaps au unlimited 
series inclining less and less on P, until at length the 
inclination would be nearly the same as that of o on P; 
hut it is appurent that it can never attain this limit, 
there being no other plane than a which can iuclinc to 
the primary planes at the same angle that a does. 

The series of planes belonging to Modification c. of 
the cube, arc limited within the planes a and c. The 
angle at which the planes marked c incline to each 
oilier, may be conceived to increase, until it approaches 
very nearly to 180° s ; the three, planes would then very 
nearly become one, or be nearly simitar to a, but they 
can never reach that limit. Arid they may also be con¬ 
ceived to incline more and more upon the edge, until at 
length they would very nearly coincide with the planes 
r, but they could never exactly coincide with those 
planes. 

The series of particular Modifications of the cube com¬ 
prehended under d, may be conceived to lie within 
several limits, according to the direction in which - the 
change of position of the modifying planes,may be sup¬ 
posed to take place. The angle at which the two planes 
d, which rest on P\ incline to each other may be ima¬ 
gined to increase until they nearly approach to one 
plane, corresponding with b, or the angle at which the 
two planes <1, which meet at the edge of the cube, incline 
to each other, may approach nearly to 180°, when they 
would nearly become analogous to c. Or if the two 
planes d, which meet at the edge of the cube, be con¬ 
ceived to incline more and more on that edge, they will 
at length approach nearly to the position of the planes 
f t but they cun never coincide with those planes. 

These remarks on the nature of the differences among 


the planes belonging to some of the Modifications, 
might easily be extended to all. But it will not bo 
difficult for the reader to apply them himself to all the 
other variable ones. The nature of the variation, how- , 
ever, will occasionally be pointed out in the Tables. 

(95.) When the new planes which would result from 
any particular Modification are so much extended as to 
etface the primary planes, a new solid will evidently 
result. The scries of new solids which might result 
from any siugle Modification, will be found generally 
to possess one common character: t|iat is, their planes 
will generally be all triangular, or all quadrilateral, or 
all pentagonal, or some other common figure ; hut this 
is not invariably so. Among the series of secondary 
forms resulting from particular Modifications of the 
rhomboid, some will be contained within scalene trian¬ 
gular planes, and others belonging to the same Modifi¬ 
cation within isosceles triangular planes, as will be 
pointed out in the Tables. 

(96.) A particular position is chosen in these Tables 
for the figure of each of the primary forms, and the 
same is retained in the series of Modifications. 

The right rhombic prism is supposed to have its 
greater diagonal horizontal. 

In the oblique rhombic and doubly oblique prisms 
the angles of P witli M ami T are supposed to be ob¬ 
tuse; and il the figures of Crystals of different sub¬ 
stances belonging to the same class of primary forms, 
were always placed in the same positions us those in 
the Tables, they might more easily be compared with 
each other, ami their pecul iar characters be more readily 
described. 

(97.) On each of the primary forms certain letters are 
placed, which are intended to designate the angles, 
edges, ami planes of Crystals, and to denote their simi¬ 
larity or dissimilarity. 

Some or all of the vowels \ T3 1 O are used to desig¬ 
nate the plane angles of the primal y form ; some of the 
consonants, B C D F Q II, to designate the primary 
edges, and P M T the primary planes o( ('rystals. 

The same letter is repeated where the angles, edges, 
or planes arc similar; and different letters are used 
where those angles, edges, or planes are dissimilar, 
according to the definitions of similar angles, &c., already 
given (11.) to (14.) 

Thus the letter A is repeated on the four angles of 
the.cube, these being'all similar; while A and K are 
placed on the alternate angles of the right rhombic 
prism to show that in that figure those angles only are 
similar which are opposite to each other. 

In the cube the letter P is rejieated on all the planes, 
because they are all similar. 

In the right rhombic prism the letter P stands on the 
terminal plane, and M on the lateral planes, implying 
that these are not similar to the terminal plane; but M 
being repeated on both the lateral planes, denotes that 
these are similar to each other. When M stands on 
one and T on the other, they are dissimilar.) 

The'and", (which are to be read dash and two dash,) 
added to sonic of these letters, serve merely to distin¬ 
guish two or more similar edges, angles, or planes from 
each other. * 

By carefully observing the letters thus used to desig¬ 
nate the planes, &c., the class of primary forms to 
which any figure, drawn according to this method, 
belongs, may be readily discovered. 

When the planes of a Crystal are parallel, if taken 
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Crystal- •" pairs, not more than one half of their number can be 
Sosraphy. rendered visible in the front of the drawing; but when 
the planes ore not ull parallel, as in the tetrahedron, 
finore than half may be exhibited according to the position 
of the Crystal. For it is evident that if the tetrahedron 
he held with a solid angle nearest to the eye, three of 
its four planes wilt be seen at the same time. 

Jt may he remarked that the modifying planes con¬ 
tained in the Tables, are produced by cutting off por¬ 
tions of the figure of the primary Crystal, and thus 
reducing its bulk. It is almost unnecessary, after what 
has been already said on the formation of Crystals, to 
observe, that nature proceeds by building up the se¬ 
condary forms instead of thus truncating the primary. 
And we may, if we plehse, imagine that the secondary 
figures given in these Tables, have been produced by 
additions to primary Crystals of smaller relative di¬ 
mensions. 

The inclination of any two planes to each other, as 
I*, and Modification a of the cube, or the angle at which 
they meet, may be expressed by P on a, or a on P, or 
simply by P,ff, or n,P, adding the value of the angle 
in degrees and minutes. 

Tables of the Primary Forms and their Modifications. 

THE CUBE. 

Fig.'56. 

(!)!>.) Mod. a, fig. 57. The solid angles replaced by 
tangent planes, whose surfaces are equilateral triangles. 

When the mollifying planes are extended so as to 
efface the primary planes, a regular octahedron is pro¬ 
duced. 

V,a — 125° l.V 52" 
a,a' =s 10!)° 2S' 16" 
u',a"=z 70° 31' -11" 

Mod. h, fig. 5S. The solid angles replaced by three 
planes vesting on the primary planes. 

From this Modification a series of new figures might 
result, each of which would be contained within twenty- 
four equal trapezoidal planes; the trapezoids being dis¬ 
similar in the different members of the series, and inclin¬ 
ing at different angles on the primary planes and on each 
other. The different members of every other series of new 
figures which can result from any Modification of this 
or any other Primary Form will generally agree in the 
character of their planes, but these will always differ in 
their inclination to tile primary and. to each other. An 
observation which it will not be necessary to repeat in 
reference to any series' belonging to any other of the 
Primary Forms. 

Mod. c, fig. 59. The solid angles replaced by three 
planes resting on the primary edges. 

New figures contained within twenty-four equal isos¬ 
celes tiiangular planes. 

Mod. d,' fig. 60. The solid angles replaced by six 
planes. 

New figures contained within forty-eight triangular 
planes. 

Mod.e, fig. 61. The edges replaced by tungent planes. 

New figure the rhombic dodecahedron., 

P,e = 135° 
e.e' = 120 ° 

Mod. f, fig. 62. The edges replaced by two planes. 

New figures contained within twenty-four triangular 
planes. 

VOL. vi. . 
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(100.) Some of the forms assumed to be deiivcd Tables of 
from the cube, contain only half the number of modi- tti.Prinir.rv 
fyi.ng planes which the law of symmetry requires. Of Forms ami 
these there are two different sets. One belonging to ,1,rir 
the tetrahedron, the other to a pentagonal dodecahe- 
dron; uml us these- are the predominating figures of 
some species of minerals, it will be convenient to denote 
their relations to the cube in the following ltuinncr. 

In fig. 63 the planes a appear only on the alternate 
solid angles, and present only half the number of planes 
required by the law of symmetry. The liguie may 

therefore be denoted by Mod. ~. When these planes 

are so much extended as to efface the primary planes, a 
regular tetrahedron would be produced, as shown by the 
lines on the figure. And it is evident that this same form 
would be produced, but in a transverse position, if the 
modifying planes were placed on those angles which arc 
entire on the figure. 

The planes b, c, and d occur also on the - alternate 
solid angles, and may be denoted byand 

4 M 4 

It is evident that the planes of this class of hemi- 
fortns, as they may be termed, are not parallel, but in 
dined to each other; a character by which they may be 
distinguished from the following. 

(101.) IVlien the cube is modified by only twelve 
of the planes of Mod. f, as shown in fig. 61,'a series 
of pentagonal dodecahedrons will be produced, contained 
within six pairs of parallel planes. The relation of this 
figure to figure 62, is seen by the corresponding letters 
on the planes of each. This class may, on account of 

f 

the parallelism of its planes, be denoted by ~ ||, and as 

three only of the six planes of Mod. d sometimes occur 

oti each solid angle, these may be denoted by - - 1|. The 

addition of ||, the symbol of parallelism, being sufficient 
to distinguish these from the planes already denoted by 
a b c d ‘ 

i ’ f and 


2 


2 


TIIK SQUARE PRISM. 

Fig. 65. 

(102.) The Crystals of different minerals belonging 
to this class may differ from each other in the compara¬ 
tive lengths of the edges B and G. 

Mod. a , fig. 66. The solid angles replaced by single 
planes which are isosceles tiianglcs. 

This Modification would produce a scries of four 
sided pyramids, resting on the lateral edges of the 
prism. And when the modifying planes are so much 
enlarged as to efface the primary, a series of octahe¬ 
drons with square bases will result. 

The planes a incline equally on M and M', but at a 
different angle from that at which they incline on P. 
A character by which this form is distinguished from 
the cube, where a inclines equally on the adjacent pri¬ 
mary planes. 

Mod. b, fig. 67. The solid angles replaced by two 
planes. 

The new figures are bi -pyramidal, and contained 
within sixteen sides. 

(103.) The two planes of this Modification may in¬ 
tersect the planes M, M', parallel to a diagonal orother- 
3 N 
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wise, according to the nature of the decrement by which 
they arc produced. 

When both pUmcs occur on a Crystal, and intersect 
M and M' parallel to.a diagonal, it will be convenient 
to denote them by the character b„ and the series of such 
planes may be distinguished by b. 1,6,2,6,3, Ac. When 
they result from intermediary decrements, and conse¬ 
quently do not intersect M orM' parallel to a diagonal, 
they may be denoted simply by 6. 

If only one of the two planes 6 should appear on the 


Crystal, it may he denoted by ~ or-^, if parallel to 


a diagonal on the left or right of the figure, and by 

1 — or — r, if not parallel to a diagonal. 

& H 


The same observations will apply to the pianos 6 and 
d of the right and oblique rhombic prisms. 

Mod. c, fig. (is. The terminal edges replaced by 
single planes not forming equal angles with the terminal 
and lateral planes, producing u series of four-sided 
pyramids resting on the lateral planes of the prism, 
and, by an extension of the modifying planes, a series 
of octahedrons witli square liases. 

Mod. d, fig. 69. Tlie edges of the prism replaced by 
langeut planes. 

Mori, c, tig. 70. The edges of the prism replaced by 
two planes. 

The separate Modifications of (he terminal edges, or 
the lateral edges, will distinguish the secondary Crystals 
of this class of prisms from those of (lie cube. 


THE RIGHT RHOMBIC PRISM. 

Fig. 71. 

(104.) The solid angles at A are the obtuse, and 
those at E the acute, solid angles. The edge G is the 
acute, and 11 the obtuse lateral edge of the prism. 

The particular prisms belonging to different minerals 
may differ from each other in the inclination of M on 
M', or in the ratio of the edge 11 to the edge II. 

Mod. a, fig. 72. The obtuse solid angles replaced 
by single planes which intersect the terminal plane pa¬ 
rallel to its greater diagonal. 

When the planes a increase, the secondary form may 
be an octahedron with a rectangular base, us shown in 
fig. 73. 

Mod. b, fig. 74. The obtuse solid angles replaced hy 
two planes. 

This Modification would produce a scries of four- 
sided pyramids, and the new figures would be octahe¬ 
drons with rhombic bases. 

Mod. e, fig. 7 5. The acute solid angles replaced by 
single planes, which intersect the terminal plane parallel 
to its short diagonal. 

An- octahedron with a rectangular base, as shown in 
fig. 76, might result from this Modification. 

Mod. d, fig. 77. The acute solid angles replaced by 
two planes. 

The new figures would be octahedrons with rhombic 
bases. 

The planes b and d may be denoted ns in the square 
prism. 

Mod. t, fig. 78. The terminal edges replaced by 
single planes. 

This Modification would produce a series of four- 


sided pyramids, and the new figures would be oetahe- Tallies <,f 
drons with rhombic bases. tWPrimary 

Mod. f, lig. 79. The obtuse lateral edges replaced AU-’I'i- • 
by tangent planes. iu-Viww.’ 

Mod. g, fig. 80. The obtuse lateral edges replaced 
by two planes. 

When the primary lateral planes are effaced by the 
planes g, a series of secondary Right Rhombic Prisms 
would be produced. 

Mod. h, fig. 81. The acute lateral edges replaced by 
tangent planes. 

Mod. i, fig. 82. The acute lateral edges replaced by 
two planes. 

This Modification would produce another scries of 
secondary prisms, 

THE OBLIQUE RHOMBIC PRISM. 

Fig. 83. 

(108.) The figure is supposed to be oblique in the 
direction O A, so that the terminal plane forms an 
obtuse angle with the edge II. The planes M ill' 
may meet at an acute, or an obtuse angle. The solid 
angle at A is in either case termed the acute, and that 
at () the obtuse, and those at E the lateral solid angles. 

The edges 11 aie the acute, and those at D the ubliite. 
terminal edges. The edge II and its opposite are the 
oblique, and G and G' the lateral edges of the prism. 

The Crystals of this form belonging to ditfcienl mine¬ 
rals may differ from each oilier in the inclination of 1* 
on M, or of M on M', or in the ratio of an edge 1J to 
an edge II. 

Mod. a, fig. 81. The obtuse solid angles replaced hy 
single planes. 

Mod. 6, fig. 85. The obtuse solid angles replaced hy 
two planes. 

Mod. c, fig. 86. The acute solid angles replaced hy 
single planes. 

Mod. d, fig. 87. The acute solid angles replaced by 
two planes. 

The planes 6 and d may be denoted as in the square 
prisin. 

Mod. r, fig. 83. The lateral solid angles replaced by 
single planes. 

(10(i.) The planes of this Modification may cut the 
terminal or lateral planes parallel to a diagonal, or 
otherwise according to the decrement by which they are. 
produced. If e cuts the terminal plane parallel to a 
diagonal, it may be denoted by e; if the plane || M' by ,e ; 
and if the plane M, by c,. And a corresponding nota¬ 
tion may be applied to the planes a, b, c, and d. of the 
doubly oblique prism. 

Mod. f fig. 89. The obtuse terminal edges replaced 
by single planes. 

Mod. g, fig. 90. The ncute terminal edges replaced 
by single planes. , 

Mod. h, fig. 91. The oblique edges of the prism re¬ 
placed by tangent planes. 

Mod. i, fig. 92. The oblique edges of the prism re- 
pi reed by two planes. 

Mod. k , fig. 93. The lateral edges of the prism re¬ 
placed by tangent planes. 

Mod, 1, fig. 94. The lateral edges of the prism re¬ 
plied by two planes. 

Mod. i and l would produce other Oblique Rhombic 
Prisms, varying from the primary and from each other, 
in the angles at which their lateral planes would meet. 
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^C-yrtal- This class of prisms may generally be distinguished 
uv.‘.ii'liy. f mol rhouilmid* by (he unequal inclination of the plane 
f to three adjacent primary plaUts, and by the dissimi¬ 
larity of the planes,/’and A, fit g and k. 

THE DOUBLY OBLIQUE PRISM. 

Fig. 95. 

(107.) In this class of prisms the inclinations of P on 
M, P on T, and M on T, are all different. 

r l'he edges and angles of these prisms may be de¬ 
signated by the same terms a3 have been used lor the 
corresponding ones of the oblique rhombic prism. 

The different Crystals belonging to this class may 
differ from each other in the inclination of P on M, 
P on T, and M on T, and in the ratios of the edges D, 
F, and H. 

Hind, a, fig. 96. The obtuse solid angles replaced by 
single planes. 

M<>d. b, fig- 97. The acute solid adglcs replaced by 
single planes. 

Mod. c, fig. 98. The lateral solid angles E replaced 
by single planes. 

Mod. d, fig. 99. Lateral solid angles I replaced by 
single planes. 

Planes a, b, r, and d may be denoted similarly to 
those of Mud. e of the oblique rhombic prism. 

Mod. e, fig. 100. The obtuse terminal edges D re¬ 
placed by single planes. 

Mod. f tig. 101. The acute terminal edges C re¬ 
placed by single planes. 

Mod. g, fig. 102. The acute terminal edges D re- 
pln< cd by single planes. 

/!/'■'/. h. fig. 103. The obtuse terminal edges F re¬ 
placed by single planes. 

Mod. i, fig. 101. 'I’lie oblique edges of the prism 
replaced by single planes. 

Mod. fig. 105. The lateral edges of the prism re¬ 
placed by single planes. 

From the dissimilarity of any two adjacent edges or 
angles of this class, the separate Modifications produce 
only single planes ; but several varieties of these may 
occur on the same edge or angle. The secondary forms 
belonging to this class, are among the most difficult 
Crystals to be understood. 

THE RHOMBOID. 

Fig. 100. 

(10ft.) The angle atT is the superior, that at O the 
inferior, and those at E the lateral angles of the plane 
JP. The edges B are the. superior, and those at D the 
inferior edges of the same plane. 

The solid angle at A is the terminal, and those at E 
and O are the lateral solid angles. The edges II are 
the terminal, and 1) the lateral edges of the Rhomboid. 

Rhomboids are distinguished from each other by the 
inclination of P on l v . When P on P' measures mare 
than 90°, the Rhomboid is called obtuse ; when less it is 
called acute. 

Mod. a, fig. 107. The terminal solid angles replaced 
by tangent planes. 

Mod. b, fig. 108. The terminal solid angles replaced 
by three planes resting on the primary planes. 

Mod. c, fig. 109. The terminal solid angles replaced 
by three pinnes resting on the primary edges. 

Each of the Modifications 6 and c would produce a 


series of Rhomboids more obtuse than the primary ; but Tallies of 
differing in their relative po-itions. the Primary 

Mod. d, fig. 110. The terminal solid angles replaced 1 '" r,nM “ m j 
by six planes. The new figures are obtuse dodeeahe- "'l'"'r AWl * 
drous whose planes arc generally scalene triangles. . ra luns -. 

Mod. e, fig. 111. The lateral solid angles replaced 
by single planes parallel to the aris of the Rhomboid. 

These planes are the lateral planes of a regular hex¬ 
agonal prism. 

Mod. f fig. 113. The lateral solid angles replaced 
by two planes, Whose edge of intersection is parallel.to 
the axis of the Rhomboid. 

These planes represent the lateral planes of a series 
of dodecahedral prisms. 

Mod. g, fig. 113. The lateral solid angles replaced 
by single planes intersecting the primary planes parallel 
to their oblique diagonals. 

The new figure would be a Rhomboid more acute 
than the primary. 

Mod. h, fig. 11 1. The lateral solid angles replaced 
by two planes intersecting the primary planes parallel 
to their oblique diagonals. 

The new figures would be acute dodecahedrons, whose 
planes are generally scalene triangles. 

Mod. i, fig. 115. The lateral solid angles replaced 
by single planes which intersect the primary plunrs in 
lines that converge towards the summits. 

The new figures would be Rhomboids, more acute 
than the primary. 

Mod. k, fig. J16. The lateral solid augles replaced 
by two planes, w hich intcisect the primary planes similar 
to Mod. i. 

The new figures are generally acute dodecahedrons 
with scalene triangular planes. 

Mod. I, fig. 117. The lateral solid angles replaced 
by single planes, whose, intersection with the. primary 
planes converge toward the. inferior unglis. 

This Modification produces Rhomboids more acute than 
the primary, but in an inverse position to those of Mod. i. 

Mod. m, fig. 118. The lateral solid angles replaced by 
two planes, whose intersections with the primary planes* 
are similar to those of Mod. 1. 

The new figures are acute dodecahedrons, generally 
with scalene triangular planes, and in an inverse posi¬ 
tion to those of Mod. A or k. 

Mad. «, fig. 119. The terminal edges replaced by 
tangent planes producing a Rhomboid more obtuse than 
the primary. 

Mod. o, fig. 120. The lertniuul edges replaced by- 
two planes. 

The new figures are obtuse dodecahedrons, whose 
planes ore generally isosceles triangles. 

Mod. p, fig. 121. The lateral edges replaced by tan¬ 
gent planes. 

Planes p are the lateral planes of a regular hexagonal 
nrisin. 

Mod. q, fig. 122. The lateral edges replaced by two 
planes. 

From this Modification there results a series of dode¬ 
cahedrons, whose planes are always scalene triangles. 

Some of the Modifications of the Rhomboid ami the 
secondary forms which they produce, bear u general 
resemblance to those of the oblique rhombic prism, us 
will be readily perceived by comparing Mod. a of the 
prism with a of the Rhomboid. And by respectively 
comparing gaud f of the prism with n ami p ot the 
Rhomboid. 

.1 .n 2 
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Crystal- But these* forms may be distinguished by the equal 
lugriijihy. inclination of a of the Rhomboid on t)ie three adjacent. 

planes; or by the simultaneous Modification of the 
three terminal or six lateral edges of the Rhomboid. 

When the primary planes of the Hhombnid are effaced 
by secondary planes, it is only by observing the direction 
of the cleavage planes, or some other determinate cha¬ 
racter, that the Modification to which the secondary 
figure belongs can be ascertained. 

Of the. Application of the preceding Tables. 

(109.) The preceding Tables and remarks will have 
afforded the reader such n general outline of the relations 
among the several primary and secondary forms of 
Crystals, as will enable him in very many cases to de¬ 
termine at once the primary form and modification of 
any given Crystal. But lie may not be enabled to do 
this generally without some further explanation of the 
method of what may be termed reading Crystals. 

The practical use of Crystallography is, as we have 
before stated, to enable the Mineralogist to determine 
the species of a mineral from uu examination of its 
crystalline forms, • 

These forms are either primary or secondary; they 
are frequently very complicated ; and the Crystals from 
which they are to be determined, are generally only 
fragments detached from the matrix on which they 
have been produced, and arc occasionally very imperfect. 

(1 lit.) The regular symmetry of the secondary forms 
of the cube is such as to admit little doubt concerning 
the primary in those eases where the secondary' planes 
can be distinctly recognised. Rut the planes a of the 
regular octahedron are not always distinguishable from 
those of Mod. a of the square prism, without measure¬ 
ment. 

(111.) The secondary forms of the square prism may 
generally be distinguished from those of the cube by the 
want of simultaneous and similar Modifications on the 
lateral anil terminal edges, aud by the ditfereuee of 
measurement between the octahedrons derived from it 
and the regular octahedron. 

(112.) When there is only a single set of cleavages 
parallel to the lateral planes of asquare pi ism, the planes 
parallel lo the cleavage ore assumed to be the primary. 
If there are two sets of cleavages, parallel to the planes 
M and <1, either of these might lie considered the piimory 
set; and in respect of any Crystals already described we 
can only ascertain which set lias been assumed as I lie 
primary by a comparison of the Crystals themselves 
with the published descriptions and figures. 

(113.) The right, rhombic prism presents very little 
analogy to either of the preceding forms, unless the 
inclination of the lateral planes upon each other is very 
nearly a right angle. The octahedrons which might 
then result from Mod., e would nearly resemble those of 
the square prism, as the inclination of e on e' would be 
nearly the same as that of e! on e". But the rhombic 
prism may then be distinguished from (lie square prism 
by either of the Mods, f or g or A or i appearing singly 
oil the Crystal. 

There is» sometimes u cleavage corresponding to the 
position of the planes M, M', in Crystals belonging to 
this form, in which case those planes are determined 
from the cleavage. But occasionally the only apparent 
cleavages arc parallel to/or A, in which case the planes, 
which are to be regarded as M M', must be inferred 
from some analogy to other Crystals. 


OGRAP H Y. 

(in.) The oblique rhombic prism will be dislin- Of the 
guishablc from the right rhombic even when the iucli- Apiilioatk 
nation of 1’ on M is very nearly 90°, by the want ol 
corrcspondig planes on the lirout and back of the Crystal 
in the Modifications a or r, b, or d, and for g, as may I<r . ^ . 

be seen by comparing those respectively with Modifica¬ 
tions a, b, and c of the right rhombic prism. 

The distinction between the secondary forms of this 
prism and of the rhomboid have been already pointed . 
out in the 'fables of Modifications. 

The primary planes of this class of prisms are to be 
determined either by cleavage or from its secondary 
planes. The varieties of cleavage that occasionally 
present themselves tnny lie seen by referring to the 
different minerals whose Crystals assume this form. 

(115.) The doubly oblique prism will be found the 
must difficult of all the primary forms to determine 
from its secondary Crystals. It is distinguishable from 
ull other forms jvhon its Crystals are single, by tin* 
absence of symmetrical planes analogous to those of 
other prisiqs ; but it very frequently occurs in hcinitrope 
or twin Crystals, which must resemble some of the 
forms of the oblique rhombic prism, and can then be 
distinguished only by some reentering angle or other 
character on the surface of the Crystal. The best guide 
to a knowledge of these forms is an attentive examination 
of the Crystals of nxinitc for simple figures, and dcave- 
landite for hcinitrope forms. 

(116.) The rhomboid will generally be readily dis¬ 
tinguished from all other forms by its three or six-- ided 
pyramidal terminations, and by the three, or six, or nine, 
or twelve-sided prisms which are derived from it. An 
examination of the Crystals of carbonate of lime and of 
oligiste iron will afford abundant examples of secondary 
forms belonging to this figure. 

It will be seen by the Tables of Modifications of the 
rhomboid, that any mineral may present numerous 
secondary rhomboids as well as the primary, either of 
which might be assumed as the fundamental limn of 
the whole. Bui it is usual to regard that particular 
rhomlwiitl as the primary, which is indicated by the 
cleavage planes. 

(117.) The manner of holding a Crystal for examina¬ 
tion requires some attention on the part of the observer, 
whose first object should be lo discover two or more 
symmetrical planes, and to hold these either vertically 
or horizontally as they appear to be either lateral or 
terminal planes corresponding with some of the figures 
in the tables. The Crystal may then be attached to n 
piece of ivax-taper in a position corresponding to the 
apparent symmetry of its planes, and be more minutely 
examined. 

(118.) A circumstance which has not yet been alluded 
to, but which is by no means of uncommon occurrence, 
a very disproportionate extension of particular planes, 
will frequently increase the difficulty of reading a Crys¬ 
tal. A very remarkable instance of this character pre¬ 
vails in copper pyrites, anil has been the occasion of the 
erioncons opinions entertained until lately, respecting 
the primary form of that substance. 

la ail the works on Mineralogy, prior to that of 
Professor Mohs, its primary form is stated to be a regu¬ 
lar tetrahedron. Mohs, however, discovered that the 
Crystal was an octahedron with a square base. The 
two following figures represent Crystals containing equal 
numbers of similar planes ; fig. 123 having these planes 
regularly placed on the octahedron, and fig, 124 repre- 
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Crystal- seating the Crystal as it frequently occurs in nature, 
tograjiliy. w ji|, S ome of its planes considerably enlarged. The 
' same letters are placed on the corresponding planes of 
each, which are in parallel positions on both figures. 

When Crystals of this irregular character occur, it is 
only by cleavage and by using the goniometer that their 
true forms can be accurately determined. 

Having ascertained by examination and comparison 
with the tables the class of primary forms to which any 
given Crystal belongs, the angles of its primary and 
secondary planes must be measured in order to deter¬ 
mine the species of the mineral. 

(119.) When a Crystal, whose primary and secondary 
forms are known, is to be described by the assistance of 
the preceding tables, the primary form is first to be set 
down, and its Modifications denoted by the letters 
under which they are urranged in the Tables. 

But us each Modification, except those which consist 
of tangent planes, comprehends an unlimited number of 
separate planes, differing from each other in the angles 
at which they incline cm the primary, it becomes neces¬ 
sary to add to the tabular letter which expresses the 
Modification, the angles at which the observed planes 
incline on the adjacent primary ones. 

It has been already seen that Mod. b of (lie srpmre 
prism, represents an indefinite number of planes vary¬ 
ing in their respective inclinations mi P, M, and M'. 
Let a given square prism be modified by planes corre¬ 
sponding to b, and let the inclination of one of the 
planes on P, M, and M' be denoted by x,y, and 2 , these 
letters signifying any number of degrees mid minutes. 

A Crystal containing the primary planes of the square 
prism, and a set of planes belonging to b might then be 
thus described : 

(6.P = x 
Square prism 6<6,M = y 
t*,M'= 2. 

The character of the plane being tlms established, it 
may afterwards, in order to avoid the repetition of the 
measurements, be described as 61. 

Let us now suppose on another Crystal, another set of 
planes of the same Modification, inclining on P, M, and 
M\ at tlie angles x', y', and z', and a third set inclining 
on P, M, and M / , at the angles x‘\ y", and s"; these 
planes may be described as 62 and 63 : 

(62,P ~.i J 
62<62,M = y' 

(62, M'— z r 
(63,P = jc" 

63< 63, M = y" 

(63,M'= z". 

It will he convenient to call that plane No. 1, which 
inclines at the most obtuse angle on the primary plane 
to which it is referred ; that No. 2, which is next in its 
inclination; and so to denote the series in the order of 
their respective inclinations on the same primary plane. 

This method of description may lie applied, whether 
the three planes have occurred on the same or on differ¬ 
ent Crystals. 

The inclination of the modifying plane on two of the 
primary planes, is generally sufficient, when a solid 
angle is modified, for determining the law of decrement; 
but the third inclination serves as a check upon the 
accuracy of the other two. 

If the lateral edge of any prism whose angles arc 
known, be modified by one or more planes, it will be 
sufficient to give the inclination of each on either of the 


lateral primary planes, from which the inclination on the Of the 
Other may be readily deduced. Ky mbuW 

This method of description may lie extended to all 
classes of primary forms; and will convey an accurate 
description of the planes to which it refers. 

Crystals may frequently present themselves whose 
primary forms are unknown to the observer, and whose 
secondary planes do not enable him to determine them; 
in which case drawings of the Crystals should bn given, 
accompanied by the measured angles of the several 
planes. And it may be remarked that the most valuable 
information a Mineralogist can receive relative to Crys¬ 
tals, is accurate measurements of their angles, accom¬ 
panied by figures of the measured Crystals. 

The laws of decrement arc required for drawing these 
figures with accuracy; but the figmes drawn by the late 
Mr. Phillips merely from the Crystals themselves, prove, 
that a sufficiently precise idea of the forms of Crystals 
may be conveyed independently of the laws of decrement, 
to identify any crystallized mineral from the given figures 
and measurements. 

(120.) it has been seen, that the Modifications oil tho 
angles of some of the primary forms comprise planes 
which are produced by different kinds of decrement, 
some of which arc distinguished by the character —, or 
s , or ,, added to the letter denoting' the Modification. 

And it may possibly appear to some of our readers, that 
different Modifications ought to have been established 
for these different planes. This would, however, have 
rendered the Tables less generally applicable to the de¬ 
scription of secondary forms, independently of the theory 
of decrements, than they arc at present, which will be 
obvious on referring to Mod. a, 6, c, or d, of the doubly 
oblique prism. All that can he known of any individual 
plane belonging to either of these, independently of cal¬ 
culation, is, that it belongs to such a Modification, and 
inclines on two of the adjacent primary 'planes at parti¬ 
cular angles ; and this furnishes an accurate record of 
the particular plane. 

But if Mod. a had been divided into four classes, it 
could not be known, without previous calculation, to 
which of those an observed plane ought to be referred ; 
and the measurement of the Crystal would not in such 
case afford a sufficient description of the secondary form. 

It will, be convenient while measuring Crystals <o 
recollect that fhe sum of the angles at which any plane, 
whose edges are parallel,■ inclines on the two planes it 
intersects, is always equal to the mutual inclination of 
those planes, increased by ISO 3 . Thus if M on T of 
the doubly oblique prism measure 117°, and M on i 
measure 110°, i on T will measure 117° +• 18o°— lip 3 . 

PART II. 

Of the Symbols employed lo represent the haws of De- 
crement by which the Secondary Planes of Crystals 
may be produced. 

(121.) It has been shown that the molecules in the 
edges of the defect of any primary form occasioned by 
any law of decrement, arc respectively proportional lo 
the numbers by which such law may be expressed. These 
numbers may be denoted by the letters p, t/, r ; p and y 
referring to the terminal edges, and r to the lateral edges. 

When.a terminal edge is modified, the ratio of p to r 
will express the Jaw "of fhe modifying plane. When a 
lateral edge is replaced by a plane, its law will he ex- 
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pressed by—. When a plane resulting from a simple 
decrement replaces an angle, and internets the terminal 


plane parallel la a diagonal, it will be denoted by — ; 

■r 

q being in this ease equal to p, and therefore unnecessary 
to be introduced into the expression of the law; if the 
modifying plane intersects a lateral plane parallel to a 
diagonal, q and r must he equal, and the law may be 


n 

denoted by —, which will also distinguish this from the 
preceding class of planes. 

(125i.) In the Tables of Modifications certain letters 


are placed on the figures of the primary forms, to denote 
their edges, angles, and planes. 

The order of these letters, A E IO, B C D F. C. H, 
is that of the alphabet, arranged from led to right, ac¬ 
cording to the ordinary method of writing. 

The planes which are parallel to those exhibited in 
the several primary forms; may he denoted by prefixing 
the symbol of parallelism |( to the letters on those planes, 
as || P, || M, || T. 

(143.) In describing a secondary Crystal, whose pri¬ 
mary form is known, and upon whose similar edges or 
angles any number of new planes have been produced, 
it is sufficient, generally, to express the law of a single 
plane of each set. For the change of figure which any 
primary form has undergone would thus he indicated. 
And in drawing the Crystal corresponding planes would 
be placed upon all its similar edges or angles. 

It sometimes, however, occurs that all the similar 
edges or angles of Crystals are not similarly modified, 
and it will therefore he necessary in these cases to indi¬ 
cate the absence of the miniilying plane from some edge 
or angle, where, according to the law of symmetry, it 
ought to appear. 

Distinct kinds of symbols arc also required to distin¬ 
guish simple from intermediary decrements. 

The following examples of the forms and application 
of symbols to denote the Modifications of a doubly 
oblique prism will include both these classes, and will 
sufficiently explain the method of using them. 

(124.) The Crystal to be described is first supposed 
to be held with the plane marked P, horizontal, and 
with that edge or angle nearest to the eye, on which the 
decrement to be. described has taken place. 

Let the Crystal be modified by a plane belonging to 
the scries comprehended.under Mod. a. 

These planes muy incline more or less on either of 
the adjacent primary planes, and may result either from 
siihple or intermediary decrements. 

It' the modifying plane intersects the terminal plane 
parallel to its diagoual, and is occasioned by a decre- 

i 

nient of one row of molecuies, its symbol is O, and may 
be read, one over O. If the decrement consist of two 




rows in breadth, the Bytnbol is O, and if by three rows in 


breadth and two in height, it is O ; and 90 of any other 
decrement in that direction. 

If any plane a intersects (lie plane M parallel to its 
diagonal, and is produced by a decrement by v rows of 
molecules, » representing any whole, number or fraction, 
it is to be denoted by.(), and be read, v on the left of O. 

If it intersects the plane T. parallel to its diagonal, it 
is to be denoted by 0 „, and be read, v on the right of O. 


If the plane has been produced by an intermediary 
decrement, consisting of two molecules in the direction 
of the edge II, three in the direction of . 1 ). and four in 
the direction ol F, its .symbol is (1)3, 112, F 4.) and 
may be read, 3 on the edge D, 2 on 11, 4 011 F. 

If similar Modifications take place at the angle A, that 
angle is imagined to he nearest to the eye, and the new 
planes are to he described in the same manner as those 
at the angle O. 

If two or more planes modify the same solid angle, 
the symbols representing them are to be placed immedi¬ 
ately following each other. Thus, if the three planes at 
the angle O should occur on the same Crystal, its change 

v 

of figure would be thus represented „ 0 , O, 0 „. 

If three intermediary decrements ^should occur on the 
same solid angle, their symbols would also be placed 
following each other, thus, 

(DS.I1 >, F 4.) (D 4, 113, FG,) (D4, 111, F3.) 

(125.) To denote a decrement on a terminal edge of 
a doubly oblique, prism, the prism is again supposed to 
be placed or held with that edge nearest to the eye, the 
• plane l* continuing horizontal. 

If a terminal edge F he replaced by a plane resulting 
from a decrement by o rows of molecules, it would be 

denoted by F, and be read us before, 11 over F. 

If two dissimilar planes occur on the same terminal 

It if 

edge, the symbol is repealed thus F, F, which expresses 
the coexistence of the two planes on the same edge. 

If the lateral edge, (r or II be modified, the plane M 
is supposed to lie horizontal with the modified edge 
nearest to the eye, anil the decrement is then expressed 

V V 

by the symbol ti or II. 

All the symbols of simple decrements arc thus similar 
in their form, and distinct from those which represent 
intermediary decrements. 

(I 2 fi.) The secondary forms of Crystals may be sepa¬ 
rated into two principal groups : 

1. Those which arc strictly symmetrical, as Mod. a, 
b, c, d, e, or f of the cube. 

2. Those in which the same Modification does not 
occur 011 all the similar edges or angles, anil which 
may be subdivided into two classes : 

a. Those in which each edge or angle is replaced 
by only half the number of planes which the law 
of symmetry requires. 

b. Those in which only the alternate edges or 
angles are modified. 

To represent the secondary forms belonging to the 
first of these groups, it will be sufficient to indicate the 
character of a single plane belonging to any set of similar 
planes. 

The secondary form of the cube produced by Mod. b , 

v 

fig, 58, or c, fig. 59, may be denoted generally by A, 
The symbol representing a particular plane of Mod. c 
4 

might be A : and if these symbols be unaccompanied by 
any other character, they imply that the solid angles are 
similarly modified. 

An intermediary decrement producing any plane 
of Mod. d tnav be denoted by the general symbol 
(B„ B",). 

The planes of Mod. e are denoted by B, and those of 
/by B. 


Of the 
Symbols 
employed. 
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It may here be remarked that planes upon the angles 
>:;rHj)liy. 0 f an y primary form which in the Tables of Mudifica- 
tions are said to rest upon the primary planes, arc pro¬ 
duced by decrements, in which the number of molecules 
in breadth exceeds the number in height; while in 
those which rest upon the edges, the number in height 
exceeds the number in breadth. The numbers or frac¬ 
tions expressing the first of these sets will l\e always 
greater than unity, as 2,3, 4, jj, b &c.; and those of 
the latter always less than unity, as &c.; and 

the planes in this latter case are carried, as it were, over 
the solid angle. 

(127.) Where an angle or edge of the cube is modi¬ 
fied by only half the number of planes d or f which 
the law of symmetry requires, the Crystal may be 
denoted by (0), (B„B' r , 11",), or (B„H' V B",), (0) 
according as the plane d or d 1 ' is deficient, the -cipher 0 
signifying the absence of one of these modifying planes; 

or, where only one of the pair of planes f occurs on an 
»> 

edge of the cube, by U, and if the position of the modi- 
0 

fying plane be reversed on the alternate edges, by 

» o 

11, B. 

0 v 

(128.) If only the alternate angles arc modified by 

I 0 

the plane a, the symbol would be A, A'. 

v 0 

If by the planes b or r, the symbols might be A, A, 

or A. A' according to the positions of the modified and 
unmodified angles in the figure 63 whose symbol is 

rt l 

A A'. 

When Mml. d occurs on the alternate angles its 
symbol might be A (B,, 11', ll" r ), A' (0) or A (0), 
A'(II,, 11', U",). Hut it will be convenient in many 
cases of defective Modifications to represent the Crystals 
l>v figures, in order to avoid the complicated character 
which the symbols might assume. 

(129.) It will lie convenient when the secondary 
forms of Crystals are described by means of these sym¬ 
bols, to observe some certain order in their arrangement 
iuto what may be termed the Ihcoreticul image of the 
Crystal; although the particular order in which they are 
placed is a matter of iiidilferencc. 

The primary planes may be placed first, and then- the 
different Modifications in the order in which they are 
given in the Tables, ami denoted by the same letters. 

Thus if a right rhombic prism should be modified by 
planes belonging to a, c, f, h, and g, and also retain 
portions of the primary planes, the representative symbol 
! •' i « ' 

might be this, P, M, A, E, B, II, G. 

a c c g k 

.Here the laws of decrement producing the secondary 
planes are represented by the upper series of symbols, 
and the lower series consists of the letters on the corre¬ 
sponding modifying planes in the figure of the Crystal. 

The relations of these symbols to the several Modi¬ 
fications will be seen in the following Table. 

(130.) It may not be useless to remark, that the 
indices employed in this'Treatise to represent planes 
produced by intermediary decrements, are always 
whole numbers ; whereas the symbols used by llafiy to 
represent similar planes, frequently contain fractional 
indices. 

There is not, however, any real difference in the cha¬ 


racter of the plane so denoted, by the two methods of Table u r 
representing it. Sunbols 

A particular plane modifying the angle O of (ho 
doubly oblique prism would be expressed by Uaiiy as ,11 " u ’ <l,u 


(D2 


,b: 


M*\ 1*1 ill 

_ . . it* , • lUtulirtca- 

. . >x3), and would be understood to imply that tum» i.f iluj 

the compound molecules abstracted in the production of l’" l ' ir y 
the new pluue,' consisted of smaller compound ones, , 
each being three molecules in height, and two in 
breadth, repeated twice on the edge D, ami three times 
on the edge E. 


It will hence be readily perceived, that if in Ilaiis’s 
symbol wc substitute for the letter denoting the une.lt 
on which the decrement is conceived to take place, that 
which denotes the edge upon which that angle may he 
said to rest, and place the ‘denominator of his fraction 
alter it as its proper index ; and if wc multiply at the 
same time his other indices by the numerator of his 
fraction, the new symbol will be similar in character to 
those which are contained in this Treatise. 


This method of converting the form of the one symbol 
into that of the other, may be considered general, anil 
by reversing the process, the symbols given in these 
pages may be converted into the Ibmi of those which he 
has used. 


Table of Symbol * corresponding to the severed Modifi¬ 
cations of the Primary Forms. 

i 

(131.) It is evident from what has preceded, that A 
and A, must represent the same plane, because a decre¬ 
ment by one row produces u plane that intersects the three 
adjacent primary planes parallel to their diagonals. But 
it is convenient tocxpiess this decrement by the symbol 

I 

A. And hence in the symbol „A or A„, v must always 
be greater or less than 1. 


I’llmary Form. 

SSj mbnj. 

i 

When « is 

Iti'pr 

Mod. 

CM'nta 

I'lnw. 

Cube . 

« 

A 

= i 

« 

a 



>i 

b 

b 


© 

<» 

c 

0 


U 

--1 

<r 

r 



> i 

/ 

f 



.... 

,t 

d 

Square prism.. 

A 

any No. 

. « 

a 


A. 

>or<l 

b 



¥ 




* 

U 

any No. 

c 

c 


a 

= 1 

■J 

a 



>1 

e 

r 


(B r B\Gr) 


b 

b 


V 


* 


Right rhombic prism . 

A 

any No. 

a 

a 


■ A* 

>or<l 

6 



u 

K 

any No. 

e 

p 


E. 

>or<l 

d 

d, 


m 





B 

auy No. 

r 

e 


¥ 

H 

- l 

f 

/ 



>> 

3 

3 

, 

a 

— I 

A 

A 



>i 

1 

i 




b 

b 



• • 4 • 

d 

d 
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Crystal¬ 

lography. 





lirpinti'iits I 

Primary Form. 

Symbol. 

NVho 11 v is 

Mod 


Oblique rhombic prism 

«» 

0 

o„ 

any No. 

> or < 1 

0 

b 

« 

b 


V 

A 

any No. 

e 

€ 


A* 

>or< t 

d 

<>i 


K 

any No. 

c 

e 


Ko 

> or < 1 

c 

e, 


v % 

> or < 1 

e 

< 


» 

any No. 

f 

f 


V 

B 

any No. 

9 

9 


r 

H • 

— 1 

h 

h 



> 1 

i 

« 


(i 

= l 

k 

k 



> 1 

1 

l 


r D,!)’, HV) 


b 

b 


,b p h;iiii,) 

. ... 

a 

d 



.... 

c 

e 

Doubly oblique prism . 

6 

0 . 

any No. 
>or<l 

a 

a 

a 


.0 

>or<l 

a 

< i 


V 

A 

any No. 

b 

1 



>ur<l 

t, 

h, 


*A 

>or<l 

b 

■it 

• 

n 

K 

•• 

any No. 

c 

C 


F. 

>or<l 

V 

<•/ 


,K 

>or<l 

c 

\ c 


* 

I 

any No. 

d 

5 


I. • 

>or< 1 

d 

<h 


,1 

>or<l 

d 

<• 


11 

D 

any No. 

e 

e 


C 

any No. 

/ 

/ 


B 

any No. 

9 

9 


¥ 

any No. 

h 

A 


11 

any No. 

i 

1 

9 

G 

any No. 

k 

A 


(D,, F, IT,) 
(C.B.IIV) 

.... 

a 

a 


• • ■ • 

h 

r 

b 

c 


(F,C,GV) 

• • • • 

d 

A 


A 

=r 1 

>1 





b 

4 



< 1 

* c 

c 


K 

— J 

9 

9 



> or < 1 

h 

h 


6 

— 1 

9 

9 



— 2 

€ 

e 



>2 

1 

/ 



<2 

i 

1 


B 

= 1 

n 

n 



>1 

0 

0 


1) 

z: 1 

p 

p 



>1 

•1 

9 


.... 

d 

d 


(»,iy,B'" r 


f 

f 



1 in annus 1 

t 

k 



1 other ra- 

m 

m 



l tin. J 




Calculation of the Laws of Decrement. Calculation 

J J of the 

(132.) The symbols given in the preceding Table Laws of 
express in general terms the Laws of Decrement which J l-iri ' mi ‘ n ■ 
produce the several Modifications before described. 

To determine the law of any particular plane belong¬ 
ing to any Modification, the particular values of 71 , r/, 
and r, or of p and r, in relation to such plane, must be 
found. 

It has been shown (42.) that the edges of the defect 
of any primary form are, when the decrement pro¬ 
ducing it consists of one row of molecules, proportional 
to the corresponding primary edges, being in all other 
cases respectively proportional parts of those edges. 

And the problem of determining the particular values 
of p, 17 , and r, is in reality that of finding the propor¬ 
tions of the several primary edges which are cut off by 
the modifying plane, and which constitute the edges of 
the defect. 

(133.) When the primary edges are unequal, the 
terminal ones, if equal, may be expressed by in, and the 
lateral edges by «. When the terminal edges are un¬ 
equal, as in the doubly oblique prism, one of them may 
be denoted by in, and the other by o, and the lateral 
edges by n. When a decrement by one row of molecules 


produces a new plane, it is evident that 


P_ 

r 


will be equal 



When h plane is produced by any other law, the ratio 
of the edges of the defect will assume the form of 

7) 7/1 1) 

-, and the Law of Decrement —, or v, is obtained if 

rn r 

the ratio of the edges of the defect be divided by the 
ratio of the corresponding primary edges. 

But the Law of Decrement may in particular cases 
be more conveniently determined from the ratio of an 
edge to.sonic other line which would be proportionally 
intercepted by the modifying plane, and which may, 
when necessary, be denoted by l. 

31.) The following is a general method of dis- 
coveiiug the Law of Decrement, by which any new 
plane has been produced upon any primary form. 

To ascertain the ratio of i b to i e, fig. 125, being the 
edges of the defect produced by a decrement on an 
edge of any parallelepiped, the inclination of the pri¬ 
mary planes to each other being known, and also the 
inclination of the modifying plane ah c f to the pri¬ 
mary planes P and T, the angles of the plauc triangle 
i b c are required. 

These may be obtained by means of a spherical 
triangle, whose angle A is the supplement of the inclina¬ 
tion of P on the plane a b cf, B the inclination of P on 
T, and C the supplement of the inclination of T on 
ab cf. 

From this spherical triangle the side a containing the 
required angle ib c may be deduced from the known 
formula. 


sin 




cob ft (A -t- u-pij. cos (H-hj- 


___VI 

v sin B . sin C / 

and by applying the same formula to a second spherical 
triangle, whose angle 

C is similar to that of the preceding, 

B is the inclination of M on T, 

. A the supplement of M on a b cf, 
derived from actual measurement, or deduced from its 
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rn**ii\- known inclination on P, mul of P on M, the side a, 
l.._ i-vj.liy. which contains the other required angle i c. b, may be 
obtained. 

Having thus determined the two plane angles, i b c, 
i r b, the ratio of i b to ie. is known from the relation of 
the sines of the angles of triangles to the sides subtending 
those angles, thus, 

i b : i c :: sin i cb : sin i b c. 

If the new plane has resulted from a decrement oit 
the edge h i, by one row of molecules, the lines i ft, i r, 
must be to each other as vi to », and then 

sin i ch : sin * b c :: m : n. 

But if the new plunc has resulted from a decrement 
by unequal numbers in breadth and in height, the ratio 
of i b to i c will be as p m to r n, p representing the 
nutnlier of molecules abstracted in the direction i k, 
and r the number in the direction i d; and dividing 

this ratio by ^, a Law of Decrement is given of p rows 

in Ife.idth, or in the direction of i k, and q in height, or 
in tin- direction of the edge i d. 

(135.) The ratios of the three edges, i ft, i r, i a, .fig. 
126, intercepted by a dericmcnt on one of the angles of 
a pandlelopiped, may be thus determined. 

The inclination of the primary planes to each other 
being known, the three plane angles at i may be de¬ 
duced by means of a spheiienl triangle; and having 
measured the inclination of the plane a h e on P, M, 
and T, the plane angles at a, b , and c may be dis¬ 
covered by means ol two spherical triangles, whose 
nngl.-s are those at which the primaiy planes incline to 
each other, and the supplements of those at which the 
secondary plane inclines on the adjacent primary planes. 

The plane angles nt a. ft, and e, being found, the 
Tjiiw of Decrement may be determined iioin the ratios 


of i b : 

/ c ami i b 

: i a. 



Let 

i k 

: id : 

: m 

W, 

and 

. 2 k 

: i h : 

: 777 : 

0, 

ami let 

i b 

: i c : 

: pm : 

: r v. 


i b 

: i a : 

: p m 

■ ‘jo. 


... ..... P m l m p m in 

-Alter dividing — by -, and — by —, 
run q a o 

we find i b — p, 

i a = q, 
i c = r, 

implying a decrement by p molecules in the direction of 
i k, q in that of* h, and r in that of* d. 

If fig. 1:26 he a doubly oblique prism, and the edges 
i It, i k, i d, be respectively denoted hy D, F, H, the 
symbol of the plane, a b e, would bo (F p I), ll r ). 

By this general method, when the inclinations of the 
primary planes to each other are known, and also that 
of the secondary plane on one or more of the primary, 
the Law of U.ecrement may he found by which any 
secondary plane lias been produced on any primary form. 

But as it will appear in the sequel, the methods of 
determining this law become much more simple in 
reference to several of the primary forms. 

It inav not be .useless again to observe, that when a 
Law of Decrement producing any plane is to be deter¬ 
mined, its general symbol is first to be found in the 
preceding Table*, and then the particular ' values of its 
indirrs are to be'determined. . 

VUJ.. VI. 


Ill simple decrements, these values may be deduced 1 
from some simple ratio, as that of indiu* to "tangent, ur of 
sin a to sin ft, and the following may be regarded as the 
general process lor determining the law of an inter¬ 
mediary decrement. 

1. To measure the inclination of the secondary planes 
oil two of the adjacent primaiy plain’s. 

2. To determine the two plane angles at the tciini¬ 
tiation of the greater edge of the deful of the pri¬ 
mary form occasioned by the secondary plane. 

S'. From a knowledge of these plane angles, and of 
the plane angles of the primary planes, to deduce 
the ialios of the edges of ill? defect. 

4. To divide these ratios hy the ratios of the corre¬ 
sponding edges of the primary form, and thus to 
deduce the Law of Decrement. 

(136.) From vvliat has preceded it will lie leadilv 
perceived that (lie ratios of the primary edges of Crys¬ 
tals may lie determined, hy assuming some observed 
secondary plane replacing an edge of those iorins wlmsg 
terminal edges are equal, or tepluomg an angle of those 
who>-e terminal edges are unequal, to have been pro¬ 
duced by sonic given Law of Decrement. J| by one row 
of molecules the ratio of the primaiy edges corresponds 
to that of the edges of tile deftc! occasioned by suell 
plane. And if any other law be assumed, the ratios of 
tile primary edges may evidently lie determined, from 
the division of the ratios of the edges ol the defect by 
tile assumed Law ol Decrement. 

(137.) In the methods about to be given of deter¬ 
mining- the Laws of Decrement in relation to each of 
the primary forms, a single, reference only is given in 
each case to the figures contained in the Tables of Mo¬ 
difications, and to one or two other explanaloiy ones. 
This has been done to avoid the confusion of perpetual 
references to dilfcrent figures. And it is to be under¬ 
stood that whenever the inclination of two plums is 
given, as I *,a, V.b, itc. these, letters re.fer to the Tabh -> i f 
Modifications ; and whenever any lines or plane, angles 
arc referred to as line a ft, or angle a ft o, th- a’ Will be 
found an the etplauahry figures. 

(138.) The inclination of the primary planes, the 
ratios of the primary edge*, &c , ate termed the cry-./al- 
lographical elements of the primary form.. 

Tt will he found particularly convenient in examining 
and describing Crystals, to determine these elements in 
the first instance for each particular substance, si: at In 
have tlirm ready for computing the Laws of Decrement 
of the modifying planes. 

The liirniuhe given for this purpose are generally 
derived iioni spherical trigonometry, and arc in most 
instances so easily deduced as to render demonstration 


m 


or — is already 
n 


unnecessary. And as the division by 

effected in these, they immediately give the value to be 
V 

substituted for -. or its equivalent v in the general 


symbol. * 

The reader will thus have before him, Tables of all the 
groups of forms which can icMilt from regnhu I'tystalr 
li/.ation ; Tables of the Laws of Decrement expressed in 
general terms , by which the modifying planes ol these 
groups might he respectively produced; and the means 
of determining the particular law from which any indi¬ 
vidual plane of either of these groups might result. ^ 
Some other relations among- piunaty and secondary 
forms will also be pointed out. 

3 o 


thilL-ul.it:,-n 
of the 
Toms of 
Di-i-n-uieiit. 
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TIIK CUB]'.. 

Fig 36 to t: 1, ami 1:2’!’. 

Cry\!ttl!o” raphle-tt El-menh. 

(139.) Inelimnicu of :vnv two adjacent planes = {.'0°. 
Plane angles ~ ;,V'\ 

Kdgcs equal. 

liK'linniioti of mi edge to all oblique axis “ 
51 5 ‘ll’s". 

(MO.) Ratio ofliilf a ilia,".i.ia! to an edge. 

//y : Ac : : 

(141.) Ratio of uu edge to an oblique avis, 

/ c : i if :; 1 : ,/3. 

Simple l)i'n\Tii, ids On the Annin producing 
plain* b. and e. 


Gcnoial ,symbol V 
(I 1 : 2 .) 


It V I 


(143.) 


■ P,?i) its used 
clearly the de- 


Iali (ISO’ - I’,6) 

_ I{ V'L 

(an (ISO®"— IV)’ 

(141.) The expressiob tun (180° — 
instead of — tan l*,A to point onl mou 
rivatinn of the given angle ; an o'n.ervation which will 
apply to fntoie similar expressions of this and other 
trigonometric')) lines. 

(145 ) li is evident that h ( half the diagonal g [ is 
intercepted at the point //. bv tin' edge <i l> of a secondary 
plana resulting from a derromrnl hv one row of mole- 
cities, and would he jntereepted, proportionally to the 
edges, by any otiier law. It is tliviviore iiseii instead 
ol an editor expiessing the Laws of Decrement pro¬ 
ducing; the planes b and e. 

Decrements cm Ike Elites. 


(Jencral symbol R. 
(11G.) 


n 


(117.) cos h i f ~ 
(1 Is.) cos f i d 


Pjc" -- ,ts'~ i 5 4,j" tv 
— •.IVP-e'.V 
!>./= 2:25°- Iff. 

THE SQUAKE 1>KIS3L 
Fig. 65 to 70, and 12S. 

('ryiltiHngraphical Element* 

(130.) Inclination of any two adjacent planes “ 90’. 
Plane angles = 90°. 

Terminal edges equal. 

Lateral edges equal. 

(131.) Ratio of terminal to lateral edge, 
d a : af :: tn : n. 

(152.) Ratio of terminal edge to half diagonal of 
terminal plane, 

d a : a b:: : I. 

(153.) Ratio ot half diagonal of terminal plane to late¬ 
ral edge. 


riii- Kijn,.il¬ 
l’ll. in. 


a b : a f :: 




11. 


(134 ) Ratio of terminal edge to perpendicular upon 
diagonal of. 


• I, a : a c 


(135.) 

a e : u J 


• e 11 11 

fan a e f — - 

in 


m n 


( m’-j ■ if) ■ 


tan (I so 5 — I’,/) 

Tn/ormi diary [hm minis. 

The general svmbol nprcM-nlhri' a ..lain? ol Mod. d is 
(H, IV, II",). 

U CmT'-PV/) 

Mu ( ! M>°— I*.,/) ■ ■ 

_ R. cns(lf'fl"-iv/) 

sm ( l,‘.yP', ( /) 

Two plane angles of the detect being thus found, we 
have, 

'./ : ./ k :: It : tan A- / f :: p : q, 
if '■ f d :: R : Ian fid:: p : r. 

(1 10.) V lien any of the modifying plane:-, b , c, d, < r 
f occur upon the tetrahedron, octahedron, or rhondee 
dotlecahcilrou, their respective inclWiations to the plains 
of the cube must be inferred from the angles at which 
some of them incline to each other. 

Tile positions of such planes upon the tetrahedron, the 
octahedron, and rhombic dodecahedron may be readily 
found from their relation to the Modifications which 
produce those forms. 

Thus, P.A = 305° 15' 53"- b,a 

as 270° - b/ 1 


’ll : r. :: R : tan a i f. 

(15(1 ) Tile ratio, in • n of the primary'edges can he 
determined only from the inclination ol the primary to 
some secondary plane, assumed to lie produced by a 
given Law of Decicment. 

It a or e be assumed to have resulted from a decre¬ 
ment hv one row in' molecules, the latio of the edges 
ol the delict occasioned by either of these planes must, 
as already explained, correspond to that of the primary 
edges. If some other Law of Decrement be assumed, 
the ratio of the edges of the delict must then he du ided 
by (lint law to obtain the ratio of the piimary edges 

After (tie explanations already afforded of the methods 
employed tor discovering the Laws of Decrement, it 
does not appear necessity in future to do more, than to 
give the general symbol of each of tile Modifications, 
and the Ibnmdre by w hich the particular values of p. a. 
and r, in each symbol, me to be deduced. 

Simple. Decrement* on the. Angles. 

General symbols A, A„. 

(157.) A„ 


__ ii ll ij 2 

~~ m . tan (ibu 1 - J\«/)' 


This, formula expresses the ratio of the whole lateral 
edge to its defect, and also the numerical ratio of ha',! a 
terminal diagonal to the same defect. 

(i&a> A, 

«. Ian (180 — M,A) 

Decrements on the. Edge*. 

v *1 

General symbols B, G. 

(159.) Id, 


n R 


m . tan (180°— P,c)' 




C H Y S T A L L O U R A P II V. 


1 *r\ si ;d— 

0 **;l ) 


K 


tan ( 1 * 0 ° — Al.t) 

If r — 1 in (157.) or (159.) Ilie ratio of I ho primary 
oil if o.s may lie immediately obtained. 


( 161 .) 

(Uifi.) 


COS 1^8 = 
cos « g !c 


Intermed in ry ?). ■<• rent cut j. 

R. ms (ISO 0 — M, 6 ) 
sin ( 180 ° - V,h) ' ‘ 

Jl.cos P,&) 

"shi (-iH)°- M,/>) 

Whence « g : a i : : R : tan i g a :: p : (/, 
a g : g k : : TV : tan a « k :: p : r. 

In the cv.unimition of Crystals it is frequently neces¬ 
sary to ascertain the inclination of particular planes 
which cannot, be'measured, by means of known angles; 
or io determine the inclinations ol planes in particular 
directions from their known angles in other directions. 
For which purposes the following formula.- will he found 
mi Ini: 

P,a = 1st)’ — 

(163.) bin Ja'.rt" — J'i . cos l t a,a 

— COS («,«". 

The same relations subsist between r.s', c,c", and 
r.r 

Tiie plane angle at the base of an octahedron dc- 
liu’d 1 1 <'i»i Mod. a or <; being- denoted by r may be 
thus found : 

(lob) cos 


R . col 

tan h c,i-' 


(1 Go.) l-'rom the pi-ee--dingequations, 

R Ji R 


tan (tbit” - IV) “ tan (ISO' 1 — IV) ’ 

(160.) Whence 

1311(180° - i\«) “ JZ . tan (180° - IV). 
This relatio'n obviously subsists between the planes 

r f 

whose indices are A and 15, whom ver v is the same in 
both. 

(167.) And if r be equal in equations 2 and 5, we 
Jiav e 

n R f -1 _ R (rr? + /d)' 

vi .Tmi (lh 0 ° - IV) ~ ;r. tm"(ls'o 5 - M,b) 

(168.) Whence tan l \a = tan M,/i U? ^ 

ni{m i + ify 

»• 


(169.) And, Urn IV — tanM,5 

■m (rn* + rf)* 

(170.) If, in equation 2, v s= 1, and in 5, v = 


then 


n TlJ -2 


r R. (nr + « e )^ 


m. tan( I S0°— l*,«) ' p n. tan (ISO 0 — M,6)' 

(171.) Whence tan P.n. = tap M .6 p V . 2 

r in (?n 4 -f- 71 s )* 

It may be remarked that a regular eight-sided pyra¬ 
mid the planes of which are isosceles triangles, cannot 
be produced on the squ re prism by any regular Law of 
Decrement. . 


ilil. Ill-- i. — ill. 'VPI,' | iJISlI. 

Fig. 71 to ! >, a'n! !:.9. 

Cnjitc'b 1 .'i ,-i;. 

(172.) Inclination of tcru-ii-al t i Kt.-rnI planes — !)()°. 

Iilclinntimi ol lateral plane. dP ; i , in dit’ercuf 
mim-rals. -The greater angle is denoted by 
M.M'. 

Toiinnial plane angles coi respm :l io angles of 
prism. 

1,nteml plane angles —z !)o\ 

Terminal edges equal. 

Latcinl edges equal. 

(173.) Ratio of terminal to lateral edge, 
rf : o m •: m : n. 

(17*1.) Ratio of termiiu-.I edge to half le-eer diagonal 
of terniin.il plane, 

ef; fa:: It : cos A AI, AT' 

m .eos.J.Vl.M' 

It 

(175.) Ratio of terminal edge to Iiaif greater diagonal 
of tenninal plane, 

e f: <■ a :: R : sin A M,M' 



: : in : 


: : m : 


in . sin \ Al.At' 
II ' 


(I7U.) Ratio of half lesser dir go,-.idol terminal plane 
to I a* ci :il edge, 

in . eosJLW.M' 

-:»• 

Is . 

(177.) Ratio of .half gieater (liai.oiial of teni iiiDl 
plane to lateral edge, 

jii . sin-J, Ai.M'- 

n c : e m :: — - ^ : n. 

(178.) Ratio of f g (pcipcudioulav on i A) to lateral 
edge, 

• - in . cos f.M.Ai'— 99°) 

fs-.fi---- 

(179.) The angle J'kl may be found fioni the equation 

tan j k l = ■ —. 

J in 

Simple Decrements on Ilie Ttrminal A nc'r.i. 

n R' 


(180.) A, v 
-(181.) E, c = 


(182.) B, v ss 


in. cos A M.M'. tun (I mi 0 — 

n 11 “_ ___ 

m .sin A AI,M'. tan(lb 0 J — l’,c)* 

liilges. 

71 R* 


Decrements on the Edges. 


(1SS.) H, vzz 
(18-1.) «, c ss 


m. cos (M.M f - 90°). tan (180°- IV) 
sin (180° — M.g) 
sm(M,g - M.M')' 
sin (ISO 0 - M,i) 
siiT(M,J + M.M' - ISO') 

r 

(185.) If, in the general founnla tor A, we make v 1, 

ft* 

sin £ M.M' \ tan (160° - IV)' 
which gives the r.~tixi of the primary edges ; or it may 
3 o 2 


in 

a 
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CRYSTALLOGRAPHY 


Cryu'ft!- j )C ( | el .; vei j ; n a similar manner from the formuhc for E 
* l, .-C ru l’hy. 

or l) by making v ~ 1, and then dividing I Kith sides of 
the equation l>y n and multiplying by m. 

Simple Decrements corresponding to the Symbols A, and 
E„ and Inkrnmhaiy Decrements. 


(186.) co,5»/= R --^" ( t*-. 

7 J sin(180 - P,f>) 


M_,A) 

J) ' 

\\b) 


;: w It : 


. It. I'osOhl)- 

(187.) cos J a c — - - . .■ 
v 7 7 sin (ISO — M,A) 

(188.) fa :fb:: sin (180°— uf) : sin b af 

n. II . sin b af 

^iTiOfsO 0 — M,U'~baf)' 

:: p : q : 

(ls9.) fa : f v : : It : tan f a r. 

(190.) In relation to Mod. <1, 

It . cos M ,<l 
cos « v c = — . --— 

sin P,« 


cos e v w 


R . cos P,d 
sin M,d ’ 


(191.) 

"Whence 

(192.) v e : e u :: sin (M,M 7 — «»«):• sin u v e, 
::n R : 


n R . sin u v c 


sin (M,M/ — urc)’ 

:: p:qt 

(193.) e v: e. tv :: m It : n . tan e v w, 

• :: p : r. 

If the angle fa c or e v w, deduced from cither of the 
preceding formulie, he equal to the angle f c l, or ef m, 
the plane to which it relates- has for its symbol A or E, 
and the edges of the defect corresponding to e ffl, or 
ef, e m, must be in the ratio of m to v, and hence the 
ratio of the third edge to either of these determines the 
Law of Decrement. 

(194.) The following formula may be useful in ex¬ 
amining Crystals: 

■ ricr _ ii c,)s 4 

siniM.M = 11-—-• 

sin i e'tc'" 

And it may be observed that the planes of Mod. i 
can never meet at an angle equal to M,M', unless. 

M,M' = 120 ' J . 

THE OBLIQUE RHOMBIC PRISM. 

Fig. 83 to 94, and 130. 

Crystallographical Elements. 

(195.) Inclination of terminal to lateral planes varies 
in different minerals. 

* Inclination of lateral planes varies in different 

minerals, and M,M' may be cither acute or 
obtuse. 

(196.) Terminal and lateral plane angles may be thus 


ound 

cos 


(197.) cos fa e 


1 

sin P.M. 

cot P,M . eotUf.M' 


Terminal edges equal. 
J.ateral edges equal. 


R 


(19S.) Ratio of terminal to lateral edge, 
f a : fm :: m : n. 

(199.) Inclination of oblique diagonal g« to oblique 
edge a e may be thus found : 

II .cosP.M 
cos g a e — — • —— 

sin If M,M 

( 200 .) Ratio of terminal edge to half oblique diagonal, 
af : a h :: II : eos \ fa d . 


The 

OMiqiio 
Kh'i.ulj.t* 
. I'Mi 11. 

'-““V 


: : m ; 


. m • co s -i f<*d 


R 


:: sin P,M : cos J M,M' 

m . cos A M,M' 

: ; m; ^ • 

(201.) Ratio of terminal edge to half horizontal dia¬ 
gonal, 

af: fh : :■ ll : sin Af ad 

m . sin A f a. tl 
::W: ' • It 

. m{ (sinP.M y - (cos j|M ,M') r j \ 
m siu P,M 

(202.) For (siu £fadY ~ R* - (eos £/« d)* 

R*(eos J MAP)* 

(sin P,M)' ’ 

_ (sin P.M )*—(cos A M.M')*} 

(sin P,M)* : 

foo-iv • sin \f ad - UsinJW-Ccos iM.MO}* 
(-3.).. R - sin I\M . 

(204.) Ratio of half oblique diagonal to lateral edge, 

. m. cos Af ad 

ah: ae :: ———^ -: n, 


m . cos J M,M' 


: n. 


sin P,M 

(205.) Ratio of half horizontal diagonal to lateru. 
edge, 

. . m.t\n\fad 

fh :fm (= sc) : :-^-. n. 


i* 


_ wij (sin P.M)*—(cos J 

(206.) :: ...jrr«~- 

1 sin P.M 

(207.) Ratio of half horizontal diagonal to fr per¬ 
pendicular to r m, 
fh :fm:: m . sin £/« d : nR, 
fm : f r :: R : eos (g a e — 90°), 

,:: n R : n. cos {g ae— 90°), 

(208.) fh:fr::m. sin \fu d : n . eos (g a e — 90°). 

(209.) The angles f am and fma may be thus 
found: 

Let S = their sum— fue, 

D = their difference, 

* as m-j-n, the sum of the sides contain¬ 
ing/a e or »t/zf, 
ds=m — it, their difference, 

, , T . d.tan A S 

s 

4 S -f- 4 D = greater angle, 

4 S — \ D — lesser angle, . 
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Crystal- 

lor-mphy. 


and the greater angle will be subtended by 
the greater edge of (he prism. 

(210.) Ratio of a b, perpendicular to g d, to a c, per¬ 
pendicular to me, 
ab : ad:: cos (f a d — 90°) : R, 
in . cos ( fad —90°) 

:: - R 

ad : a e :: m :n, 

(211.) ae:ac:: R :cos(/ne—90°), 

(2l2. ).\ab :ac:: m.cos(/«<f-90'’): n .cos(/rtc-90°). 

When fa d is an acute angle, 

(213.) a d : a b' :: R : cos (90° — fad) 

:: R : sin fa d. 

(214.) Hence ab' :ac::m. sin fa d:n. cos (fae-9 0 °). 


Simple Decrementst on llie Terminal Angles. 


(215.) (), 
(210.) A, 
(217.) LI, 


n R . sin (F,« — h n <:) 
wi.cos -J/ ad . sin (180°- ]’,«)' 
?i R .sin (P,c' + ha c — 180°) 
in. cos \J« d . sin (18()°— l‘,t / )' 
n R. cos (g a e — 90°) 

Wl-sill }fj ad■ tan (18U°-P,<')* 


Decrements on Ike. Edges. 


and its symbol will then be (),, and the ratio of the Tho Doubly 
edges ol the defect corresponding to the /(rminal edges Oblique 
of the prism will give the Law ot Decrement. Rut if b 
do not intersect M parallel to a diagonal, the symbol ■v-*"' 
of the measured jilane is (!>,, 1 )', 11 .) and the ratios of 
the three edges of the defect must he found by (he ge¬ 
neral method already explained. 

Similar observations may he applied to the planes d 
whoso symbol is either A, or (B r H', 11',). and to those 
ulaues e whose symbol is ,,10, or K t „ or (R', D,G r ). 

A repetition of the formula.* for these cases is unne¬ 
cessary after I he explanation already given, but it. may 
be convenient ‘o have the angles of (lie sphciieal trian¬ 
gles for determining the indices of those planes. 


(225.) 

For d, 

A = 

180° - 

P.d 



B = 

180° - 

P,M 



C = 

180° - 



for r, where its 

symbol 

is „K, 

(22(5.) 


A — 

180° - 

IV 



n — 

ISO 3 - 

P.M 



c — 

18(1° - 

IIM', *; 


where its 

symbol is E„ 


(227.) 


A = 

180° - 

P.( 



II = 

P.M 




C = 

ISO 0 - 

M.e: 


(2IS.) D, e = 


When M,M'> 90°, 

_ n . cos (fta e— 90°) . sin ( P.f— P,M) 
vi. cos (fa d-9 0 °). sin (i 80 ° - P.f)' 

. ” _ n. cos (fa e - 90°) ■ sin (P,y +P,M - 1 H 0 °) 

(_ . ,V — ^ . C()S (f a t i _ y,|°) _ b j u — P,g)’ 

When M.M' < 90°, 

_ n . cos (fta r — 90°) . sin ( P. f — P,M) 

in . sin fa d. sin (180° — P,f) 


(220.) I), o = 


(221.) B,w 


_ it .cos (fa c— 90°) .sin (P,gdP,.\l - ISO 0 ) 


, m . si ufa d. sin (18U IJ — P,g) 
It M.M' > or < 90°, 

sin (M'.i* — M.M') 


(222.) IF, v = 


(223.) G, v: 


sin (180° - M',t') • 
sin(M,/-f 180°) 


sin (180° — M,() 

It is evident that if v — 1 in any of the preceding for¬ 
mula; except the two last, the ratio of in to n may lie 
immediately obtained. 

Simple Decrements upon the Lateral Angles, and Inter¬ 
mediary Decrements. 

(224.) Let the defect occasioned by a given plane be 
regarded as a spherical triangle, the angles of which are 
A = 180° - P,6 
B = P.M 
C = 180° — M,6. 

The side c may be obtained from the formula 

si „ |. c = R ( < A +Jt± c 2g!LLJ_(i±2rf' 4 

V sin A.sin B 

and the side a from another corresponding to it. 

If the side a he equal to the angle a f e its intersection 
with M will be parallel to a diagonal f e of that plane, 


5 ). 


and either of these two latter sets of angles may he u«cd 
where the symbol is (II',, l) y (i,). 

THE DOt/m.Y OHLIQl’U PRISM. 

Fig. 95 to 1(15, and tig. 131. 

Crystullagrapliical l'.lenunfs. 

(228.) Inclination of terminal to lateral planes is dif¬ 
ferent ill different minerals, and l\M ddleis 
also from P,T. 

Inclination of lateral planes M,T varies in 
dilferent minerals. 

In the figure, and in the following remarks, 
P,M, P,T, M,T are all supposed greater 
than 9U°, and the edges 1), F, and H an; 
const ipiently obtuse edges. 

Terminal and lateral plane angles may be 
obtained from a spherical triangle of which 
the angles are 
(229.) A = P,M 

B = P.T 
C = M,T; 

and of w hich tlie sides are 
a= caf 
6 = b af 
c — bac. 

Terminal edges B and C unequal, B and F 
equal, C and D equal. 

Lateral edges equal. 

(230.) Ratio of terminal edge D to lateral edge, 
a l) : af:: in : n. 

(231.) Ratio of terminal edge F to lateral edge, 
a c : a f: : o : it; 
whence D : F :: in : o. 

To obtain the ratios of ill: n and of o:n, let 




f ii 


V S T A r. L 


hr. if /• 

/• 

7, 

be 

ll.e 

ClI 0 

,es of a plane a 

whc.se 

s - ndsd i . 

t 

o 






A ■■phene 

;;1 

Iri, 


■ w liuse angles are 



\ 

ru: 

Ft) 

3 

!Vr 



It 

— 

P.T 

’ * 




C 

— 

is.l) 

) _ 

Y,(/, 


will give the 



( . 

A a r 1) 






it 

— a if; 


whence : 

IS 

b a r i 

ilitl 

r ■i f arc known, the 

angles <■ 

a :t 

ml <■ 

fit 

oi“ known, and hence 

the ialio- 

- Ol » 

IK’ V< 

[\ '» v * v 

• iiriv Vr* fn.i i;d . 


'I’lic pirn 


' 


r* 6 / mid f/ l f> m V . 

,i|sf) l)(‘ 

dmloci'il 

t.-il 

in 

mml her t 

•plterie-il >1 jungle 

whn-o 


".lilies si 


A l'<o . 
15 ~ 1\M 
<• - i is.:) - 


Y.u 


'd,a. ’ 

(.-.'-31 ) I’.ifin i f h a j i , pcriiioid <r on b d lo a l, pcr- 
pcndicnl. 1 r i.o j .if, 
ti ft : ti b '■ : cu-( , f it r —Jltl 1 ) : 11. 

( 23.».) : : in . o. (_’> u < - SJU J ) : in f{, 

:i .id ft f ■ n 1 :: > n !l . 1)0 ), 

!sjt ft 4: aj : : /:{ - ft. 

(23G.) (/ /f : « / ■; ;/ . cos (*.■/,’ e —•hf) : « . civ-(on f-Vvf"p. 

in l!ie Siinic ihjii'I't it in:v\ lie ■ I'mi it that 

(237.) (i I: a L :: n . t ;i. (4 ,•/ <•-!;,>') : « . ccs (4 o f-i){l°). 

(■238.) i,: if, n r :: f.t. cn- (4.’:o .cos (<■ <: /’—‘Hi'). 

I'rcn Hindi on lin • Jnis’n. 

Tty i\ iiulliO'l analogous to that u-ed lor determining 
the ratio- ft’ the t iiinuiy edges, (lie ratios <>i the edges 
of the deleft n-cnh.oned 1.) any l/iw of llccrvmenl on an 
single may lie ohiui.ied; ui'ul these being divided by the 
ratiosofihe minim y edges will give the i-utv ol Decrement. 
If an edge of any j.lane belonging to Moil. « or b, or c, 
or (7, bo I'ai.dlel loa diagonal ol a primary id..no it will 
result frnin a simple decrement, and its .symbol will lie 
H * v v v 

„.\, A, or A„, K or 11,,, t, l or I,„ ,(), Oor (accord¬ 
ing to the Munition ol the primuiy jdane lo whose dia¬ 
gonal its edge is parallel. 

D, rri'iiirni'i on thr. I',dift\i. 

V . ros (on f- 9b). sin (P.g -! IVI’— It'd 0 ) 

m ,iv.(/-iic — !>t ■ ') . sin ( iMJ I’.i;) 
n . cud hat- Id* ) • si u(!*. A1 — 18( i°) 
o . cos (h n r - !)t) ’) . sin (I l:.l>' 5 — 1’./) 

’ . r // .CO-' (bar- Ob') . hill (IV - PM) 

’ n . cos (bit r — ‘.It)') . sin ( 1 St>°— IV) 
u . cos (oaf -- 9<f) . sin (P.ft — P,T) 
hi . cos (l» a c — 90°) . sin (ISO' — I*,//)’ 
o . cos (■•«/— 90°) . -in Osu J -T.V) ' 
m . cos (b a f- - 90 ’) . mu ( i\l ,k) 

m . cos (baf— 90°) .sin (lS(P-M.t) 


(■239.) ».»■ = 
(2 I". - ) F, v ~ 


(521:2.) P v — 
(•2J3.)<i,w = 
(244.) II, v — 


o. cos (oaf- Ol) 5 ) . sill (1StP -T,j)’ 


O G R A P II Y. 

Tin: KiioMiioin. 

• 

l’ig. l<f(i to 1:2:2, anti 13:2 to 137. 

i Vys inllo^raphirtil lilcmentn. 

< 2 i:> ) Iiiclinaiioii of planes at (lie terminal edge 
ill lie is in di-lercut inincials, and is dmiuted 
by 1 ’, 1 " 

P,l»" =r ISO’ — P,T». 

(240.) Plane angle b ila may be found from the 
equation 

R .ee.-00' 5 
■in i 

whence d <r IsO 5 — b d a is known. 

Ktb’f'S eipia). 

(247.) Inclination of terminal edge to axis may U* 


The ratio of m: n ami m: a may he immediately 
obtained from cither ofthe.se equations when v = 1. 


cos \ b d a a: 


Rims (blind : 
eos r 1 1. ii — 


col fib ’. col IM-' 

11 


(:2t$.) Inclination id’ oldh|Uc diagonal (o axis may be 
obtained fioi.i the cquuliou 

, It . cos IM" 

cos c d n : r: -— . - - — , 

hill O')" 

whence c d. n — r il n -)- edit is known, 

.and dft ■--= lMi" — rdr. 

(219.) Hot nlc may be found directly from 111 . 


ei,nation 


n, e d '■ 


n .cos p,i» 


:: 1 : 


SMI 1M" * 

(230.) llatiti of edge to ball'oblique diagonal, 

<lb : d i' :: 11 : cos 1 I, d a, 
eos tji> 

sinVpjV 

(251.) Ratio of edge to half horizontal diagymal, 
tlb.br::. ft : sin ,!■ b d a. 

x . {(sin P F)' - (.-os t.iV')’^ 

.sm i‘P.P'“ ' ’ 

for (sin \hda) ’ ~ !1 ‘ — (.. ns h il n) ( 

i\ - (eos my 
(sm P.P'F 

___ 11- i (sin l P.P'F - (cos Cii3°) - J- 

“ (sm l 1*,P'>' 

(252.) Ratio of edge to one-third ol - axis, 

db: dn :: Il : cos b d n 

cotfiO. cot 4 P,P 
:: l : R , . 

Axis ~ 3 d n : 

for the edges being equal, and the terminal 
angles equal, the plane a b c is perpendicular 
loth- ixis ; therefore enc is also perpendi¬ 
cular to it. 

Let fa be parallel c n, a.nd because d r cf 
.d n = ji o, but c n ~fo, whence o i d </, 

and d ti -f- v o -|- o i = 3 d n, 
and r n =. 2 e n. 



0 R Y S T A L L O (i l 


P II Y. 


ass 


TrystaU 
I‘»'- r r iphy. 


Simple Decrements on the A ugh* 

• sin A P,P'. sin (P./j — e d <•) 

(253.) A, v - " ' 

. _sinJP.P'. sin (I* .d — edc ) 


(254.) 
(255.) O, 


cos 60° . sin (ISO 0 -IV) 

__ sin -J 1\P'. sin (FV — <lfi) 
cos <»U J . niil (1SU° — !*,(•') 

And similar expressions in which IV or P,/, or Prf 
are respectively substituted’ for P,e, will give the Ians 
producing the planes, g, i, and l. 

(256.) When the Rhomboid is acute, 

", sin e 'd a . R 

V sin J a d b , tail (180° — I\A) 

For let a line passing throng It iet be produced to I, 
and let til be perpendicular to l a, and fm,bm re¬ 
spectively parallel l<> at, d l; 

e 1 b : h f : : sill ad b: It, 

6 m: hf:: cos (90° — d d a): It, 

:: sin dda : Tt, 


.• ,d b: bin :: sin A</rf b : sin d da. 

(257.) When the Rhomboid is obtuse, 

e! b : h m :: sin * a dh : cos (/ d a — 9u°), 

_IV ere. ( dda — !)()'), 

sin \ a d b . tan (LbO°— I*,A) 

It is manifest that the planes icplacing the. angle at 
E arc similar lo those ;il <) hut in an inverted position, 
and that the Laws of Decrement producing any of the 
planes of Mod. r, /', g, It, i, l\ /. in, might witIi equal 
propriety he referred either to E or (>. It will, however, 
be convenient to rear the planes of Mod.lt to the 
angle ti, and all the others to the angle O. 


Decrements on the J’rfgev. 

(:35st.) The Laws of Decrement on the k'nniual'cdgf t 
may he found as Pillows : 

sin (IV ~ IM V ) 

V “ ,'iu(l‘ ti' J _ IV)' 

(259.) Those on the Vcral edges may hr. thus known: 

sin (P.r/ - 1M‘") 

} ' V ~ sin(16t* 2 — P,y) ’ 


(20ll ) 'i he indices p, r of the planes f are 
to ho in the hdiowing (oiislaat ratio to each other 

■ V ~ '/ r, 


tonnd The Rhom¬ 
boid. 


- «■ + I, 
r > 1 ; 


. ’. if r — 2, i/ rc :}, and p —. <j. 

This arises from the condition that the intersection of 
f and f is parallel to"the axis of the Rhomboid ; ami the 
ratio may ho easily obtained by eonsideimg the planes 
P, P', P'' as eoorilinatc planes, and finding the equa¬ 
tions of the traces of the plane r. anil one of the planes 
f on the plane P". 

From these equations, r being supposed the same in 
Ixith, the values of p and </ arc known. 

The following formula' will he found useful in the . 
examination of Crystals belonging to this form. 

P,nr briii!' given, to Jind P,l >/ and conversely. 


(* 01 .) 


cos; p.P' = 


cos 30°, sin IV 

" it 


., . 11. cos A P. I" 

( 2 t, 2 .) M„P, a ==—. 

n,n’ hi ini' given , to find IM 1 ' and'court rsety. 

(263.) cot ) P.P' ~~ 

CCS <i(P 


(2fl».) 


COS .} 11,11 


cm t -.t P, p # , eos fit) 1 
R. 

For c d n is the iiieiinetiou of the oblique diagonal on 
the axis of the Rhomboid whusq plants are /», o', n ’. 
&c. 

R . cos ’. n,u' 
cos n U n — ■ . 

sin (it) 0 


and bv equating this value of cos erf/i with that given 
by (217.), (263.) and (201.) are obtained: 

(205.) A serio ol Rhomboid.! nunc obtuse than the 
primary, of which Mud. a may be icgnrdcd as the first 
number, might he produced by the successive trunca¬ 
te;. of the terminal edges of the domed Rhomboids. 
.*■ 0.1 another seiies more acute than the primary, of 
which Mod. g may be regarded as the first member, 
might also be piodoeod by planes ou the angles cl each 
successive Rhomboid, which should intersect the planes 
Pin parallel lilies 

The relations of any member of / it her of these to 
the primary may be found as follows. 


Intermediary Decrements. 

WIipii these nlfeel the terminal -angles, they produce 
the planes of Mod. d. And when they modify the lateral 
angles, they produce the planes f k, and ill. 

The angles of the spherical triangle required to de- 
teiminc the laws of intermediary decrement> ou the ter¬ 
minal solid angles, are 

A = 180° - IV, 

B = P,l” 

C = 180° - IV; 

and those required for the decrements on the lateral 
solid angles, arc 

A = ISO 0 — P onf, or Ic, or m, 

B = P,P", 

C = 180° — P* onyjor A,or m. 


Ol'fwe Sei its. 

Let P denote the primary Rhomboid, 

1, tile 1st. derived, coriespouding to Mod. n, 

2 . the 2d derived, 
in, the m'“ derived, 

p y . the inclination of the primary planes, 
IMV, the corresponding angle of the m"‘ don't ed 
Rhomboid. 

Tlie line corresponding to c n in P, is in I — a e //, 

2 — 2-' e a, 
m — 2’“ '■ it. 

Let e d n of l be denoted by e <1 »/,, 


of 2. e d v t , 

of m .c tl n m 

d n : : c n :: l : tan e tl a. 


d n :; 2”' e n:: l : tan erf n„: 






T 

Klim, 


(tryktul- 

lography. 


•150 

hence • 
hut 


tan ciln 


C 11 V S T A L L 

tilll C(f //,„• 


1 


1 ’ 


hence (tan r d t ?)' 1 


cos c.dn — — *- 

{ 1 + (lan < dnY} 

_ (sin 6(0'-- (ensVP.l*')* 
“ o-os i 

r. ; ;» farI s - 

— Y' : ‘ IT 7 , l*')* 


(2G6 ) Front these two values of (tan e d «)’ 'l* c 
followni” equation, are derived : 

(eos i !>,(»)- = .-J™' 4 P V '->*• ' »r_. 


ami 


(sin «'J J ) , + («r,^IM*'„) , .(-2 s “- 1 )' 

(-207.) 

(cos) I*a")“.(sin fiO 0 )*’ 

: >> “{(sin (»()°;« — (cos 1 + (cosTp.P')* ; 

(cosil»,P')'{(sin fitl")”- (cosH\P'„)-'} 
“ (COS-1 1*.P'„)*J (sill GO 0 )"~ (cos{-P, 1*')*} 
- n ; 
log a 


(26S.) 


:i log 2 ‘ 


Anile. Scries. 

Here the Jbt ileriveil corresponds to Mod. if, and the 
c n of P is in 1 = 2~‘ c n, 

2 = 2- v c «, 

m = 2* m e «, 

and the preceding formula' may he applied to this scries 
hy substituting 2 -*“ for 2 !m . 

Hence, when any two of the quantities P,P', P,P'„, 
and m are known, the third may he found. 

. (26‘J.) The Laws of Decrement wliieli would imme¬ 
diately produce the successive members of the obtuse 
and acute, series from the primary Crystal, may he 
ictidily found from the relations of the principal sections 
of the derived Rhomboids to that' ot the primary. 


Of the obtuse series tiie symbol of the 

r is A or h 


. i o 

5' 1 ' is 

i i 

A 

f 



3 d is A 

6 '" is 

j T 

A 

S J is A 


2 “_{- 2 ( -1 )”> 

fi 



4 ,h is A. 

?«“’ is 

A 

'1 he symbols of the acute scries are as follows: 

, * 


•j -1 

1“ is O 

5“‘ is 

1 1 

O 

, • t 


i.: 

2 * is O 

6 th is 

* i 

O 

, i 

3 d isO 



V 

»»"* is 

O 

4' fc is*() 


The law of each series is obvious, and the general 
terms of the ot *’ 1 easily, deduced. 

Either of the dihedral angles a,h , fix, a,d, or a,a\ 
(fig. 133,) being iven, to find either of the others. 


0 G R 

A P H V. 

(270.) 

It .cos ax 
cos Jo,5= 0 J., • 

(271.) 

__ cos 60°. sin (rr,d — U'.r) 
“ R 

(272.) 

sin 60°. sin (a.d —00°). 
cos i ax >- R 

(273.) 

cos X a,h . tnn G0° 

- ‘ R 


(27l.)'sin(zr,tl-90°)=. 
(275.) 


R.cos «,6 
cos 00 ° * 
R. cos a,c 
sm60° 


To find the Law of Thnnncnl which gives a regular 
hrragonal pyramid. 

Pyramids of this kind might result, liom Mai. d, h, 
lr, m, or o. 

(276.) Let tig. 134 represent a section of one of 
these pyramids perpendicular to tiie avis, in which ft b, 
b c correspond to two- hoii/ontal diagonals of tig. 132. 

From the assumed regularity of the pyramid this 
section must lie a regular hexagon, lienee the angle 
a f li = 120° = I'b g — h g r. 

From the symmetry of the figure the triangles a b g 
and h of are similar, mid f h is parallel to a g. Rut tig 
bisects b <:, and any planes therefore belonging to a re¬ 
gular hexagonal pyramid must cut the horizontal dia¬ 
gonals a b, b r, in tiie ratio ol 2 : I. 

Whence any planes which shall cut the plane a h r, 
fig. 135, parallel to the line a n, will produce these pjra 
mids. 

Let a i h (fig. 135) he a plane of Mod. d, intersect¬ 
ing aba in a n. 

Let I (fig-. 135 and 136) represent the terminal solid 
angle of the Rhomboid, and let fb : I h :: L • 2. 

To find / t, wo have in fig. 136, 
t h =s 2 ( b 
bn = tic 
k b = hr. 


k h — th — tv 
— t. a, fig. 135 ; 
. •. k h : i c :: k n : n c 


l a 
I a 


l i ; 
th 


3 

3 

3 


I; 

il- 


135. 


Hence the indices of this plane would he (6 3 2), 
and the indices of the plane ah! V (fig. 135) would be 
(6 4 3.) 

(277.) We may imagine a series of planes passing- 
through a n to lie within two limits. The one the plane 
a b c, and the other the plane p, (fig. 121 .) 

'I’ha edge th might lie supposed to be lengthened 
until it becomes infinite, when the planes of Mod: o 
•would he produced. 

The point h may next be conceived to approach to¬ 
wards tiie axis, while the plane o turning on the line 
a n assumes successively the positions of Mod. h, f, 
aud »».. 

In Mod. / the edge t h becomes parallel Co the axis of 
the Rhomboid, producing a prism with twelve sides. 

As the condition bf producing a regular hexagonal 
pyramid is that its planes.Bhali cut the horizontal diago¬ 
nals in the ratio of 3 : 1 , there might evidently be a 
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Crystal- series of such pyramids belonging; to Mod. d, A, le, and 
1 .i^rapliy. tn ; but only one can result from Mod. n, and one other 
f r om Mod. A. That from Mod. o must be produced by 
a decrement of two rows, and must have for its symbol 

11 , and that from Mod. h by three rows, and must have 

for its symbol 6 . 

For let dog (fig. 137) represent one of the planes of 
Mod. A, we have pb : bn:: 1 : 2, 

whence a p : pb :: ad (= d b) : o b. 

Hexagonal Prism. 

(278.) It may occasionally be convenient on account 
of the greater simplicity of the Laws of Decrement, to 
consider the regular hexagonal prism ns an independent 
primary form, although it is derivable from the Rhomboid 
by the joint effect of Mod. a and e, or a and p. 

The Laws of Decrement may then be determined as 
follows : 

Single Planes, a, on the angles. 

Let the terminal plane be denoted by P, and the lateral 
planes by M. 

Let. each terminal angle be denoted by A, each ter¬ 
minal edge by B, and each lateral edge by G. 

Let B : G :: m : n, 
and the edges of the defect will be os 

pm: 2 r n :: sin (I\« — 90°) : sin (190° — P,«). 

Two Planes, 6 , on the angles. 

The law may be found by the general method before 
explained. 

Single Planes, c, on the terminal edges. 

The edges of the defect will be as 

p m —■ . rn :: sin(P,6 — 90°) : sin(180° — P,6). 


Planes , e, on the lateral edges. 

The edges of the defect will be as 

p :r :: sin (180° — M,e) : sin (M,e — 60"). 
(279.) Having thus shown how Hie laws of decrement 
may be determined when the inclination of the secondary 
plane to the primary is known, it is now proposed to 
discover that inclination from the known elements of 
the primary form, and the Law of Decrement. 

Let it be required to find the angle at which a plane 

u 

whose symbol is A inclines on a primary plane. 

1st. Suppose this plane to occur on the square prism : 

p n R a/ 2 

V r m ,tan(l80°—P.oji’ 

280.) . • . tan(180° - P,«) = - ~ R 

P OT 

2d. If it occurs on the right rhombic prism, 

„ P_ __ » R* 

V ~ r ~ m. cosiM,M'.tan(180° — P,a) ’ 


r 1 1 R* 


(281.) tan (180»- P,«) = .. 

' pm. cosAM.M' 

3d. If the plane whose inclination to the primary is 


required, have for its symbol H, and the primary form 
be a right rhombic prism, 
vox.. VI. 


i or 

v = 1L— s j"( ,S0 _- M.g) 

'• sin(AI, ff -M,M') } 
whence it will be found that 

(282.) tan = Xlb. Mn M - M ' 
pcos. M,M' — rll' 

And in other cases of simple decrements, the dihedral 
angles which have been used to determine the laws, 
may be found by analogous methods when the laws are 
known. 

The inclinations of the primary planes to planes pro¬ 
duced by intermediary decrements may also be found 
from the known laws, and from the plane angles of 
some of the primary or secondary planes. 

(283.) Professor Whewell of Cambridge has, in a 
Paper inserted in the Philosophical Transactions for 
1825, given a general form to the problem of finding 
the inclination or dihedral angle of any two planes 
from their indices, and of finding the indices from the 
given angle. 

But general and elegant as the solutions given in this 
Paper are, we are induced to believe that the more direct 
methods already explained in this Treatise, will, from 
their greater simplicity, and the comparative ease with 
which they may be applied.be tlmnd inmost eases more 
serviceable to the practical Mineralogist. 

In order, however, to place before the reader the most 
comprehensive and entire view of the mathematical re¬ 
lations of Crystals which has yet been given, we insert 
the following brief abstract of Mr. Whe well’s commu¬ 
nication to the Royal Society, referring the reader to the 
Paper itself for the details of its application to particular 
cases. 

Let a solid angle, denoted in the Tables of Modifica¬ 
tions by A of the cube, or square prism, or right rhombic 
prism, or rhomboid, or O of the oblique rhombic prism, 
or doubly oblique prism, be regarded as the origin of a 
system of coordinates, of which the three adjacent 
edges are the axes. 

Let the diliedral angle at the axis x — a, 

. V — P. 

.. • • • * = 7. 

and the angle formed by the axis 

.r and a perpendicular on the plane y z = 3, 

y . . s — c, 

z... xy~£. 

Then let cos a cr a, cos ft ~ b, cos 7 ~ c, 
cos 3 " d, cos c = e, cos f = /', 
and let 0 be the dihedral angle of two planes whose 
equations are 

JL + JL + -L = 0 * 

1> q r 

X V z 

y + 7 + 7 = 

The planes expressed by these equations are supposed 
to pass through the origin, und they may be expressed 
generally by the symbols 


• Professor Whewell lias used the letters A, A, and t to denote the 
portions of the edges intercepted by secondary planes, urn! has 
adopted p, q, and r to denote the irctprmills of those portions. 
Having, however, in this Treatise used p, q, and r to express Mr. 

Whewell’s lines A, A and /, we have substituted and —■ for 

p, q, and r in his equat'ons. _ 

3 r 


The RIioir* 
Land. 
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Cgg (pgr), (pyrO; 

t the first index always referring to the axis .r, the 
second to y, anil the third to *. 

• According to the law of symmetry, the solid angle 
which is assumed as the origin of the system of co¬ 
ordinates may in the cube and rhomboid he replaced by 
six planes, which would require to be denoted by six 
distinct symbols. And these would be supplied by per¬ 
muting the three indices, thus, (p, q, r) Qi, r, 7) (7, r, p) 
(r, q, p) (r, p, q ) (7, p, r), the order of these symbols 
being that in which the planes they represent occur on 
the Crystal. 

When all the indices are to be permuted, they may 
be written in the symbol of each plane with commas 
between them, thus, ( [p , q, r). 

And every particular symbol in which the three in¬ 
dices are separated by commas, is known to belong to 
a general symbol, in which all those indices arc subject 
to permutation. 

On the other primary forms there cannot occur more 
than two planes upon any solid angle, and in this case 
only two of the indices, us p and q, arc to be permuted, 
and the form of the particular symbol becomes (p, q ; r ), 
the scnricolon denoting that r is nut subject to permu¬ 
tation. The symbol of the two planes would in this case 
be (p, <j ; r) (7, p; r). 

And when, as in the doubly oblique prism, the law of 
symmetry requires only one plane on each solid angle, 
the indices are not subject to any permutation ; a condi¬ 
tion which is expressed by separating them by semicolons, 
thus, ( p ; q ; r). 

Planes which replace any angle of a Crystal may be 
referred to that which has been assumed ns the origin ot 
the coordinates ; but in this ease the angles made by a 
transferred plane with the coordinate planes will be the 
supplements 'of its inclinations to the primary planes 
adjacent to it, and one or more of the indices of the 
transferred plane will be negative, as (p — q — r) or 
.(~P <1 O- 

Planes replacing any of the edges may also be re¬ 
ferred to the assumed coordinates, but one index will 
then be 0, and one or both of the others may be posi¬ 
tive or negative; and the general symbol might be 
(p 0 r); observing in particular symbols to add the 
commas or semicolons us required by the law of sym¬ 
metry. 

The symbol of the primary plane of the 
y 3 is (1, 0, 0) 

a- s (0, I, 0) 

*y (0. 0. 1). 

Tf all the indices of a symbol be multiplied or divided 
by any quantity, the character of the plane denoted by 
the. altered symbol will not be changed, but its new 
position will be parallel to that indicated by the original 
symbol. 

The dihedral angle, or the inclination of two planes 
whose symbols arc (p, q, r) 7', r') has been denoted 


by 0, and we may express the angle made by (p, q, r) Th# Rhom- 
and (p'\ q", r") by O'. koid. 

The angle 0 may be found from the following cqua- 1 " 
lions, observing that in the cube and the rhomboid the 
primary edges are equal; in the square and right and 
oblique rhombic prisms the terminal edges are equal, 
but differing from the lateral ones; and that in the 
doubly oblique prisma the three edges adjacent to O are 
unequal. 

Wc shall suppose the planes whose angle is required, 
to occur on each of the classes of primary forms. 

1st. On the cube and square prism, where 
« = t 9 = 7 = 90°, 
a = 6 = c tr 0, 
and d = e zz f; 

(284.) — cos 0 = 

_L + _L-L~L 
v p' 'It' 1 rr ' 


\(L +1 + JL V (JL "+1 +1 W 

l \ p* q * r' 1 ) \p rt 7*. r 1 '‘)f 

2d. On the right rhombic prism, 
a = A = 90°, . a = 6 — 0, 

7 = M,M\ r = cos M,M', 

8 = e = M,M'-90°,.-. d = e = cos (M,M'—90°), 

£■ = 0, .:./ = tt= 1. 

(285.) — cos 0 = 

_L + _L + il_ c (J_ + J_ > ) 

p p' qq' rr' \p f 1/ p 7'/ 



i. 


8 e. N 

( 1 

1 tS* 

2 c\\ 

K?- + 

~+ 

9 

r* " 

" V <i) 

( 7 /“ + 

7'* + r h ~ 

-7/77) 


3d. On the oblique rhombic ‘prism, 

a ~ fi — P.M, a = b = cos P,M, 

7 = M,M\ c =co»M,M', 

M,!U' may be > or < 90°. 

Let M.M' be > 90°, 

and 8 = «> may be known from (lie equation 

— cos M,M' . — cos fa e 


(28 C.) 


d = c = 


(2S7.) and cos far.— 


.11 

cot P,M . cot i M.M' 

- r .-, 


and cos V,h ~ 
Let M M' < 90°, 


S' = V,h - 90°, 

cos (P ,h — 90°), 
R. cos P,M 


sin £ M.M'/ 


(>38.) and d = a = »/«,« 


<csy.) - cos 0 = 


* ( x , 1 v 1 r r 1 1 m a ( 1 1 1 1 1 

d*\pp' 7 7 ') f*r r 1 cT\p' 7 p ({') df\p'r'pr' 7 'r 

{{ + 7 i ’r i " #77 ^ (p + ?) " Wf 
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Crystal¬ 

lography, 


4th. On the doubly oblique prism, 


(290.) 

(291.) 

292.) 


« = P,M, 

a = eos P.M, 

P - P.T. 

b = cos P.T, 

7 = M,T, 

c = cos M.T; 

S, e, and f 

may be known from the equations 


— cos b a f. — cos M,T 

R , 

— cos c af. — cos M,T 

ft 

•— cos c a f. — cos P,T 
_ . 


(293.) 

( 291 .) 


in 4 b a f - R (“ C0B ' i(P ’ M + P T + M *T) ■ 'os* (P,M + M.T - P.TAJ 
3 V sinP,M 7siu M,T ' ' ~ ) 

mhcaf- R (~ (P,M + 1Vr + M ’ T > ■ cos j (M.T + P,T - P,M )U 
3 V sin M, T sin P,T " “ J 


-+ 


+ 


(295.) - cos 0 = .f' rr ' de 


(±. + _n 

i_*, 

(-L + A-) 

I-—1 


V? p W 

d/ 

{pit* pr’) 

1 ef‘ 

l <?' r q r) 


J_' + _L + _L _ 

c 

b 

a \ 

d* i>'~ c* rf f*r' 

2 dtpq 

2 dfp r 

* r) 

l 1 1 

c 

b 

a > 

+ e*V“ + /V* 

2 d epff 

2df p’r' 

2efq'r' y 


5th. On the rhomboid, a — p = y = P,P', a — b = c. = c os P,F; and S = « — f. 


Parallel*- 
isms at 
Kdgea of 
Crystal*. 



On the Parallelisms of the Edges of Crystals. 

(297.) The resources of Crystallography in determin¬ 
ing the Laws of Decrement by which secondary planes 
arc produced, are not limited to the methods already 
explained. In certain cases those laws may be inferred 
front Parallelisms among some of the edges of combina¬ 
tion of the different planes. Thus the Parallelism of 
the terminal edge of the plane d of the square prism to 
the diagonal of the terminal plane, implies a decrement 
by one row on the lateral edge of the prism. 

This is one of the most simple cases that can occur. 
Others,’however, of a much more complicated nature may 
be determined from similar considerations. 

The Ibllowingare the principal classes of Parallelisms 
that occur among the edges of Crystals. 

For the sake of generality, the doubly oblique prism, 
fig. 95, has been used in the diagrams about to be 
referred to. 

(298.) When two adjacent edges are replaced by 
single planes resulting from any Law of Decrement, and 
the solid angle between them is also replaced by a single 
plane produced by the same law, the plane on the angle 
is a parallelogram, as in tig. 138. 

In this figure the plane on the angle intersects the 
lateral planes parallel to their intersection by the planes 
on the edges. The indices of both must therefore be 

w V * 

similar. And the symbols D, O, F, may be said to 
express tile conditions for rendering the plane on the 
angle a parallelogram. 


When the replaced edges are similar, ns they are in 
the regular forms, the plane replacing the angle becomes 
a rhomb. 

(299.) When a plane on the angle is cut in parallel 
lines by planes on the edges, the decrement in height 
of the three planes being the same, as at a, b, r, cl, fig. 
139, the decrement in breadth of the plane on the 
angle will be equal to the sum of the decrements in 
breadth of the planes on the edges. 

If in this figure the planes on the edges are represented 

p 

f r 

by I), F, it will be found that the condition for render¬ 
ing the edges of the plane on the angle parallel, is that 
r+re 

its symbol should be O. 

(300.) When a plane replacing an edge is intersected 
in parallel lines liy planes replacing the adjacent solid 
angles, and produced by the same Law of Decrement, as 
at a, b, c, d, 'ig. 140 and 141, the planes on the edge 
and the planes on the angles must intersect two of the 
primary planes in parallel lines. 

In fig. 140 the planes on the angles intercept the 
lateral planes parallel to their intersection by the plane 
on the edge. The conditional indices for which may he 
readily found from what lias been before stated. When 
the angles arc similar, as in fig. 65, the symbols might 
v 

be II, A; B, A,; or B, (l) r B' f O.) ; and they will be 
analogous to these for the other primary forms. 

3 i* 2 
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Crystal- Fig'. 141 shows that the indices relating to the tcrmi- 
lograj.hy. nal edges must be the same in the symbols of the three 
planes. 

(301.) When the intersection of planes on two adja¬ 
cent terminal edges is parallel to the, intersection of one 

of those with a plane on the lateral edge, as in fig. 142, l/l 1 \ 1/1 1 \ 1/1 1 

the relation of the plane on the lateral edge to those on (303.) —(-) -f — [ -.-- (-- ) “ 0 . 

the terminal edges -will be as follows: P«\7i r i 1» r i) 9 «\p 3 r i ]h T J r t \l } i q a l’»'h. 

Let the symbol of the plaue on the terminal edge 


the following general expression given by Professor Pnmllel- 
Whewell in the Paper already referred to. isms of 

Let the plane whose indices arc {p- q t »' s ) truncate 
the intersection of the planes (j), q, r,) and (p a < 7 ., 0 > 
and we have 


•n 

adjacent to the lateral truncated edge be-^-, and that of 

7/ 

the plane truncating the. second terminal edge be —, the 

V 

symbol of the plane on the lateral edge will be for 

a b will then be parallel to c d, and a c to cf. 

(302.) Where an angle is replaced by n single plane 
which is intersected in parallel lines by two planes on 
the same angle resulting from the same law, as in fig. 
143, the relation of the indices may be found as follows. 

The edge f s is the intersection of two planes c a s, 
rn k s, on the angle c. 

The plane g h v evidently coincides with tile edge 
f s, and if it be supposed to move parallel to itself until 
it reaches the position n op, it must be intersected in the 
parallel lines t v, u x, by the planes c a s, m k *. 

Let « tn and e c represent p molecules. 
e a and e k .... q 


e a. 


To determine the law of the plane g h a we require the 
ratio of e. h to r. s. Hut as « .« is assumed to represent 
r molecules, it is only necessary to determine e h in 
terms of p and q. 

In fig. 14 l let e c p, cl = q, 

. 2 P 7 


ami wc shall have 


e h ~ 


P + 7 

For from the nature of the figure 
m d = do 
and a b =. b k ; 
and by similar triangles we have 

c r : k <■ :: p : q :: d c : b k, 

df-.fb, 

: : d r : b e ; 

whence <?/: d f + fb (— d h) :: p : p-\-q, 

d e : d c — b e ( = d b) :: p : p - q, 
mid d e : df: : p q : p —q; 

de.de- d/(=/r) :: p-f q:2q 

. 2 pjq 

" P ' P + 7 

• :: e c : e h. 

lienee the index of the planes g h s, or nop, becomes 
2 p q 

r(i> + v)‘ 

The preceding are, however, only particular cases of 


If the planes 1 and 3 are produced by the same law, 
then p, = r/ a , q, = p a , and r, — r a ; and 


(301.) 


p* q * __ pi q i_ 

0'« + S») r, (p, + q,)r 
If in this equation = q t , and r, = r„ it becomes 


(305.) 


2 Pi 7 i 

* = 6+i3* 


and corresponds to (302.) 

If planes l and 3 are on the angles, and plane 2 on 
the edge between then, as in fig. 140, pi is negative and 
p a = xi, and 

f + f 

r i r. 


(306.) 


J7. 

fa 


If, as in (300.), < 7 ,: 
(307.) 


IL-lP* 
7, 9, 

<h and ,- i = 

r L — lL 

■. r. ‘ 


If planes l and 2 are on adjacent terminal edges, and 
3 on a lateral edge, as in fig 142, then r, — r a , q, — -jo, 
p« = co, r, — co, and the equation corresponds to 
(301.) 

Pi _ Pa 
<h V, ‘ 

If planes 1 and 3 are on adjacent edges, and 2 on 
the angle between them, then />, = co, and q a — v, and 


(309.) 


(309.) 


7i_ 
r, 


r» °' 


JL . Pa + 1 

P* ' r a q* 

If, as in (299.), p t = q x , and r, = r, ss r § , then 

(310.) pa = p a + q,. 

If Pa — ?! and r a = r„ then 

(3ii.) h.-tSiy 

r* r t 

(312.) Mr. Levy has given the following formula: in 
a Paper in the Vlth volume of the Edinburgh Philoso¬ 
phical Journal, p. 227, on the methed of finding the law 
of decrement of any secondary plane, modifying any pa* 
rullelupipcd, whenever two of the edges of that plane, 
nol being parallel lo each other, are parallel to two edges 
of the Crystal whose relations to the primary edges are 
known. 

Let p a , q s , r t , be the unknown indices of the new 
plane, which may be called plane 5. Let p„ q„ r„ and 
P«> r «, be the known indices of two planes to whose 

intersection one edge of plane 5 is parallel. And p r q a , r„ 
and p^ q, r 4 , ihe known indices of two other planes, to 
whose intersection another edge of plane 5 is parallel, 
and 
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If the instorsoction of the planes 1 ami 2 be parallel 
to a diagonal of the primary Ibrin, the plane 5 will he 
parallel to the same diagonal; in this case two of the 
indices will he equal. If and = <j£, the 


values of ~ and — become equal; and by reducing 

r » r t 

the above equations, after the necessary substitutions 
arc made, the following will result: 

1 


(315.) 

r i 


7. 

r > 


_ % P< ~ V* 

r±j£\ + (±z 

r *<]J 



Tf the intersection of the planes 1 and 2 be parallel 
to an edge of the primary form, the plane 5 will be 
parallel to the same edge, and one of the indices will be 
infinite. If r, and r, become infinite, the values of 


become infinite also. But if equation 1 be 

r s r s 

divided by 2, the following equation will be obtained, 
which docs not contain the indices of planes 1 and 2, 
but gives tlie values of p i and f/, ill terms of the indices 
of planes 3 niul 4, 

l 1 


(316.) 

7a _i_ 

Pt r i ~ Pi r » 

The facilities afforded by the Parallelisms of Edges in 
determining the relations of Crystals will be shown by 
the following examples. 

(317.) Fig. 145 is one of the forms of what is termed 
by Mineralogists muriate of mercury, and it is also the 
crystalline form of calomel. 

The edges of c being rendered parallel by a, both 
planes must have the same index, and the respective 

i i 

symbols may be B, and A. 

(318.) Fig. 146 is the form of a Crystal of ^sulphate 
of nickel. 

In this figure the edges of the plane a\ produced 
by the intersection of c and c' are parallel, and those of 
c produced by the intersection of a2 and a'2 are also 
parallel. Hence the Laws of Decrement producing ail 
these planes are known. 


• » 

For if B he the symbol of o, then A must be that of' 

a2, and A that of «1. 

(319.) Fig. 147 represents a Crystal of scheelatc of 
soda, the primary form of which is a doubly oblique 
prism. 

The planes g and e evidently replace two of the ter¬ 
minal edges, and the plane r. is intersected in parallel 
lines by g and i. If, therefore, we assume the symbol ■ 

of the plane i to be H, e and g must be represented by 
B and D. 

(320.) Fig. 148 is a Cryslal of oxide of tin, the 
planes of which may be determined as follows : 

Let el be assumed to result from a decrement by 1 
row on the terminal edge of a square prism, und 

its symbol will be B. 

i 

ffl must then be represented by A, and 

c2 by B. 

c3 is known from measurement to result from a de¬ 
crement by 5 rows in height, and to have for its 

k 

symbol B. 

b may be determined from the following consider¬ 
ations. The edges of the plane <*l, parallel to 
its intersection with cl, must be parallel to the dia¬ 
gonals of the lateral planes. The planes b there¬ 
fore which cut M parallel to the intersection of 
ai and cl must intersect M parallel to a diagonal, 
and the symbol of the planes b must therefore be 
of the form-A„. But as c3 is cut in parallel lines 
by 6, (300.) b must cut u terminal and lateral edge 
in tlie ratio of one to five, and its symbol must 
. therefore bfe A s . It must also cut the terminal 
edges in the same ratio, and hence as 

el is cut in parallel lines by b, (fig. 141,) the symbol 
i 

of c 1 must lie G. 

a2 being cut parallel by the planes b, (302.) must 

have its index of the form —But as it 

»■ ( P+ 7) 

has been found in the symbol representing & that 
P— 1 
9= b 
r - 5, 

ft 

the symbol of a 2 becomes A. 

d is known to have for its symbol G, and the sym¬ 
bol of 

e2 maybe ascertained, by a construction analogous 
to fig. 139, lo be G. 

Hence all the planes of this complicated figure may 
be determined from the measurement of cl and c3. 

(321.) Particular cases of Parallelisms will also givie 
the laws of particular planes, as may be seen in a Me¬ 
moir by Mr. Montiero on tlie Law of Decrement pro¬ 
ducing a particular Crystal of carbonate c>f lime, inserted 
in No. 201 of the Journal den Mines for September, 
1813. 

Fig. 149 represents the Crystal examined by Mr. 
Montiero. 

The planes m, tn\ were known by the stria* on their 
surface parullel to their oblique diagonal to correspond 
with Mod. m of the rhomboid. 


Parallel¬ 
isms of 
Klimt'S of 
Crystals. 
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Crystal- The position of the planes m and ml, relatively to the 
lography. edge or the primary form, being thus known, it was 
readily perceived that the plane e corresponded with 
Mod. c of the same rhomboid, and the planes q with 
some purtieular modification belonging to dass q. 

Let fig. 150 represent the primary rhomboid of car¬ 
bonate of lime. The plane m (fig. 1191 is known to 
result from a decrement by one row on the superior 
edges of that rhomboid. The lines i l, t in, would, 
therefore, represent the intersections of the plane m' 
with the primary planes, the points l and. m being the 
middle of the edges <lf and ft. 

From the middle of the edge d s, draw h b, hf and 
the triangle b hf will represent the position on the pri¬ 
mary form of the plane e. (Fig. 149.) 

The planes ml and e are thus observed to intersect 
each other at the points c aud n, auij, consequently, the 
line c it would correspond to their edge of combination. 

This edge in fig. 149 is replaced by the plane </, and 
from the Parallelism of its Edges it must itself be parallel 
to the edge it replaces. 

If, therefore, the line q r be drawn parallel to a b and 
passing through the point c, and the line op parallel 
to q r and passing through the point n, wc shall, by 
joining oq and p r, obtain the position on the primary 
form of the plane q. 

And the ratio of qdlo do, will give the Law of Decre¬ 
ment by which the plane q has been produced. 

It is evident that dhszfm, 
and o A = p m. 

But df: dh :: on : o h, 

and f in :ft :: pm: pn, ' 

• df :fl : : o n : pn, 

'••oh: pf 
■•■• 2 : 1 , 
qd : do :: 3 : 1; 

therefore the plane q is produced by a decrement of three 
nows in breadth o.n the plane ah df 

On the Methods of Drawing the Figures of Crystals. 

(322.) The representation of surfaces, or solid bodies, 
upon a plane, is the object of the art of perspective. * 

The theory upon which this art has been founded, 
supposes an imaginary transparent screen to be inter¬ 
posed between tin; eye of the observer and the object to 
be represented; and it supposes also that the rays of 
light which pass from the object to the eye become, as 
it were, fixed on the screen, so that when the object is 
removed; its figure or representation still remains. And 
the rules of perspective leach the methods of delineating 
the figures of objects upon a plane, so as to resemble 
the appearance they would present to the eye if the 
plane on which they are delineated were transparent, 
and held between the objects and the eye. 

A more familiur conception of the nature of a per¬ 
spective representation may be derived from looking at 
n building, or along a street, through a piece of glass, 
and marking lines on the surface of the glass coinciding 
with those we are observing through it. These lines, if 
accurately traced, will evidently represent 'the object to 
the eye, such os it appeared when seen through the 
glass. 

When the objeet observed is a street, the upper ami 
lower edges of the fronts of the houses, which are known 


to be nearly if not accurately parallel, appear to converge Methods of 

at tile remote end of the street, forming a series of lines , 

on Uie screen something like that shown in fig. 151. »f Crystals. 

.And if this mass .of houses were a single solid . _^. 
body, and even much reduced in dimensions, it ought 
still to be represented oil a plane surface by converging 
lines similar to those in the above figure. 

But such a representation of Crystals would convey a 
very indistinct idea of their forms, and particularly those 
of complicated secondary Crystals. 

Another kind of perspective has therefore been used, 
which supposes parallel lines to be drawn from the se¬ 
veral angles of the figure obliquely to a plane parallel to 
a lateral plane of the cube and square prism, and to a 
diagonal ol the oilier forms; a method of projection ill 
which all the lilies that are parallel in the figure are 
represented by parallel lines in the drawing. The axis 
of the rhomboid, and the lateral edges of the other forms 
being drawn perjiciKliculiir to the plauc on which the 
figure is supposed to rest. 

(323.) To draw a cube or square prism. ,Fig. 152. 

For a cube make eghf a square, and for a square 
prism make eo or e. o' to cf in the .same proportions as 
they are found in the Crystal to be delineated. 

Take fi and k i such that the figure may appear 
symmetrical, and draw k v, and the other lines to com¬ 
plete the figure. 

(324.) To draw a right rhombic prism. Fig. 153. 

On a horizontal line ab take ac~db; and from 
the points a, b, c, d, raise the four perpendiculars shown 
in the figure. Take at — hf such as to give the figure 
a convenient form for placing the secondary planes 
upon it. 

Take d g to a b ill the proportion of a lateral edge to 
the greater diagonal of the Crystal to be delineated, and 
complete the figure. 

(325.) The oblique rhombic prism may be drawn in 
a similar maimer. But us the angle e df may some¬ 
times be acute, the ratio of ah to dg must be that of 
the horizontal diagonal of the Crystal to a lateral edge; 
and ac = bf should be so taken as to present the 
most correct representation of the true character of the 
Crystal. 

(326.) To draw a doubly oblique prism. Fig. 154* 

As the lateral edges of this prism are not perpendicular 
to cither of its diagonals, its base cannot rest on a hori¬ 
zontal plane, while its lateral edges are perpendicular. 

On the line a b, the perpendiculars at a, c, d, and b, 
may lie raised, and the distances a c = db, aud a e and 
fb may be taken so as best to represent the character of 
the given Crystal, the ratio of ea to fb aud of eg to 
ab being deduced from its measured angles. 

, (327.) To draw a rhomboid. 

Let a b (fig. 155) represent the axis trisected by the 
parallel lines eg, Aft. 

From a draw a g at such an angle with a b, and 
through the point/in the axis draw'eg at such an angle 
with the axis, as to place the figure in a convenient po¬ 
sition for exhibiting the secondary planes. 

The ratio of the axis a 6 to the horizontal diagonal 
c d of the rhomboid to be delineated is supposed to be 
known. 

Ou the line eg take f g = 2 fe, and through e and 
parallel to n o draw e c ss e d, such - that a d : a b as the 
horizontal diagonal to the axis. 

Draw c «, d in, and h b, equal and parallel to a g, and 
then the remaining lines to complete the figure. 
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Cryrfrt- (328.) The delineation of the secondary forms of 
Wgrapliy^ c r y s t a ] s mu y be effected either by truncating the figures 
s—l 0 f the primary forms, or by circumscribing those forms 
with the planes of the secondary Crystal. 

• When the secondary form, whether it be simple or 
compound, is to l>e exhibited in its entire slate, with all 
the primary planes effaced, the best method will be to 
delineate a small primary form, and to envelope that 
with the secondary planes; but when parts of the pri¬ 
mary planes are also to be shown in the figure of the 
secondary Crystal, a larger primary form may be drawn, 
and then be cut down, as in the Tables of Modifications. 

The fidelity of the representation of any secondary 
form, will depend upon the accuracy with which the 
intersections of the secondary planes with the primary 
and with each other are drawn. 

From the preceding explanations relative to secondary 
planes, it is obvious that such planes may be correctly 
placed on a primary form by drawing them so that they 
shall cut the primary edges in the proportions denoted 
by the Laws of Decrement which produce them. And 
the line at which two planes so .drawn intersect each 
other, corresponds to their common edge on the Crystal. 

If the planes A of the right rhombic prism (fig. 74) 
be supposed to correspond to the symbol, (B* U', H,), 
those proportions of the corresponding edges must he 
taken for the plane 6, and for b', (B, B' fl ll a ), and the 
line at which these planes would cut each other, would 
represent the edge between b and b'. 

But it will be inconvenient when there are mauy 
secondary planes to be drawn, to find the intersections 
in this manner. And we must then resort to the follow¬ 
ing general method. 

(32!).) Let it be required to draw a right rhombic 
prism modified by planes corresponding to the symbols 

H, D, G, A y (B, B', H a ) 

e, c, A, ft, ft,. 

Let the primary forms (fig. 156 and 157) be drawn 
in pencil, of equal dimensions ; with their terminal and 
lateral edges respectively parallel, on fig. 157 draw u a 
parallel to the short diagonal of the terminal plane, and 
from the points w and o draw u o v p, parallel to the 
lateral edges. The plane h would evidently be repre¬ 
sented by uv op. Let the line a a'be drawn on the 
plane A, and through the diagonals q r , at. 

The plane c which should next he drawn must obvi¬ 
ously lie between A and P. The Law of Decrement from 
which this plane is supposed to result, is two rows in 
breadth. 

If, therefore, tjvo of the primary terminal edges of 
fig. 156 are extended to c and c', so that qc — Hq q" and 
q d = 2 q ij\ the plane arc' will represent the plane c, 
and the line c c' will touch the primary form at the 
solid angle d. The line da, which bisects c C at d, may 
be called the directing toe,for placing the plane e between 
A and P, by takiug some point d in the diagonal q r, (fig. 
157,) and drawing da parallel to d a. (Fig. 156.) The 
lines g A', i h being- drawn through d Tmd a parallel to 
v i\ the plane g A' i h will represent tlle.reqHired plane c. 
By drawing lines parallel to gb! and i k, at correspond" 


ing distances from the diagonals q r, * t, and from Ihe Methods of 
points q, r, s, and t, the figure with the planes A and c Drawing 
upon it may be completed, and maybe traced separately ,ho Figure* 
' in pencil, as iq fig. 158, preparatory to the addition of of Crystals , 
the planes c. 

To produce these planes, first draw Axon fig. 158, 
and for the intersection of the planes o and e draw k l 
parallel to a c, (fig. 156,) and from the point l draw ly 
parallel to k x. 

Having thus produced the planes d, c, and e, we may 
add the planes A, and ft,, by tracing fig. 158 on a separate 
paper, as in fig. 160, and drawing parallel to it an 
entire primary form, as shown by fig. 159. 

The directing^ planes 6 6'" 6„ and 6' b" b , on fig.' 159, 
represent the two planes ft,, ft',, (fig. 160,) and ft 6" v ft,, 

6' 6'" ft,, (fig. 159,) represents ft*, or 2 in fig. 160; 
and n z b"'-z’ (fig. 159) is evidently parallel to plane e, 
fig. 160. 

The intersection of ft ft" 7 ft,, with nzb"'z\ is the line 
v b'"; its intersection with P'is 6 ft"'; wiih M, it is 
6 ft,; and with ft' ft" ft, it is ft,nt. 

If, therefore, from the point 1 (fig. 160) we draw 
the line 1 6, parallel to n U"; 6 5, tc ft ft'";' anil 1 3, to 
ft ft,, we shall obtain three of the edges of plane ft,. 

From the point 5, (fig. 160,) draw the intersection of 
ft, and ft', parallel to m 6„ (fig. 159,) and by drawing 
on fig. 160, 3 4, parallel to 6 6„ and the intersection of. 

2 and 2', (fig. 160,) parallel to m ft,, (fig. 159.) we shall 
delineate the planes ft, and 2 ; observing that those 
planes intersect each other hi a line parallel to the inter¬ 
section of ft, and P. The positions of ft', and 2 may 
be obtained by a similar method of proceeding, and the 
other corresjxinding planes may be drawn by u similar 
process, or by parallel lines, or by finding the relation . 
of their edges, or angles, to some known points on the 
Crystal. 

By means analogous to these, the most complicated 
figures may be accurately produced! 

(330.) But it very frequently happens that the Law of 
Decrement will suggest some relation between the post 
tion of the secondary edges or angles and some known 
points or lines of the primary form, which will supersede 
the necessity of any directing diagram. The figure of the 
rhombic dodecahedron aHoids an example of this nature. 

The easiest method of drawing this figure is to project 
the cube, as shown in fig. 161, und through its centre, 
and perpendicular to its planes, to draw the lines a ft, 
vd, ef. 

Those lines are parallel respectively to the edges of 
the cube. Take on each line, and in each direction from 
the poiut in the centre of the cube, where the lines in¬ 
tersect each other, a quantity equal to that edge, of the 
cube to which the particular line is parallel, and draw 
lines from the extremities of those portions of tho lines to 
the solid angles of the cube. 

Many expedients will probably occur to those who are 
accustomed to draw Crystals, which will greatly abridge 
the laborious processes just described. These will, how¬ 
ever,’ form particular cases, and will depend on I lie 
degree of attention and ingenuity employed in framing 
the diagrams. 
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The Nos. refer to the paragrapht. 


Anqi.ii, plane, 8 ; its measure; or value how determined, 10. 

Angle, euU'l, 9. 

Angles, at which the planes of Crystals incline to each other, hnw 
, ascertained, 46; how measured, '17, 48, 49; how deduced 
from the laws of decrement, 279 ; similar, 13. 

Angles, solid, simdar, 14. 

Asia of u Crystal, 3l. 

Calculation of the laws of decrement, general method, 132; upplied 
to the cube, 139; to the equate prism, 150; to the right 
rhombic prism, 172; to the oblique rhombic prism, 195; to 
the doubly oblique prism , 228; to the rhomboid, 245 ; to the 
Aermpma/ prism, 278. 

Cleavage, 5 ; self of, fi3; tingle, double, Ac., 06. 

Crystals, definition of, 3 ; how produced, 34 ; primary, 73, 33 j 
secondary, 26, 74 ; how modified in form, 36; hemitrope and 
intersected, 77 ; epigene and pseudomorphous, 80 ; method of 
reading, 109 ; how to describe, 119 j how to draw the figures 
of, 322. 

Crystallisation, 82. 

Cube, 20; its axes, 31 ; modifications, 99; laws of decrement, 
how calculated, 139. 

Decrements, 36, G9 ; in breadth, 37; in height, 37; simple, 38'; 
intermediary, 39. 

Diagonal, of a plane, 29 ; oblique, 29; horizontal, 29. 

Diagonal plane, 30. 

Dodecahedron, rhombic, how derived, 68. 

Doubly oblique prism, 2d ; its axes, 31; modifications, 107; laws 
OC decrement, how calculated, 228. 

Drawing Crystals, method of, 322. 

Kdge, 7 ; primary, 7; secondary, 7; of combinations, 7. 

Edges, terminal, 7 ; lateral 7; similar, 12; parallel, 297. 

Kpigene Crystals, 80. 

Figures of Crystals, how to draw, 322. 

Form, defined, 17; primary, 2, 73; secondary, 2, 74. 

Forms of Crystals, related to the cube, 29; to the tguare prism, 

102; to tho right rhombic prism, 172; to tho oblique rhombic 
prism, 195; to the doubly oblique prism, 228; to the rhomboid, 
245; their mutdul relations, 33.' 

Goniometer, common, 47 ; reflective, 48; how to be used, 49. 


Hemitropo Crystals, 77. 

Hexagonal prism, regular, 278. 

Intersecting Crystals, 7&. 

Laws of decrement, 41. 

Law of symmetry, 72. 

Modification of a Crystal, 40. 

Modifications, tables of, 92 ; the cube, 99; the square prism, 102 
the right rhombic pi ism, 104 ; the oblique rhombic pi ism, 105 ; 
this doitbhi oblique pnsm, 107 ; the lhumhoid, 108; application 
of the tollies, 109. 

Molecules, 15, 51; their theoretical forms, 55 to 59; their arrange¬ 
ment in Crystals, 60, 

Notation explained, page 425, 

Oblique rhombic prism, 23; its axis, 31; modifications, lt''>; laws 
of decrement how calculated, 195. 

Parallel edges. 297 ; laws of decrement ileduceq from, 293 tc. "'It. 

Planes of Cry Pals, natural, 4 •, e’-: ivagc, 6 ; sund-u, ■' t mgeuf, 

44. 

Primary form, 2. 

Primary forms, 73 ; their relate. r\h. ion h -r 31; ,i i. 

mine from secondary forms, 199 to 119. 

Pseudomorphous Crystals, 81. 

Rhomboid, 25 ; its axes, 31 ; modifications. 3u3; laws of d.'cic- 

• 1 ment, how calculated, 245. 

Right rhombic prism, 22; its axes, 31; modifications, 104; laws 
of decrement, how calculated, 172. 

Secondary forms, 2. 26. 75. 

Series of Crystallization, 28. 

Similar edges, angles, and planes, 11 to 14. 

Square prism, 21 ; its axes, 31; modifications, 102 ; lawn of docu¬ 
ment, how calculated, 150. 

Structure of Crystals, 60. 

Symbols'explained, 121 ; table of, 131. 

Symmetry, law of, 72 ; is sometimes suspended, 72. 

System of Crystallization, 27. 




















MINERALOGY. 


Mineralogy Introductory Observations. 

(1.) Mineiulooy is defined by Kirwan to be the 
Art of distinguishing Mineral substances from each 
other. 

All bodies found in or upon the earth, not being vege¬ 
table or animal, are termed Minerals. 

(2 ) It has been staled in the Introduction to Crystal¬ 
lography, that we are indebted to llaOy for the first 
satisfactory explanation of the mutual relations of crys¬ 
talline forms; and it is also due to his memory to add, 
that bis views of Mineralogy were more precise and phi¬ 
losophical than those of any author by whom he had 
been preceded. In recommending this pursuit to the 
favourable notice of others, he observes, that if the mo¬ 
tives by which we are led to the cultivation of any branch 
of Natural Science, were founded solely upon the plea¬ 
sure afforded by a casual inspection of the productions 
to which it relates, Zoology and Botany would claim our 
first regard ; but that if we overcome this first unfavour¬ 
able impression, and look a little more closely to only a 
few individuals belonging to the Mineral kingdom, we 
shall, be says, find them possessed of a regularity of 
structure, an almost infinite variety of distinct, yet re¬ 
lated Inrms, and many other properties, not only capable 
of affording a high degree of interest, but offering in¬ 
ducements to the collector of Minerals to enter upon a 
wilier range of philosophical impiiry. 

The necessity of exact Mineralogieal knowledge to t he 
Geologist has been very justly and forcibly expressed by 
Mr. Aikiu in the introduction to his Manual of Minera¬ 
logy, published in 1815. He says: “The absolute neces¬ 
sity of extreme accuracy in discriminating one species of 
Mineral from another is too obvious to require any further 
remark, if examples were not perpetually presenting 
themselves of persons very slenderly provided with these 
rudiments of the Science, who yet undertake geological 
investigations, and with a peremptoriness, generally in 
proportion to their ignorance, challenge the credit, of 
new discoveries, or call in question the observations of 
their predecessors. “It is, indeed, very true that geo¬ 
logical speculations arc as fascinating to the student as 
the discrimination of species is generally repulsive ; yet 
it ought to be borne in mind that as ail sound scholar¬ 
ship is founded upon Grammar, so all sound Geology 
depends primarily on it familiar acquaintance with the 
distinctive characters ol .simple Minerals.” 

Of Mineral Species. 

(3.) If we examine specimens of the various kinds of 
Minerals, they will be found to ditlcr considerably in 
form and colour : some will be opaque, others more or 
less transparent; and among those which arc transpa¬ 
rent, some may be observed to produce a double image 
of the objects seen through them. If the specimens are 
taken in the hand, some will be found much heavier than 
others of the same apparent size. If an attempt be 
made to scratch them with a pin or needle, some will be 
readily marked by the pin, others will require the steel 
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point to produce the same effect ; and others will not Mineralogy 

be scratched by either. Some may be cut with a knife s—-< 

into thin slices, while an attempt to cut others will pro¬ 
duce only powder or fragments, and many will entirely 
resist the action of the knife. Some limy be lianmieied 
into thin plates, while others will only be bruised to 
powder, or broken into angular fragments with plain or 
curved surfaces. 

(I.) If the different specimens wore to be analyzed 
bv the Chemist, many of them would agree, and many 
differ in their composition, apparently denoting identity 
or dillercucc ofkind among the Minerals examined ; and 
it might he expected that such Minerals would also be 
distinguished by corresponding resemblances or disagree¬ 
ments in their external anil other chat actors. Hut it 
would occasionally he perceived that specimens which 
agreed in their chemical composition, exhibited dillcr- 
enccs in some of their external diameters; and that 
others which agreed in their external characters, differed 
in their chemical composition. There would, however, 
generally be found among the external or physical cha¬ 
racters some which so constantly accompany particular 
chemical kinds, as to warrant the conclusion that such 
characters arc essential to such kinds: but it must be ad¬ 
mitted that. until the relations between the chemical and 
other properties shall he more eoirectly ascertained, the 
separation of all the known Minerals into kinds or 
species, must, in many instances, be regarded as pro¬ 
visional only, and subject to alterations as tlieii pro 
perlies become better understood. 

(5.) it appeals from clu-mical analysis that carbonate 
of lime which occurs generally in rhomboids, as in 
the common calcareous spar, occurs also in rhombic 
prisms, as in arragonite ; and hence it billows that the 
same elements ate subject to different modes of crystal¬ 
line arrangement. U is apparent that caihonate ot lime 
and arragonite might, from the similarity of their com¬ 
position, be regarded as belonging to the same naturltt 
species ; while the iliIfercnces in their form and m their , 
physical properties, which arc also natural characters, 
would require them to he considered as distinct naluial 
species ; lint as the practical purpose tiir which Minerals 
aie divided into species, that of alfoiding the means of 
distinguishing them from each oilier, is more completely 
answered by regarding them as different species, they 
have lieen so considered by previous writers on Mine¬ 
ralogy. This property of crystallizing under two distinct 
forms has been termed dimorphism; and in order to 
preserve a consistent Mineralogieal rule, all dimorphous 
substances ought to form two species; and even sul¬ 
phur, although a simple chemical body, as it crystallizes 
under two separate forms, ought not, perhaps, to become 
an exception to the rule. Hence it is obvious that there 
might be two distinct natural sy stems of classification ot 
Minerals, distinguished as the Chemical and Mineralo- 
gical; and if all the discrepancies between Chemical and 
Mineralogieal species were analogous to those ol car¬ 
bonate of lime anil arragonite, there would be hltle diffi¬ 
culty in classing and arranging the whole according to 
either of these methods, lint there arc other anomalies 
3 si’ 
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Mineralogy in tile relations of the composition and form of Minerals, 
arising out of what has been termed the isomorphism of 
their molecules, which tend still further to embarrass the 
distinction of species among several well Known sub¬ 
stances. (in this subject, however, we must refer our 
readers to some papers in the Xth volume of the Phil. 
Mm r. and Annals of Philosophy, and to the lit ports of 
Ihr llrilisli Association for I he Atlcnnccuicnt of Science. 

(fi ) In addition to the uncertainties already noticed in 
the determination of Mineral species, some further diffi¬ 
culty may occasionally be experienced from the changes 
which arc found to have (alien place in the substance 
of Minerals, without any alteration of external form or 
cleavage. A Mineral so altered has hern termed rpi gate. 
by Many; and examples of such changes may lie ob¬ 
served in iron pyrites, where the sulphur has left the 
iron, and oxygen has taKeu its place ; ami in carbon¬ 
ate of iron, where the carbonic acid has (putted the 
Mineral, and left it in the state of an oxide. In both these, 
instances the crystal line forms of the pyrites and carbon¬ 
ate of iron are retained. 

(7.) The substance of one Mineral is also occasionally 
found to have been destroyed or removed, and to have 
been replaced by that of another, which yet retains the 
Ihnn of the original substance, :i change to which the 
term 'pseudomorphism has been applied, ft is not lin- 
frequeut. among Minerals, but its causes are involved 
ill great obscurity. 

(H.) It has also been supposed that Minerals may 
puss from one species into another. As where two dis¬ 
tinct species are so mixed, that neither should appear to 
predominate or envelope the particles of the other, and to 
assume its proper form and other characters. Hut the 
only difficulty that could present itself in Ihis case would 
arise, not from the compound exhibiting a false character, 
but from its being destitute of any precise specific cha¬ 
racter. 

Of Classification. 

(9.) Let us suppose that the physical and chemical 
characters of all the varieties of known Minerals iiave 
been ascertained and accurately recorded. The next 
proceeding of the owner of such a collection would pro¬ 
bably lie an attempt to arrange these descriptions, so as 
fo exhibit (he natural relations of the different kinds to 
each other. In attempting to effect which object, he 
would immediately perceive that there might he as 
many different systems of natural classification as there 
are distinct natural characters among Minerals. And 
hence Ins first difficulty would be the selection of the 
particular characters which might afford the best founda¬ 
tion ofliis natural arrangement; but for reasons which 
we bare not space here to discuss, lie would probably 
adopt the chemical composition as liis basis. 

(10.) Let us now imagine the supposed collection to 
have been destroyed, and the possessor of it to be dcsir- 
ous of again forming a similar one, with no other assist¬ 
ance than the descriptions that have been preserved of 
the lost specimens. 

As these recorded descriptions arc supposed to have 
been either noted down promiscuously, or to have 
been afterwards arranged according to composition, it 
is obvious that however correctly they may have been 
reorded, they would afford little assistance in identifying 
new specimens ; for the time and lubour that would be 
required for successively comparing each new specimen 


with each individual description of those which had been Mine,; «gy 
destroyed, would render the attempt impracticable. V "*' v 

In order, therefore, to facilitate the recognition of spe¬ 
cies from recorded descriptions, and thus to practise the 
Art. of Mineralogy, it would he found necessary to 
classify and arrange the several characters with a view 
to this particular object, and thus to produce what may 
be termed an artificial arrangement. 

Mineralogy may therefore lie regarded both as a Sci¬ 
ence and an Art. As a Science in reference to the know¬ 
ledge requisite for supplying accurate descriptions of 
Minerals, and forming what may be termed a natural 
classification ; and an Art in reference to the arrange¬ 
ment of tlu* descriptive characters for the purpose of after¬ 
wards distinguishing Minerals from each other. 

(11.) Hefbrc we proceed to explain the methods 
which liaxc been adapted to these purposes, wc shall 
follow Berzelius in a busty review of the History of 
Mineralogy, and the methods of classification adopted by 
preceding authors. 

Little is tube discovered in the writings of tlic Ancients 
relative to Mineralogy in the modern sense of that term. 

On the contrary, the earliest histories and descriptions 
of Minerals are interspersed with fabulous accounts, such 
as Pliny has recorded of the diamond ; which he says is 
so hard that no blow of the hammer will break it, hut 
that when struck upon an anvil, it will rather split both 
the anvil and the hammer than suffer itself to lie broken, 
unless it he previously steeped in the blood of a goat le- 
cently killed. 

The first attempts at a methodical arrangement of 
Minerals, and the first use of the term Mineral King¬ 
dom must be referred to the XVJltli Century, within 
which period many different systems, or Mineralogical 
methods, have been published. Some founded on exter¬ 
nal and physical characters only; others uniting the. 
chemical diameter to these ; anil some later ones being 
strictly chemical. 

Wallerius, one of the most distinguished of the early 
writers, arranged his species of Minerals liy some of their 
external and physical characters; such as texture, fracture, 
figure of the fragments, colour, transparence, hardness, 
as evinced by giving sparks with steel, effervescence with 
acids, Ac. The systems of Brunner and ofCronsndt 
were also founded on external characters, and consisted 
of four principal subdivisions : 

Earths, Bitumens, 

Salts, Metals. 

And each of these classes was subdivided into the fol¬ 
lowing orders, dependent on texture or structure. 

1. Earthy, 5. Fibrous, 

2. Scaly, 6. Granular foliated, 

3. Foliated, 7. Compact. 

4. Radiated, 

The salts being further determined by their flavour; as 

Astringent, Sweet, 

Acid, Salt, &c. 

These systems, it. may be observed, were founded at 
a period when Chemistry had made comparatively little 
progress; but as that Science improved, we find it re¬ 
sorted to by Mineralogists for supplying other distin¬ 
guishing characters. 

The systems of Werner and of ITaussmann were 
founded upon the chemical and external characters con¬ 
jointly; and that of Werner was for a considerable period 
almost exclusively adopted by Mineralogists. It was 
not, however, published by the author himself, and 
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Mineralogy coming only through the hands of his pupils, tnny pos- 
s ibly not have always represented his views with accu¬ 
racy. 

The following is an outline of his method of classi¬ 
fication : 

Class 1. Earthy Minerals. 

Class 2. Saline Minerals. 

Class 3. Tnll&mniables. 

Class 4. Metals. 

In this system the advantages which might result to 
the Science from any single natural method, are una¬ 
vailable to the student. For the chemical arrangement 
is continually violated to preserve an apparent consist¬ 
ency in that founded on external characters, which, in 
its turn, is not unfrequently disturbed by the regard 
paid to chemical constitution. And hence its followers 
have seldom agreed concerning the proper place which 
new Minerals ought to occupy iu that system. The 
system of Haussinann was also founded upon a chemical 
basis, but more perfect than that of Werner, and was 
also combined with the consideration of external cha¬ 
racters. And hence the disadvantage of attempting to 
combine conflicting and incompatible systems, was as 
apparent in this as it had been in the system of Werner. 

The principal systems founded on a more stiictiy 
chemical basis were first those of Karsten and of lfniiy, 
and, at a later period, of Brongniurt, Cleveland, and 
Phillips ; that of Karsten may be said to present the 
dawn of an attempt at accurate natural classification, 
which lias been greatly improved in the bunds of llnfiy, 
and has derived still greater advantages fiom the labours 
of Berzelius. We shall, therefore, enter no further into 
the system of Karsteu than to say, that its leading 
divisions are into 

1. Earths, 2. Salts, 

containing all the soluble varieties arranged according 
to their acids, 

3. Combustibles, 4. Metals. 

(12.) The system of llnfiy was first published in 
1801, and a second edition in 1822. 

II is definition of a Mineral species is, that all the in¬ 
dividuals belonging to it shall be similar in their com¬ 
position, and that their crystalline farms shall aha he, 
similar. It is obvious from what has preceded that this 
definition cannot be universally applied. If, lie sa\s, wc 
collect crystals of quartz from different parts oft he World, 
we shall observe such a general resemblance among 
them as would lead to a conclusion of their being 
similar Minerals. If we examine them chemically, wc 
are supported in this conclusion ; and if we measure 
their angles, we shall find such mi agreement aiming 
the corresponding ones of different crystals as to leave 
no doubt that they all belong to one species. Let us 
now, be says, take a rolled pebble whose lustre, 
when biokvn, resembles the fractured parts of crystals 
of quartz. We analyze the substance, and find it nearly 
pure silex; we place it in a position in which we may 
observe the light reflected from its fractured surface, and 
we perceive that from some parts of that surface not 
only the rays of light, but the images of objects, are 
distinctly reflected ; we consider those parts as portions 
of cleavage planes, we detach and measure some frag¬ 
ments, and wc discover angles corresponding with some 
of those presented by the regular crystals of quartz; we 
therefore include our specimen under the species quartz. 
We proceed with another specimen of what is termed 
white cornelian, whose structure is fibrous, whose frag¬ 


ments afford but dull reflections of light, and not anv Mineralogy 
images of surrounding objects. Tins difleis so much u\ —v"—' 

character from the preceding specimens, that at first 
view we should exclude it Irom the species. But on 
analysis, we find that its composition is very nearly 
similar to that of rock crystals ; and as an analogy has 
been observed to subsist between the crystallized and 
fibrous structure of other Minerals, we place our white 
cornelian as a variety of the species quartz. 

The following is an outline of the classitic ition 
adopted by llaiiy: 

Class l. Free acids. 

Class 2. Metals appearing under another charncUr. 

(Iletoropsides.) These are the earthy Minerals. 

Appendix to class 2. The characteristic piinciple de¬ 
pending upon the silex not yet determined, and being 
free or combined. 

Class 3. Metals appearing-ns such. (Autopsides.) 

Order 1. Not immediately oxidable, unless at a 
very high temperature, aud immediately redu- 
ci hie. 

Order 2. Oxidnble, and reducible immediately. 

Order 3. Oxidnble, hut not immediately reducible. 

a. Sensibly ductile. 

b. Not ductile. 

Class 4. Combustibles, not metallic. 

An appendix to tlvis class, consisting of substances 
of vegetable origin. 

Appendix to the four preceding Classes. 

22 substances. 

Tilis classification appears equally objectionable with 
those preceding it, exhibiting as it does a mixture of 
chemical and physical characters in the same system. 

We pass over the systems of Brongniurt, Cleveland, 

Phillips, Brcilhaupt, Boudant, and other authors who 
have intervened between the first publication of llaiiy’s 
method and the present time, not as unworthy of more 
particular notice, hut because they may be regarded as 
varieties of the chemical method, modified iu a greater 
or less degree by the introduction of some other prin¬ 
ciple. 

We ore indebted to Berzelius for the first attempt at 
a strictly chemical classification of Minerals. According 
to this author's system, all chemical compounds are 
supposed to consist of electro-positive and electro-nega¬ 
tive particles, attracted and held together by a force 
analogous to that by which bodies in diflereul states of 
electricity are influenced. When Minerals are analyzed, 
therefore, and their simple constituent parts asceiiained, 
we are, according to this theory, to regard those of the 
electro-positive and electro-negative elements which 
present themselves in such definite, proportions as are 
consistent with the atomic theory , to be essential elemen¬ 
tary parts of the Mineral examined; aud upon this 
principle a general determination of Mineral species 
has been attempted, and a systematic classification 
founded. 

But this author lias candidly acknowledged the diffi¬ 
culties which, iu (he present state of Chemical Science, 
attend the inquiry into what are really die essential con¬ 
stituents of Minerals. The first is that of ascertaining 
correctly, by means of analysis, the nature of all the dif¬ 
ferent kinds of particles which enter into the composition 
of a compound Mineral, and the still greater difficulty of 
determining the exact pioporlinns ol each kind. 'I ids, 
however, may possibly be overcome by further impiove- 
tnenls ill practical Chemistry. But the second, aud us 
3 q 2 
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it appears to us the insurmountable impediment to the 
establishment of an accurate chemical determination of 
Mineral s|»eeies, arises from the extraneous matter which 
is so frequently, we might almost say universally, found 
accompanying; the essential constituents of the Mincrnl. 

The substance known by the name of I'ountainbleau 
sandstone affords a striking' instance of this kind of com¬ 
position. This Mineral mny be regarded either as gra¬ 
nular quart'/, cemented by carbonate of lime, or as car¬ 
bonate of lime enveloping grains of quartz, yet no one 
has ever regarded this mixture as constituting anew 
chemical species. Instances also occur in which only 
part of a specimen is coloured by foreign matter, which, 
if it had pervaded the whole specimen, the Chemist 
would be deceived by analysis, and would erect an acci¬ 
dental variety of some known Mineral into a new species. 

On looking over the numlicr of species which Berze¬ 
lius has formed out of the garnet, tribes, it is much to 
be suspected that accidental mixtures have been reckoned 
among the essential constituents of several of the varie¬ 
ties examined ; a suspicion which nmy be reasonably 
entertained from the manner in which the chemical for¬ 
mula* of Minerals is made up. For we can scarcely 
imagine a compound, however heterogeneous, whose 
constituent particles may not he so parcelled out as to 
apjiear nearly definitely proportional to each other. It 
is, however, very possible that some of the Minerals 
hitherto called garnets, on account of their crystalline 
form, may really be different substances. But the num¬ 
ber of Mineral species which may fairly he regarded us 
doubtful on account of some supposed heterogeneous 
mixture of elements will probably be continually reduced 
by new and more correct analyses ; with a due regard to 
the matrix, to the accompanying substances, and to the 
purity of the specimens analyzed, as far as that can be 
judged of from their transparency and other characters. 

The order established by the electro-chemical relation 
of bodies is supposed to be generally preserved in all 
their combinations. Tims if A be ebrtro-nriiat.ire in re¬ 
spect of B and of C, B will generally be electro-negative 
in relation to C ; but this appears not to be universally 
so; and sometimes one electro-negative body is found 
combined with two or more bases, and sometimes two 
acids are combined with u single base. 

If, says Berzelius, with these theoretic notions in our 
mind we look through the productions of the Mineral 
kingdom, the apparently confused combinations which 
Minerals present will be immediately pervaded by re¬ 
gularity and order. We perceive un extensive class of 
Minerals into which silex enters as a constituent, assum¬ 
ing the character of salts, either simple, double, triple, or 
quadruple, and with various excesses of the acid or the 
base. Jn the same maimer we perceive the oxides of 
titanium, of tellurium, and of other metals, performing 
the (unctions of acids, and thus reducing the whole series 
of Minerals to one uniform system of classification ; and 
the doctrine of definite proportions introduced within a 
few years into Chemistry, might, if we could fully avail 
ourselves of its aid, be said to confer on this system of 
Miucralogical classification a degree of almost mathe¬ 
matical precision. But, os we have already stated, in 
consequence of the difficulty of ascertaining the propor¬ 
tions of the actual ingredients of Minerals, and the still 
greater difficulty of distinguishing those which are essen¬ 
tial to the species analyzed, we are not yet enabled to 
confer on a chemical classification all the advantages 
offered by the improved doctrines of Chemistry, 


In the large class of Minerals containing silex, and Mineralogy 
which are the only ones that are likely to occasion much 
difficulty, we are persuaded that there are not at present 
sufficient data to determine their chemical species with ac¬ 
curacy. And in this opinion we have the concurrence of 
the author himself; for he allows in his Nouveau Systeme 
Mineralogiqur, at p. 22, that although the number of 
analyses already made by Klaproth, and others since his 
time, supply a large store of materials for the determi¬ 
nation of species, yet the entire accomplishment of this 
object must be the result of future labours, directed sedu¬ 
lously and entirely to the accuracy of analysis. And in p. 

92 of the same Work he says, “ I cannot be certain 
that the analysis of the triple or quadruple silicates, or 
consequently the formula: deduced from these, are cor¬ 
rect. I give them only as examples of the probable com¬ 
position of these Minerals. The art of analysis not 
being yet advanced to that - degree of perfection, which 
will command our reliance on its results when the in¬ 
gredients of the substance analy zed are numerous." It 
is on these grounds that wc have omitted the Mineralo- 
gical formula* of Berzelius iu this Treatise. 

We have, however, adopted provisionally his chemical 
classification, as it appears in the Annals of Philosophy, 

New Series, vol. xi. p. 4‘22, being, we believe, the best 
natural arrangement yet proposed. To the list there 
given, the later examined Minerals have been added. 

In this arrangement we have numbered the species, 
and in the alphabetical list we have given references to 
these numbers, by which the chemical order of the differ¬ 
ent species in that list may he readily ascertained. 

We have also for the more convenient reference to 
cabinets which may lie arranged according to this system, 
retained the different substances in the order there 
adopted by Berzelius, although in his recent Work on 
Chemistry that order lias been a little varied. 

Chemical Classification of Minerals. 

Iron, native, meteoric. Aerolite, 1. 

terrestrial, 1. from France, 2. 

... 2. from North America, Con¬ 

necticut, 3. 

... 3. Pennsylvania, 4. 

volcanic, 5. 

native steel ? terrestrial, 6. 

volcanic, 7. 

Copper, native, 8. 

Bismuth, native, 9. 

Lead, native, 10. 

Silver, native, 11. 

Mercury, native, 12. 

IIydrarguret of silver. Amalgam, 13, 

Palladium, native, 11. 

Platina, native, 15. 

Osmium. 

Osmiuret of iridium, 16. 

Gold, native, 17. 

Aururet of silver. Electrum, 18 
Tellurium, native, 19. 

Tclluret of bismuth, 20. 

... ... and silver, 21. 

.. . lead and silver. Foliated ? 22. 

... .. and gold. Yellow, 23. 

silver and gold. Graphic, 24. 

Antimony, native, 25. 

Stibiurct of silver. Aiitimonial silver, 26. 
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Mineralogy Arsenic, native, 27. 

Arseniuret of nickel. Copper-nickel, 28. 

... cobalt. While cohalt, 29. 

hard, 30. 
radiated, 31. 
rhombic, 32. 

... «.. bismuth, iron, &c. cobalto-bis- 

muihic arsenic, 33. 
bismuth, 34. 
copper, 3b. 

silver. Arsenical silver ? 36. 
antimony from Allemont? 37. 

... .. Pribram, 38. 

manganese, 39. 

Carbon, native. Diamond, 40. 

Anthracite, 41. 

Carburet of iron. Graphite, 42. 

Siderographitc ? 43. 

Azote, native, gaseous, 44. 

Selenium, native, 45. 

Seieniuret of bismuth and tellurium, 46. 

... lead, 47. 

... ... and cobalt, 48. 

... .copper, 49. 

cupriferous seieniuret 
of lead, 50. 

... .. .. mercury, 51. 

... .. copper and silver, 52. 

... copper, 53. 

... ... and silver. Eukairite, 54. 

... zinc, with sulphur and mercury. 

... ... Rialite, 55. 

... ... Culebrile, 56. 

Iodine. Iodide of silver, 57. 

Chlorine, 58. 

Chloride of sodium, 59. 

... ammonium, 60. 

.. . calcium, 61. 

... magnesium, 62. 

... lead, 63. 

chioro-oxidc. Berzelite, 64. 
chloro-carbonate, 65. 

.. . copper, 66. 

. . . silver, 67. 

... mercury, 68. 

Sulphur, native, G9. 

Sulphurct of manganese, 70. 

... zinc. Blende, 71. 

... iron. Pyrites, yellow, 72. 

.. . while, 73. 

... magnetic, 74. 

.. . cobalt, 75. 

... nickel. Capillary nickel, 76. 

... copper. Vitreous copper, 77. 

... copper and iron. Grey, 78. 

Tennanlile, 79. 
Puiple, 80. 

Yellow, 81. 
Kupferindig, 82. 
lead. Galena, 83. 
bismuth, 84. 

... and copper, 85. 

... copper, and lead. Needle ore, 86. 
tin and copper. Tin pyrites, 87. 
silver, 88. 

... and copper, 89. 

.. . copper, lead, and bismuth, 90. 


Oxide of calcium. 

... manganese, 


Sulphurct of silver and iron ? Sternbrrgite , 91. Mineralogy 

. . . mercury. Cinnabar, 92. ✓ 

. . • antimony. Grey antimony, 93. 

Black antimony? 94. 

... ... nickel and arsenic, 95. 

• • • • • • n, ul nickel. Hartmanniie, 96. 

• • • • • • lead and copper. Bournonite, 

97. 

... ... and copper, 98. 

... ... anil lead. Zhikenite, 99. 

... ... lead and silver, 100. 

... .and iron. Jamcsoniie, 101. 

... ... and iron. Berthierite, 102. 

... ... and silver. Romelitr , 103. 

... ... and silver. Red silver, 104. 

Miargyrite, 105. 

Polybasite , 106. 

.. . molybdenum, 107. 

... arsenic, red. Realgar, 108. 

... ... yellow. Orpiment, 109. 

... selenium, 110. 

Sulpho-arseniuret of iron. Mispickel, 111. 

Nuttrnbergilc, 112. 

... cobalt. Grey cobalt, crystallized, 113, 

.... amorphous, 114. 

... nickel, grey nickel, 115. 

Oxygen, native, gaseous, 116. 

a. Electro-positive oxides. 

Native lime, 117. 

Manganite, 118. 

Varvicile, 119. 

Pyrolusitr , 120. 

Psilomelane, 121. 

Hausmannite, 122. 

Braunitr, 123. 

zinc, red, 124. 
iron. Oligiste, 125. 

Magnetic , 126. 

... zinc, and manganese. Franklinite, 127. 

... and manganese. Umber, 128. 
cobalt and manganese. Earthy cobalt, 129. 
nickel, 130. 

copper. Red copper, 131. 

... iron,and manganese. Black copper, 132. 

.. . and manganese. Cupreous manganese, 

133. 

lead, yellow. Massicot, 134. 

... red. Minium, 135. 

.. . and iron. Beudantile, 136. 
bismuth. Bismuth ochre, 137. 
uranium. Pitchblende, 138. 
tin. Tinstone, 139. 

b. Electro-negative oxides. 

Water, 140. 

Hydrate of magnesia, 141. 

.. . manganese, 142. 

•.. iron, 143. 

... uranium, 144. 

Alumina, native. Corundum, 145. 

Rotten stone, 146. 

Aluminate of magnesia. Spindle, 147. 

... magnesia ami iron. Pleonaste, 148. 

... iron? Skorian, 149. 

. . . zinc. Aulotnolitr, 150. 

... lead. Plomb-gomme, 151. 

.. . water. Gibbsilc, 15*2. 

... ... and iron. Diaspore, 153. 
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Mineralogy Silica, quarts, 151. Farida «. 

Hydrous quarts. Opal, Sc. 155. 

llydrosilicite , 1 56. 
Kan it Hr, 157. 
Tripoli, 1 58. 

Giyserite, 159. 

a. Silicates with a single base. 

Silicate of lime. From A'.detfors, ICO. 

JFollastomte, 161. 

0kenite, 162 

., . magnesia. Serpen tine, 1G3. 

Steatite, 164. 

Finnic ilr tner, 165. 
Pyrallohtr, I 66. 
Marmot itc, 167. 

... aiiic. Flrrtric calamine, 165. 

... manganese, 169. 

.. . cerium, ird. Cerite, 170. 

yd/ow, 171. 

... iron. Jlisingrrilc, 172. 

C/ilorop/imlr, 17 3. 
(’/itoiu/iat, 174. 

Sidcrosch isot Hr, 175. 
Thraulitv, 176. 

Non trim lie, 177, 

... copper. Dioplase, 178. 

Chrysocolla, 179 
... xiroonia. Zircon, 180. 

... alumina. Ky unite, lbl. 

Sillimanilc, 152. 
line hols ite, 153. 
Flbrolite, 184. 
Andalusite, 185. 
C/iiastolite, 156. 
Hydrous silicates of alumina. 

1‘hula ite, 1S7. 

Attophane, 15S. 

Lenzinite, 189. 
ilalloysile, 190. 

Sererite, 191. 

Fuller's earth, 192. 

Cnnnlite, 193. 

Agalmatvlite, 194. 

Lilhumargr, 195. 

Hole, 190. 

Mountain soap, 197. 

Lrmnian earth, 195. 

Kol/ynte, 199. 

Searbrbite, 200. 

Kaolin, ‘Mil. 

Clay, 202. 

Am pelt/e, ‘203. 

b. Silicates with sereral liases. 

1. Au alkali, alumina, water, 

Apophylhte., 204. 

Chahasie, with base of soda, 205. 

lime. Levync, 206. 

Mrsntypr, 207. 

Mesohtc, 205. 

Jlfcsulc, 209. 

A nakinic, 210. 

Gtnelinile, 211. 

Thomsonitr, 212. 

SlilbUe, 213. 

F.pistdbite, 214 
HeulandUr, 215 
Brewster ite, 216. 


Lamnnnite, 217. Mineralogy 

Skolezite, 2IS. 

Aragonite, 219. 

Harmotome, 220. 

Kdingtoiiite, 221. 

Frehnite, 222. 

Killinite, 223. 

Radiolite, 224. 

2. Au alkali, lime, and water. 

Prktohte, 225. 

3. Ail alkali, alumina, anhydrous. 

Felspar, 226. 

ClravelandUc, 227. 

Anorthite, 228. 

Pet a I ite, 229. 

Spud time ne, will) lilhia, 230. 

with soda, 231. 

Gabhronite, 232. 

Leufilr, 233. 

Labradonte, 234. 

ScapotUe, 235. 

Meionite, 236. 

Fkebergit.e, 237. 

FI not ite, 238. 

Nepheline, 239. 

Sodalitr, 240. 

Itlnerite, 211. 

Anhydrous skolezite, 242. 

Ertanite, 2 13. 

Glancolite, 244. 

Appendix. 

Pearlstone, 245. 

Pitchstone, 246. 

Pumice, 217. 

Sphrerulite, 248. 

Obsidian, 249. 

Lava, 250. 

4. An alkali, magnesia, or oxide of iron, or of man¬ 

ganese. 

Pie rot ite, 251. 

Picrosmine, 252. 

Punelite, 253. 

Tate, 251. 

Pyrophyllilc, 235. 

Chlorite, 256. 

Green earth, 257. 

Mua, ihomboidal, 25S. 

oblique prisms, 259. 

Lepidohtc, 260. 

Marganle, 261. 

Jluhetlan, 262. 

Oder it, 263. 

Gieseekite, 264. 

Fahliinile, 265. 

Finite, 266. 

5. An alkali, oxide of iron. 

Acbmite, 267. 

6. Lime, magnesia, or oxide of iron, or manganese. 

The silica sometimes replaced by alumina. 

Pyroxene, 268. 
a lute, 269. 
green, 270. 

Mangamsian, 271. 

Anglic, 272. 

Jiffersnnite, 273. 

Bit stain He, 274. 

Amphibole, 275, 



MINERALOGY. 


471 


Mineralogy 


Grammatite, 276. 

Actynolite, 277. 

Hornblende, 278. 

Arfwedsonite? 279. 

7. Liine, magnesia, oxide of iron, oxide of manga¬ 

nese. 

llvaite, 280. 

Cronste.dlite, 281. 

Pyrosmalilc, 282. 

Peridot, 283. 

Hyatosiderite, 284. 

IIypernthene, 285. 

Bromite, 286. 

Schiller sprtr, 287. 

Knel'clitc, 288. 

8. Lime or magnesia, or oxide of iron or manga¬ 

nese or cerium, alumina. 

F.pidote, 289. 

Zt'txile, 290. 

I doer use, 291. 

magnesian. Loboitr , 292. 
cupriferous. Cyurine, 293. 

Garnet, 294. 

Granular, 295. 

Aptomc, 296. 

Alma inline, 297. 

Magnesian, 29S. 

Munganesian, 299. 

Pyrope, 300. 

Esxonite, 301 
Hclnn, 302. 
tie hi en He, 303. 

Anthophylhtc, 304. 

Dichraitc, 305. 

Jade, 306. 

Nephrite, 307. 

Saussurite, 308. 

Snrdawalite, 309. 

Isopyre, 310. 

Tetchy I He? 311. 

Karphohlc, 312. 

Sapphirin, 313. 

Chrnnoisile, 314. 

Indianitc, 315. 

Latrobilc, 316. 

Leelile, 317. 

Ligurite. 318. 

Ctrinc 319 
Al/aidle, 320. 

9. Oxide of iron, alumina. 

Staurotide, 321. 

10. (ilucinu, alumina. 

Emerald, 322. 

Euclase, 323. 

Chrysobcril, 324. 

11. Ytlria, oxide of iron, oxide of cerium, &C. 
Gadolinile, from Ytterby, 325. 

Kararfoet, 326. 

Oil kite, 327. 

PymrUiite, 328. 

12. Zirconia, oxide of iron, &c, p 
Eudyalite, 329. 

Appendix to silicates." Minerals not analyzed, or of 
doubtful composition. 

Au rattle, 330. 

Amphodelite, 331.' 

Babingtonite, 332. 


Bergmannile, 333. 

Biotinu, 334. 

Bolddc, 335. 

Buclilaiuhfe, 33G. 

Cannlinilc, 337. 

Cereal He, 33S. 

Chit site, 339. 

Comptonite, 340. 

Daryne, 311. 

Desmine, 312. 

Dipyre, 313. 

Dijllite, 34 1. 

Domile, 315. 

Forsleri/e, 3 \ 'i. 

Preislcben, 3 17. 

Pwtcite, 348. 

GlgaiHnlt/e, 319. 

Ilarring/nnitc. 350. 
lledenht rgite, 351. 

Ilerderde, jt>2. 

Ilrrsehel/i/e, 353. 

Illlllll/e, 351. 

Jberile, 355. 

Ilinenile, 356. 

Green iron i til th, 357. 

Keffi kill He. 358. 
jjierzohte, 359. 

Limbiltfe, 360. 

Metlitilc, 361. 

Moiiftcelltlc, 362. 

Murchisnnile, 363. 

Necronite, 364. 

Nut/al/ile, 365. 

Osmdtle, 366. 

Oslranile, 367. 

Pingitile, 368. 

Poonahlile, 369. 

Pyrargiltlle, 370. 
lluzoumolfskin.Wi 1. 

Sarcolite, 372. 

Slderocleple, 373 
Somervdlite, 374. 

Tantolite, 375. 

Thorite, 376. 

Torre/i/e, 377. 

Turner He, 378. 

Varga die, 379. 

JVeerllnle, 380. 
ll’ilhatnile, 381. 

JVolk'ins/eoit, 382. 

Xanthile, 383. 

Xanlholile , 381. 

Zurlite, 385. 

Oxide of titanium, (titanic acid.) Anatase, 386. 

Untile, 387. 

Brookite ? 388. 

Tituuiate ofjron.j Iron sand, 389. 

Nigrine, 390. 

Axotoinous iron, 391 
Crichtonite, 39.2. 

Mohsite, 393. 

Silico-titaiiiate of liine. Spheue, 391. 
Titiiniatcs with several bases of cerium yltria, 
zircimia, Ac. 

Pyroehh. e, 395. 

Po/yniigiii/e, 396. 

Aisrhymte, 397. 


Mineralogy 
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Mineralogy Tantalic acid. 

Tantalules of yltria. cerium, iron, &c, 

Fergusonite. 398. 

Yttrotantalile, black, 399. 

brown, 100, 
yellow, 401. 

Tanlalile, 402. 

a. from Kimito, 403. 
h. .. Fiiilw, 404. 

c. . . Brodbo, 405. 

d. . . Bavariu, 400. 

e. .. North America, 407. 

f. .. Kimito, giving a cinnamon-co¬ 

loured powder, 408. 

Oxide of antimony. White antimony, 409. 
Oxi-sulphuret of antimony, lied antimony, 410. 

Tinder ore? 411. 

Scheelir acid, 412. 

Schedule of’lime. Tungsten, 413. 

... iron and manganese. Wolfram, 414. 
... lead, 415. 

Mn/ybdic acid, 41 6. 

Molybdate of lead, 417. 

Pamplonile ? 418. 

Oxide of chrome, native, 419. 

Chromate oi'irou, 420. 

.., lead, 421. 

... lead and copper, Vauquelinite, 422. 

Barack acid, hydrous, native, 423. 
lloratc of soda. Tincal, 421. 

... magnesia. Boraeite, 425. 

Iloro-siiicatc of lime. Dalholile, 426. 

Humboldtite. 427. 

Botryolile., 428. 

... alumina, lime, &c. 

Tourmaline, 429. 

a with base of potash. 
b ... lithiu. 

c ... magnesia. 

Axinite, 430. 

Carbonic arid, gaseous, native, 431. 

Carbonate of soda. Oblique rhombic prisms, 432. 

right rhombic prisms, 433. 
Trona, 134. 
bi-rarbonate ? 435. 

.. ... and lime. Gay Lussile, 436. 

Barruelite, 437. 

... barytes, 438. 

.. . strontia, 439. 

barytiferous. Stromnite, 440. 

... lime, a. Calcite, 441. 

b. Arragonite, 442. 

... ... and barytes. Barylocalcite, 443. 

.and iron. Ankerite, 444. 

... ... and lead. Plumbocalcite, 445. 

... magnesia, 446. 

... ... and lime, flitter spur, 447. 

Mcsitinespar? 448. 

... ... ... and iron, 449. 

... ... and iron, 450. 

... manganese, 451. 

... iron. Brown spar, 452. 

argillaceous, clay-iron-stone, 453. 
.,. zinc. Calamine, 454. 

a. crystallized. 

b. earthy. 

... cerium, 455. 


Carbonate of bismuth, 456. ^ Mineralogy 

sMcious. Tlimuth blende, 457. '“•‘"V—' 
.. . lead, 458. 

... silver. Selbife, 459. 

... copper, green. Malachite, 460. 

blue, 461. 

silirious. Chrysocolla in part, 

462. 

anhydrous, 463. 

... ... and zinc. Kupferschaum, 464. 

Oxide of arsenic, arsenic acid, 465. 

Arsuuiute of lime. Pharmacolite, 466. 

Ilaidingerite, 467. 

... iron , rhombic. Scorodite, 468. 

cubic, 4C9. 
amorphous? 470. 
arsenite ? 471. 

... cobalt. Red cobalt, 472. 

Rosctite, 473, 

... nickel, 474. 

. . . lead. Brown lead, 475. 

Arsenite? 476. 

.. . copper. Octahedral, 477. 

Olivenite, 478. 

Euchroite, 479. 

Triedral of Bournon, 480. 

Copper mica, 481. 

Erinitc, 482. 

Comlurrite. 9 483. 

Vanadic acid. 

Vunadiute of lead, 484. 

Phosphoric acid. 

Phosphate of lime. Apalitc, 485. 

.. . magnesia. H'agncrite, 486. 

... yttria, 487. 

... iron. Vivianile, 488. 

Karphosiderite, 489. 

... manganese and iron. Pilch ore, 490. 

Helepozite, 491. 
Uuraulite, 492. 

... lead, 493. 

phosphalo-arseniate, 494. 

... copper, right rhombic, 495. 

oblique rhombic, 496. 

.. . alumina. Wavcllite, 497. 

... ... and ammonia ,fromthelsleof 

Bourbon, 498. 

Azurite, 499. 

Calaite, 500. 

Amblygonite, 501. 

Childrenite, 502. 

Kakoxene, 503. 
uranium. Uranite, 504. 

Chalkolite, 505. 

Fluoric add. 

Fluatc of lime. Fluor, 506. 

fuo-arseniate of lime, 507. 

. .. yttria, 508. 

... cerium, neutral, 509. 

... ... sub-fluate, 510. 

.. and yttria, 511. 

... ... ... and lime. Ytlrocerite, 512. 

alumina. Fluellite, 513. 

. and soda. Cryolite, 514. 

Fluo-silicale of magnesia. Condrodite, 515, 

... alumina. Topaz, 516. 
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Mineralogy Nitric acid. 

—-' Nitrate of potnsl \fNilre, 517. 

... soda, 519. 

... lime, 519. 

magnesia, 520. 

Sulphuric acid, native, gaseous, 521. 

fluid, 522. 

Sulphate of aminoniu. Mascagnine , 523. 

.. . potash, 524. 

. .. sooa. Glauber salt, 525. 

Anhydrous. Thenardite, 526. 

.. . barytes. Baroselenile, 527. 

Baryto-fluoride ? 528. 
Schoarite ? 529. 
strontia. Crlcsline, 530. 

.. . and barytes. Grunerite, 531. 
lime. Gypsum, 532. 

Anhydrite, 533. 

. . . and soda. Glauhrrite, 534. 
Epsomitr, 535. 
and soda. Brussilr, 536. 

4 Blordi/r, 537. 

. . . soda and lime. Poly hall itr, 538. 

zinc, 539. 

iron. Green. Melanterite, 540. 

.. . Red. Bntryogenc, 511. 

.. . Fibrous, 512. 

Earthy. Misy ? 543. 
copper. Soluble, 544. 

Insoluble ? BrochanlUe, 545 
Koniginr, 516. 

... cobalt, 547. 

.. . lead, 549. 

... ... and copper, 549. 

Sulphato-carbonate of lead, 550, 

... ... ... and copper, 551. 

. . . tri-carbonate of lead, 552. 

... a. Uhomboidal, 553. 

... ft. Prismatic, 554. 

Sulphate of alumina. Neutral, 555. 

... ... with excess of base, 556. 

... ... Websterile, 557. 

... ... Davite, 558. 

and potash. Alum, 559. 
uranium, 560. 

... ... and copper. Johan nite, 561. 

Sihco-sulphatc of alumina. Oldhamile, 562. 

... . and potash. Alum-stone, 

563. 


Silicates containing sulphates, 

Lasnlite , 564. 

Ilauyne, 56.1. 

Spiiivllane, 566. 

Velvet copper , 567. 

Appendir. Metallic ? 

Ilrrislakite, 568. 

Velokonite, 569. 

Tejihroite 570. 

Hopeile, 571. 

Minerals apparently derived from organic substances. 
Mould, 572. 

Peat. 573. 

. Lignite. Wood coal, 574. 

VOL. VI. 


Dysodil. Paper mal, 575. 

Amber, 576. 

Belinasphaltum. 577. 

Fossil copal. 57S. 

llalrhi'tine , 579. 

Naphtha , 580. 

Petroleum, 5K1. 

Elastic bitumen, 582. 

Earthy bitumen. Maltha, 583. 

Mari ado, 59 

Asphaltum, 585. 

Ititiiminous coal, 596. 

Native Naphthaline , 587. 

Scherer lie, 589. 

Xy lurry] it lie, 599 

Mel/ito, 590. 

Oxalatr of iron, 591. 

(14.) It will readily be discovered by the reader, on 
locking through the preceding chemical classili. ation, 
that if he desires to ascertain whether u particular Mine¬ 
ral which he sees for the first time is included in it, the 
order iu which the species are there placed, even suppos¬ 
ing them accompanie d hy their descriptions, does not en¬ 
able him to do so. Some other arrangement, therefore, 
which for the sake of distinction wc have termed arti¬ 
ficial, is required tor this purpose. 

The first attempt at an arrangement of Minerals, with 
a view of affording the means of recognising them, is, 
wc believe, contained in Aikin’s Manual of Mini tah-^y, 
and is founded on the effects produced hy the blowpipe, 
combined with some other characters. But sen ice- 
able ns this arrangement might he, it is probable (iont 
the infrequency with which the blowpipe is used by 
Mineralogists, that it has not afforded tile assistance it is 
capable of rendering. 

(15.) The only other attempt at an artificial airange- 
nienl of Minerals, founded on their external and physi¬ 
cal elinracteis, lor the purposes of identifying and dis¬ 
tinguishing them, which has been published in this 
Country, is tiie system of Mohs; that of Weiss, by 
which it is snid to have been preceded, not having to 
our knowledge been printed either lure or in Via nee. 
The system established by Mohs, although impirtecl m 
respect to a particular class of crystalline hums, and 
defective in respect to the arrangement of many ol the 
species, which are thrown into appendices to the several 
orders of the system, is said to have fulfilled m a very 
great degree the object for which it was framed, and to 
have enabled his pupils to determine Mineral species 
when first presented to them with a considerable degree 
of precision. The translation which has nppi ared in 
this Country, although made hy a pupil of Mohs, emi¬ 
nently acquainted with Ids subject, and waiting our lan¬ 
guage with great correctness, is yet not given in so per¬ 
fect an English dress as to enable the reader at all 
times to comprehend fully the meaning of the author. 
The difficulty, however, which the reader might expe¬ 
rience from this cause, is nothing in compaiismi with 
that which he has to encounter in the minute analysis 
of the principles of the system, its learned yet repulsive 
nomenclature, and the symbols which represent (he 
crystalline forms. Indeed, so formidable have these 
characters of the Work ap|>eared to Mineralogists in this 
Country, that wc believe it has had very few, it any 
readers. We, however, give the following' abstract of 
the system, stripped of its repulsive appendages. 


Mineralogy 


I. 
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■urology System or Mons. 

Class 1. Sp.gr. under 3.8. 

No bituminous odour. 

Order 1. Sp.gr. 0.0001, 0.0014. 

Gqpeous. 

Not acid. 

2. Sp.gr. 1.0. 

Liquid. 

No odour or taste. 

3. Sp.gr. 0.0015, 3.7. 

Acid. 

4. Sp.gr. 1.2, 2.9. 

Solid. 

Soluble in water. 

Not acid. 

Class 2. Sp.gr. above 1.8. 

Tasteless. 

Order 1. Non-mctallic. 

Streak uucoloured. 

Hard. 1.5, 5.0. 

Sp.gr. 2.2, 3.3. 

a. Square or rhombic prisms; Hard. 4.0 or 

less; cleavage imperfect, oblique. 

b. Cube; Hard. 4.0. 

r. Single cleavage, bright; sp.gr. 2.4 or less. 

d. Hard, under 2.5; sp.gr. 2.4 or less. 

e. Hard, under 2.5; sp.gr. 2.4 or less; 

lustre not resinous. 

2. Noil-metallic. 

Streak uucoloured, or orange yellow 
Hard. 2.5, 5.0. 

Sp.gr. 3.3, 7.3. 

a. Single cleavage; sp.gr. 4.0 or less, 5.0 

and more. 

b. Lustre adamantine or imperfect metallic ; 

sp.gr. 5.0 and more. 

e. Streak orange-yellow; sp.gr. 6.0 uud 
more. 

d. Hard. 5.0 ; sp gr. under 4.5. 

e. Hurd. 5.0; sp.gr. under 4.0; triple cleav- 

age. 

3. Non-metullic. 

Streak uucoloured. 

Cleavage not single, imperfect. 

Hard. 1.0, 2.0. 

Sp.gr. above 5.5. 

4. Non-metullic. 

Colour blue, green, brown. 

Cleavage not single. 

Hard. 2.0, 5.0. 

Sp.gr. 2.0, 4.6. 

a. Colour or streak brown; Hard. 3.0 or 

less; sp.gr. above 2.5. 

b. Streak blue; Hard. 4.0 or less. 

c. Streak uucoloured; Hard, under 3.0; 

sp gr. 2.2 or less. 

5. Cleavage single, bright. 

Hard. 1.0, 4.5. 

Sp.gr. 1.9, 3.2. 

a. Metallic ; sp.gr. under 2.2. 

b. Nun-metallic; sp.gr. above 2.2. 

c. Khomboid; Hard. 3.0 and more. 

d. Metallic; sp.gr. under 2.5. 

6 . Non-metallic. 

Streak uucoloured, brown, blue. 

Hartl. 3.5, 7.0. 


Class 2. continued. Mineral,.*, 

Order 6 . continued. 

Sp.gr. 2.0, 3.7. 

a. Cube ; sp.gr. 3.0 or less. 

b. Rhomboid; Hard. 6,0; sp.gr. 2.2 or 

less. 

c. Single cleavage, bright; Hard. 4.0 or less. 

d. Lustre pearly; Hard, above 6 . 0 ; sp.gr. 

under 2.5, or above 2.8. 

e. Lustre not adamantine; oblique rhombic, 

or doubly oblique prisms ; Hurd. 6.0 ; 
sp.gr. above 3.3. 

f Traces of form and cleavage; sp.gr. 2 4 
or less. 

7. Non-metallie. 

No metallic adamantine lustre. 

Streak uucoloured. 

Hard. 5.5, 10.0. 

Spgr. 1.9, 4.7. 

a. Hard. 6 . 0 , or less. 

Cube ; sp gr. 3.0 and more. 

No form or cleavage ; sp gr. 2.4 or less 

b. No pearly lustre, on cleavage planes; 

sp.gr. under 3.8. 

8 . No green streak. 

Hard. 2.5, 7.0. 

Sp.gr. 3.4, 7.4. 

a. Metallic ; colour black. 

b. Nou-metallic; lustre adamantine or im¬ 

perfect metallic. 

c. Streak yellow or red ; Hard. 3.5 and 

more; sp.gr. 4.8 and more. 

d. Streak brown or black ; Hard. 5.0 and 

more ; or single cleavage. 

e. Streak yellow, red, or black; Hard. 4.5 

or less. 

f. Streak itncoloured ; Hard. 6.5 and more; 

sp.gr. 6.5 and more. 

9. Metallic. 

Colour not black. 

Hard. 0.O, 5.0. 

Sp.gr. 5.7, 20.0. 

a. Malleable ; colour grey; sp.gr. 7.4 and 

more. 

b. Malleable; Hard, above 4.0. 

10. Metallic. 

Hard. 3.0, 6.5. 

Spgr. 4.1, 7.7. 

a. Hard. 4.5 or less ; sp.gr. under 5.3. 

b. Colour yellow or red; sp.gr. 5.3 or less. 

11. Metallic. 

Colour grey, black. 

Hard. 1.0, 4.0. 

Sp.gr. 4.2, 7.6. 

a. Colour lead-grey ; single cleavage; sp.gr. 

under 5.0. 

b. Colour lead-grey ; sp gr. above 7.4. 

12. Streak green, brown, red, uncoloured. 

Hurd. 1.0, 4.0 

Sp.gr. 3.9. 8.2. 

а. Metallic; colour black. 

б . Non-metallic; lustre adamantine. 

c. Streak green; colour black. 

d. Streak brown, uncoloured ; cube ; sp.gr 

4.0, 4.2. 

e. Streak red ; Hard. 2.5 or less. 

f Streak red; sp.gr. 4.3 and more. 
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Mineralogy Class 2. continued. 

Order 13. Non-mctallic. 

Colour yellow, red, brown. 

Rhombic prism. 

Hard. 1.0, 2.5. 

3p.gr. 1.9, 3.0. 

a. Single cleavage; sp.gr. 3.4 and more. 

b. Streak yellow, red; sp.gr. above 2.1. 
Class 3. Sp.gr. under 1.8. 

а. Fluid ; bituminous odour. 

б. Solid ; tasteless. 

Order l. Hard. 0.0, 2.5. 

Sp.gr. 0.7, 1 6. 

a. Streak uncoloured, sp.gr. 1.2 and more. 

2. Streak brown, black. 

Hard. 1.0, 2.5. 

Sp. gr. I 2, 1.5. 

We recommend the reader, if he wishes to ascertain 
the real value of this arrangement, to attempt a classi¬ 
fication of the Minerals he is acquainted with by the 
characters here given, and to compare his result with the 
order in which the several Minerals are placed in the 
translation we have referred to. 

(1 ti.) The very brief descriptions given in the following 
list are all that the space allotted to this lOssav will allow, 
and we must refer the reader to Leonhard's Hand- 
burh. dvr Orycfognosir, for the results of Chemical ana¬ 
lysis ; to Many's Traitede Mincralngie, and to Phillips's 
h'./vmvn/an/ introduction, for figures and measurements 
of Crystals ; and to the " observations” in Hnitlinger's 
translation of the system of Mohs, lor much valuable 
JVInieralogical information. 

The alphabetical form we have given to our list, will 
be found convenient for reference. Although, however, 
the leading form of our list is alphabetical, it is also, with 
the exception of the compound silicates, chemically ar¬ 
ranged according to the buses, by which order the ores 
of each metal are kept together. The reader has thus 
the two chemical classifications belore hint. That 
already given from Berzelius being arranged according 
to the acids with a particular view to the theory of 
isomorphism. 

We have deemed it advisable to give single names to 
some of the species that Itelbre had only their chemical 
designation, as Calcitv to Carbonate of lime. These 
names have generally been derived from places or per¬ 
sons, having observed that significant names derived 
from some property or character or theoretical view of the 
substances to which they have been applied, have fre¬ 
quently led to the mistakes of one substance for another, 
merely because the properly from which the significant 
name was derived, happened to he common to both. 

We observe, in looking at the late editions of Beudant's 
Mineralogy and Breithaupt’s C.arakteristik, that these 
authors also have felt the advantage of denoting Mi¬ 
nerals by single names ; but they have carried their alter¬ 
ations very much further than appears to be necessary, 
mid they have too frequently followed the exceptionable 
examples before them, of employing a significant nomen¬ 
clature. 

We have deemed it sufficient to refer specially to the 
Works of Hauy, Phillips, Haidinger, and Leonhard, as 
the reader will find in these ample references to other 
authorities. But we have occasionally found it necessary 
to quote from other books. 

The abbreviations used are the following. 

Ilaiiy. Trade de Mineralogie, second edition, 1822. 


Phil. Elementary Introduction to Mineralogy by Mineraloar 
W. Phillips, 1823. J ■ ** 

Haid. Treatise on Mineralogy, by F. Mohs, trans¬ 
lated by W. Haidinger, 1824. 

Leon, llandbuch. dvr Oryctognosie, by lv. C. v. 

Leonhard, 1826. 

B.M. llritish Mineralogy, by J. Sowerby. 

N.J. Nicholson’s Journal, 9vo. 

P.M. Philosophical Magazine. 

S. J. Silliinan's Journal. 

An. Annals of Philosophy. 

An. n.s, Annals of Philosophy, New Serin. 

P.M. and An. Philosophical Magazine and Annals. 

P.M. and.I.S. Philosophical Magazine and Jour¬ 
nal of Science. 

K.P.J. Edinburgh Philosophical Journal. 

E.P.J. n.s Edinburgh Philosophical Journal, Niw 
Series. 

E.J.S. Edinburgh Journal of Science. 

E.J.S. n.s. Edinburgh Journal of Science, \cw Series. 

QJ.S. Quarterly Journal of Science. 

Lucas. Tableau des Espcves Mine rales, 1813. 

Gal. Itecueil Mineralogiquvs par le. Prince Dimitri 
de Gallizin. 

The Mincrnlngical student will find much useful 
matter in the Treatises on Mineralogy by Kirwan, .lame- 
son, Aikin, Clcavelatid, and those of later writers in 
Franco and Germany. 

We have followed Mohs in the numbers which express 
the degree of hardness (Hard.) of Minerals, his scale 
being as follows. 

1. Green talc. 6. Adtilaria. 

2. Gypsum. Rock salt. 7. Quartz. 

3. Carbonate of lime. 8. Topaz. 

4. Fluorspar. 9. Corundum. 

5. Apatite. 10. Diamond. 

But we are persuaded that this character requires to 
be much more accurately ascertained than it has hitherto 
been, and by a more strict method of comparison than 
merely passing a knife or file over the substance, and esti¬ 
mating its hardness by the degree of resistance it appears 
to oiler. 

Alphabetical List of Mineral*. 

Aciimite. Euchysiderite. No. 267. 

Haul. 3.67. Leon. 513. 

Has the form, cleavage, mul measurement of Pyrox¬ 
ene. Hard. 6.0, 6.6. Sp.gr. 3.24. Nearly opaque. 

Lustre vitreous. Colour brownish-black. Streak 
yellowish-grey. 

Found at Eger in Norway. 

Alvhina . 

Fluate of Alumina, 
a. Fluf.lutb. No. 513. 

Sowerby, Jiril. Min. 3.83. 1807. An. 8.242. Ilaid. 

3. 101. Leon. 739. 

Occurs in attached octahedral crystals. 

Primary form, a Right rhombic prism. CnvsT. fig. 

71. M,M'=105°. Transparent Colour white. 

Found at Stenna Gwyn. Cornwall. 

Hydrate of Alumina, 
a. Diahpore. No. 153. 

Hailv, 2.163. Phil. 78. Ilaid. 3.92. Leon. 228. 

Occurs in amorphous masses, with a thin columnar 
structure, the crystals crossing in every direction. 

3 n 2 
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T»Ii;u , r.ilii[*y Primary form, aecoiding to Phillips, a J)oii1jIv oblique 

prism Citv st lig 95. l’,\1 =. 108° 30'. P.T— 

101° 20'. M.T = <>4' J 54'. Sp.gr. 3.43. Slightly 
• translucent. Lustre vitreous. I olour slightly gieeu- 

Lli-grey, ami yellowish-brown. 

Locality unknown, hut supposed to have come from 
the Ihaliuu mountains. 

It. (llllltsITE. No. 152. 

l’hil. 79. Haiti. 3. 103. Leon. 71(1. 

Occurs in irregular sialaetilical ami tubereulated 
masses. Structure fibrous, radiating. Marti. 3.0, 
3 b. Sp gr. 2.4. Slightly translucent. Nearly 
dull. Colour greenish or greyish-white. Streak 
white. 

Found at Hiclunond, Massachusetts, North America. 
r . Cm. urn Astaphilv. Jnhnile. 

Mun rat Timpiin.se. No, 500. 

Ilaiiy, 4.510. Phil. 79. Maid. 3.S3. Leon. 135. 

Occtus in rciuloirii nodules and anmiphoiis masses, 
ami in thin veins. Slrneluie eompat t. Fracture 
coiichoidal. Marti, (i.0. Sp »r. 2.8, 3.2. Opaque. 
Colour skv-hlue and bluish-green Streak white. 
Found in alluvial tiny and in trap lock in lvhorasun 
in Persia. 

Mellate of Alumina. 

<i. Mri.UTK, Honey stone. No. 590. 

Ilaiiy, 4.145. Plnl. 374. Maid 3.50. Leon. 790. 
Occurs in attached and imbedded crystals, and small 
imbedded nodules or giaius. 

Primary form a Square prism. Cuvsr. fig. 05. Cleav¬ 
age very imlistinet parallel to the planes a , fig 00. 
Fracture coiichoidal. Maid. 2.0, 2 5. Sp.<; r. 

1.597. Transparent, translucent. Lustre vitreo- 
rcsinous. Colour honey-yellow, sometimes reddish 
or biownish. Streak white. 

Found attached to and imbedded in bituminous wood, 
principally at Artern in Thuringia. 

Native Alumina, 

a. C'oituNoil vi. 

The blue transparent varieties are the Sapphire; the 
led, oriental Ruby ; the purple, oriental Amethyst; 
the yellow, oriental Topaz,; the opaque, adamantine 
spar; the granular, Kmerv. No. 145. 

Miniv.2. 70. Phil. 71. Maid! 2. 199. Leon. 535. 538. 
Occurs in imbedded crystals and massive. 

Piimary form a Rhomboid. Clivsr. fig. 10(i. P,P'=; 
80°4'. Cleavage paiallel to P, and perpendicular 
to the avis. Fracture uneven. Marti. 9 0. Sp.gr. 
3.91, 3.98. Transparent, translucent, opaque. Lus¬ 
tre vitreous. Colour white, grey, blue, green, yel¬ 
low, red, brown. Streak white. 

Massive varieties , amorphous. Structure perfectly 
crystalline, or granular and compact with a splintery 
fracture. 

Found in India, China, North America, in Europe 
chiefly at St. Gotliard and in Piedmont. 

Alumina, with silica and carbon, 
a. Rotten Stone. No. 146. 

Phil. 50. 

Occurs massive. Fracture uneven. Soft, fine earthy, 
soils the fingers. Opaque. Dull. Colour greyish, 
reddish, ami blackish-brown. Fctiil when rubbed 
or scraped. 

Found near Rakcwcll in Derbyshire, and at Albany 
near New York. 

Phosphate, of Alumina, 
a. Wav elute. Lasionitv. No. 497 


Many, *2.161. Phil. 116. Maid. 3.169. Leon. 133. Miuendogji 
Occurs in globular concretions, formed of slender . 

crystals radiating from the centre of the globules, 
with imperfect terminations, producing a drusy sur¬ 
face. Primary form of the crystals n Right rhombic 
prism. Cit yst. fig*. 71. M.M'= 122° 15'. Cleav¬ 

age parallel to the lateral planes, and the greuter 
diagonal of the prism. Marti. 3.5, 4.0. Sp gr. 

2.3, 2 7. Translucent. Lustre vitreous, some¬ 
times pearly on the cleavage planes. Colour nearly 
white, grev, brown, yellow, green, of various shades. 

Found near Rnrnstaple, in Devonshire; very rarely 
near Si. Austle, Cornwall; in Ireland, Germany, 
and Brazil. 

Phospliafi of Alumina and Ammonia. 

a. Mvi'itiTciTF. No. 498. 

An. tie C'h 21.188. Leon. 783. 

A white earthy substance from the Isle of France, 
thH'ering from the preceding Phosphate in the pro¬ 
portions of its constituent pails. 

Silicate o f Alumina. 

a. KvvNin*. C'nnnite. Dt'lhene. lthectizite. No. 181. 

Maiiy, 2. 357.“ Phil. 81. Maid. 2. 213. Leon. 406. 

Occurs in columnar imbedded crystals and massive. 

Piimary lorin a Double oblique prism, P,M =93° 15'. 

P,T = 100° 50'. M',T=10<>° 15'. Cleavage parallel 
to T very di-liuct; less so parallel to M; paiallel 
to P indistinct. Fracture uneven. Maid. 5.0 on 
plane T, 7.0 on (lie edges and solid angles. Sji.gr. 

3.6, 3 675. Transparent, translucent. Lustre 
vitreous, peatIv on T. Colour w bite, bluish-grey, 
blue, pale bluish-green, yellow. Streak while. 

Massive varieties. Aggregation of crystals promis¬ 
cuously intersecting each oilier, sometimes very 
long, and occasionally so short, ami small as to ap¬ 
pear large granular. 

Found at St. (iotliard in large crystals, in Scotland, 
and many other parts of Europe, and in Noitli 
and South America. 

b. Sii.i.mvNiiF., No. 182. 

Maid. 3.153. Leon. 409 

Occurs in imbedded columnar rhombic prisms, of 
about I DO" 30'. Ilaid. 

Cleavage paiallel to the long diagonal. Fracture 
splintery. Hard. 8.0, 8.5. Sp.gr. 3.41. Nearly 
opaque. Lustre on the cleavage plane nearly ada¬ 
mantine. Colour dark brownish-grey. 

Found at Say brook, Connecticut, North America. 

It approaches very nearly to Kyanitc in its form 
ami composition. 

c. BtJcnoi.ziTE, No 183, 

Phil. 1()9. Leon. 4o9. 

A fibrous substance from the Tyrol analyzed by 
Rraudes. It is described as amorphous. Cioss 
fracture imperfectly coiichoidal. Hard, about 6 0. 

Slightly translucent. Lustre resinous. Chlour 
yellowish and greyish-white. 

One or two other fibrous Minerals apparently different 
from this have passed under this name. The com¬ 
position of the substance analyzed by Braudes is 
nearly the same-us that of Kyanitc, and it may have 
been a fibrous variely of that Mineral. 

d . Fibrolite, No. 184. 

Phil. 80. Maid. 399. Leon. 

Occurs in stnnll fibrous masses. Hard. 7.5. Sp.gr. 

3.214. Translucent, colour greyish-white. 

Fouud in India and China accompanying Corundum. 
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Fibrous varieties of E pi dote, Kyauite, and other 
substances have passed tinder this name, ami the 
composition of Bottrnnn's Fibrolite is very nearly 
the same as that of Kyauite. 

Anoauisitk, No. 185. 

Hauy,4.486. Phil. 108. Haid. 2.293. Leon. 404. 

Primary form a Right rhombic prism. M,M'=90° 
40', measured on a transparent variety from North 
America. Cleavage parallel MM'. Fracture un¬ 
even, couchoidal. Hard. 7.5. Sp.gr. 3.104. Trans¬ 
parent to opaque. Lustre vitreous. Colour Ik-sh¬ 
red to brownish and greyish-red. 

Found generally in miea slate in Spain, France, and 
other parts of Europe, and lately in North America, 
in partially transparent crystals imbedded in quartz. 


Hydrous silicates of alumina. A very uncertain series, 

several of which are, probably, only accidental mix- 

lures in. variable and indefinite proportions. 

a . Phoi.aiuth, No. 187. 

K J S. 6.304. Leon. 707. 

Occurs in small, convex, nacreous scales. 

Suit, friable. Colour while. Adheres to the tongue. 

Found in the coal thnnations of Fins, Department 
Allier, France. 

b. Ai.i.oi-iiank, No. 188. 

Plnl. 88. Haiti. 3.69. Leon. 183. 

Occurs in globular, retiilorm, and botryoidal masses. 
No cleavage. Fracture couchoidal. Hard, nearly 
3.0. Sp gr. 1.85. Transparent, translucent. Lus¬ 
tre vitieotis. Colour blue, green, biown, of several 
shades. 

Found in limestone in Thuringia, at Schneeberg in 
Saxony, and probably in Derbyshire. 

Some specimens, received in this Country under the 
name of Allopliaue, may be cleaved paiallel to the 
planes of a rectangular solid, and are probably an¬ 
other Mineral. 

c. Lenzinite. Wallerite., No. 189. 

Phil. 87. Leon. 179. 

Occurs in compact and earthy masses of various sizes. 

Compact. Fracture couchoidal. Hard. 1.5. Sjt.gr. 
2.10. Transparent on the edges. Neatly dull. 
Colour yellowish milk-white. Streak shining. Feels 
rather greasy. In water it separates with noise 
into small fragments. 

I'.arthy. Fracture earthy. Soil. Sjtgr. 1.60. Slightly 
translucent, opaque. Dull. Colour snow-white. 
Streak shining. 

Found at Kali in Eileld. 

d. Halloysite, No. 190. 

E.J.S. 6. 183. 

Occurs in nodular masses. Structure compact. Frac¬ 
ture couchoidal. Neatly opaque. Lustre waxy. 
Colour bluish and greyish-white. Streak shining. 
Adheres to the tongue. 

Found in the neighbourhood of Liege and Namur. 

The analysis of this substance corresponds so nearly 
with that of Lenzinite as to leave little doubt of its 
being the same Mineral, but of a different colour. 

c. Skveiute, No. 191. 

Phil. 87. 

Occurs in small masses, nearly resembling Litho- 
niarge. Fracture uneven. Hard. 1.0,15. Slightly 
translucent. Dull. Colour white. Streak shining. 

Found near St, Sever in France. 

f Fuller's Earth, No. 192. 


Phil. 52. Haid. 3.18-2. 

Occurs massive in beds of considerable thickness. 
Fracture uneven, earthy. Soft. Sp.gr. I.s, of 
Opaque. Dull. Colour greenish-brown, dud grey- 
white. Streak shining. Feels n-rcusy. 

Found ill England, principally at Nuffield in Surrey, 
and in Stiria, Saxony, and some other places in 
Europe. 

g. Cl vtot.iTE, No. 193. 

Phil. 54. Leon. 729. 

Occurs in amorphous earthy masses, structure rather 

slatv. Fracture uneven, earthy. Soil. Sp gr. 2 . 0 . 
Opaque. Colour greyish-white. 

Found in the Island of Chimin, near Argentcria. 
Used for the same purposes to which Fuller’s caitli is 
applied. 

h. An al,matolite. Bilddein. Lardite. 1‘agodite. 

No. 191. 

Phil. 119. Haid. 3.1(10. Leon. 188. 

Occurs massive. Fracture coarse, splintery. Soft. 
Sp-gr. 2.8. Slightly translucent. Colour white to 
brown, rather pale and dull. Streak sinning. Unc¬ 
tuous to the touch. 

Found in China, Transylvania, Saxony, and in Wales. 
Cut into various figures by the Chine-e, mid seldom 
brought to this Country in any other state. 

i. Litiiom Alton. Klein mark. No. 195. 

Ilufiy, 4.55S. Phil. 52. Haid. 3.183. Leon. ISO. 
Occurs massive. Sjilieroidal. Structure compact. 
Fracture large, couchoidal. Soft. Sp.gr. 2.2. 2.5. 
0|>iique. Dull. Colour while, grey, red, vellnw, 
blue. Streak shining. Adheres to the tongue. 
Unctuous to the loticli. 

Found in Saxony, and some other parts of Europe. 

A friable variety is found at Khicnl'nidendorf in 
Saxony. 

k Bole, No. 196. 

Phil. 53. Haid. 3.179. Leon. 191. 

Occurs massive. Structure compact. Fracture con- 
choidal. Soft. Sp gr. 1.1, 2.0. Nearly opaque. 
Nearly dull. Colour blownish black, red, yellow. 
Streak shining. Feels greasy. Adheres to th- 
tongue. 

Found in many places in trap rocks. 

Several very different substances appear to have pas-cd 
under this name, and it i.s doubtful if any one ol 
them is correctly represented by (lie preceding de- 
scription. yet we give it upon the aulhorites qu, 

l. Mountain soap. No. 197. 

Phil. 53. Haid. 3.184. Leon. 192. 

Occurs massive. Stiuetnrc compact. Fracture fine 
earthy. Sectile. Opaque. Dull. Colour light 
brownish-black. Streak shitting. 

Found at Olktter in Poland. 

m. Lemma* pviitu. Terra sigillata, No. 198, 

Phil. 54. Leon. 191. 

Occurs massive in the Isle of Lemnos. Fracture 
earthy. Soft. Opaque. Dull. Colour dull yellow¬ 
ish-grey and greyish-white. 

An uncertain species, 
it. Kollyrite, No. 199. 

Phil. 88. Leon. 752, 

Occurs massive, appearing like a tenacious white clay. 
When dry it splits into columnar masses like 
starch. 

Found at W r eissenfcls in Thuringia. 

The siliciferotts Hydrate of Alumina, (bund in the 
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b. Alum-stone. Tolfuilc, No 563. Mineralogy 

Hauy, 2.128. Plii'l. 196. Uuid. 2.67. Leon. 131. v—' 

Occurs in attached crystals and massive. 

Primary f'omi a Rhomboid. Cryst. fig. 106. P,l w 
— 92° 50'. Cleavage parallel to the primary 
planes, and more distinctly perpendicular to the axis. 

Fracture uneven. Hard. 5.0. Sp.gr. 2.7. Trans¬ 
parent, translucent. Lustre vitreous. Colour pale 
greyish and reddish-white. Streuk white. 

Massive varieties, amorphous, structure granular, 
compact. 

Found at Toll's, near Rome, in Tuscany, Naples, 

Hungary, and occasionally in the neighbourhood 
of active volcanoes. 


Pyrenees aiul analyzed by Berthier, probably be¬ 
longs to this species. 

o. ScAHURoire, No. 203. 

P.M. and An. 5. 178. 

Occurs as veins in the beds of sandstone covering 
the calcareous rock at Scarborough. 

Fracture couchoidal. Hard, about 2.0. Sp.gr. about 
1. IS. Opaque. Dull. Colour white. Streak shining. 
Adheres to the tongue. Strong earthy smell when 
In eat lied upon. Does not. become translucent, nor 
fall to pieces in waier. 

p. Kaolin. Porcelain Clay, No. 201. 

Phil. 51. Leon. 185. 

Occurs massive and disseminated In decomposed gra¬ 
nite rocks. Fracture line earthy. Soft. Sp.gr. 2 2. 
Opaque. Dull. Colour yellowish and reddish-white. 

Funud in France, near Limoges mid near Bayonne, 
and hi Sum ii\, Kngluud, China, and other places. 

q. Ci.av, No. 202. 

Phil. 53.5t>. llaid 3. 180. 

Occiiis massive. Strueturecurthy. Fracture uneven. 
Soli. Sp.gr. 1.8. 2.8. Opaque. Dull. Colour 
while, grey, brown, red, yellow, &c„ of various 
shades ami striped, spoiled, &c. Streak shining. 

Found in all parts of the world. 

The f'laystones and Slates usually introduced into 
Catalogues of Minerals, appear too variable in their 
composition to admit of any distinct classification, 
and belong more properly to the geological series 
of rocks. 

Siliriferous Sulphate of Alumina. 

a. Oi 0HAM1T -, No. 562. 

Nil. 1 1.131. 

Massive, and of the consistency of hog’s-lard. Trans¬ 
lucent. Colour, snow ami milk-white. Taste, sub- 
acid. When exposed to the air, it dries and splits 
into lung thin masses like starch, some of which are 
translucent and resemble gum nrahic. 

Found ill a coal mine near Oldham iu Lancashire. 

Sulphate of Ala m ino. 

a. Websteiute. Hallite, No. 557. 

Phil. 145. Haul. 3.70. Leon. 130. 

Occurs in roundish or reniform masses, generally small. 
Fractuie earthy. Soli, friable. Sp.gr. 1.7. Occa¬ 
sionally translucent, generally opaque. Colour 

white, sometimes yellowish. Streak white. 

Found at Halle, iu Prussia, in clay, and ut New- 
havcti, Sussex, in limestone. 

b . Davite, No. 558. 

Q J. n s. 3.3S2. Leon. 433. 

Occurs massive. Structure fine fibrous. Lustre 

silky. Colour white. Taste highly astringent. 
Very soluble. 

Found near a warm spring which contains sulphuric 
acid, near Bogota, in Columbia. 

Sulphate of Alumina and Potash. 

a . Alum, No. 559. 

lluiiy, 2.114. Phil. 196. Haul. 2.50. Leon. 107. 

Occurs as an efflorescence, and sometimes in stalac¬ 
tites and fibrous masses. 

Primary form a Cube. Ciivst. tig. 56. Cleavage 
parallel to the planes of the regular octahedron, 
indistinct. Fracture canchoidal. Hard. 2.0, 2.5. 
Sp.gr. 1.75. Transparent, translucent. Lustre 
vitreous. Colour yellowish or greyish-white. Streak 
white. Taste astringent, sweetish. 

Found in many parts of Europe. 


Amblvuonite, No. 501. 

Phil. 198. Iluid. 3.70. Leon. 283. 

Occurs massive. 

Cleavage parallel to the lateral planes of a rhombic 
prism of about 105" 45', and indistinctly oblique 
to its axis. Fracture uneven. Hard. 6.0. Sp.gr. 
3.04. Translucent. Lustre vitreous, inclining to 
pearly. Colour greenish-white. Streak white. 

Found near Chnrsdorf in Saxony, in Granite, accom¬ 
panying Tourmaline and Topaz. 

Ammonia. 

Muriate, of Ammonia, 
a . Sai, Ammoniac, No. 60 . 

Hauy, 2.221. Phil. 194. Maid. 2.39. Leon. 587. 

Primary lorm a Cube. Chykt. fig. 56. Cleavage pa¬ 
rallel to the planes of the octahedron. Fracture 
conchoidal. Hard. 1.5, 2. Sp.gr. 1.528. Trans¬ 
parent to opaque. Colour white, grey, greenish, 
yellowish, and brownish. Lustre vitreous. Taste 
saline and pungent. 

Massive varieties, stalactitic, botryoidal and reniform, 
with a fibrous structure, ami occasionally in crusts. 

Found iu the neighbourhood of active volcanoes, and 
occasionally in other situations. It sometimes oc¬ 
curs in the beds of cool near Newcastle. 

Sulphate, of Ammonia, 
a. Mascaonin, No. 523. 

Phil. 194. Iluid. 3.125. Leon. 127. 

Stalactitic and efflorescent. Semitransparent to opaque. 
Colour yellow and yellowish-grey. Taste acrid, 
bitter. 

Found iu the neighbourhood of volcanoes. 

Ampiuboi.e, consisting of the following varieties:— 

Common Hornblende , colour dark green or greenish- 
black. 

Basaltic Hornblende. 

Foliated A ngite of Werner. 

Blue Hyperstene of Giesecke. 

Green Dial I age of Hauy; Smaragdite. 

Pargasitr. in short green crystals. 

Acl.ynohtr; the crystals green, slender, and sometimes 
radiating. 

Trcmolite; Calami! r ; Gramma tile; colourless or 
green, or pink, or brownish-grey, generally im¬ 
bedded in dolomite, frequently fibrous, and some¬ 
times radiating 

Amiunthoide; llyssolile. 

Amianthus. Asbestos. No. 275 to 278, 

Hauy, 2.372. 454. 481. Phil. 63. 71. Haid. 2.271. 
Leon. 493. 
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Primary form an Oblique rhombic prism. P,M =s 
103° 13' M>M' = 124° 30'. Cleavage parallel to 
MM', and less distinctly to the planes of modifica¬ 
tion A and k. Fracture uneven. Hard. 5.0. 6.0. 
Sp.gr. 2.93 to 3.2, or according to Phil. 3.6. Trans¬ 
parent to opaque. Lustre vitreous, sometimes 
pearly. Colour white to black. Sireak greyish. 

Massive varieties differ considerably in structure; 
from slaty to columnar and fibrous; the fibres 
sometimes, as in amianthus, being silky and 
flexible. 

Fouud in all ports of the world, and in various geo¬ 
logical positions. 

Ampelitg. Black Chalk, No. 203. 

Phil. 55. Haid. 3.181. 

Occurs massive. Structure fine granular, slaty. Frac¬ 
ture fine earthy Soft. Sp.gr. 2.11,2.18. Opaque. 
Dull. Colour black. Streak rather shining. 

Found in several parts of Kurope in rocks of clay- 
slute. 

Analcime. Cubicile, No. 210. 

JIaiiy, 3.170. Phil. 129. Haul. 2.227. Leon. 202. 

Occurs in attached and imbedded crystals. Primary 
form a Cube. C’rvst. fig. 56. Cleavage parallel 
to P indistinct, interrupted. Fracture uneven. 
Hard. 5.5. Sp.gr. 2.068. Transparent to trans¬ 
lucent. Lustre vitreous. Colour white, sometimes 
greyish and reddish. Streak white. 

Found in several parts of Scotland, and in many 
dillereut places in other Countries, chiefly in ba¬ 
saltic and amygdalqidal rocks. 

Anoutiiite, No. 228. 

Haul. 3.71. Leon. 432. 

Occurs in attached crystals. 

Piimary form a Doubly oblique prism, Cryst. fig. 
95. P.M =94°; P,T= 110° 50'; M,T= 117° 42'. 
Cleavage parallel to P and T. Fracmre conchoidal. 
Hard. 6. Sp.gr. 2.76. Transparent to translu¬ 
cent. Lustre vitreous, and on P ami T rather 
pearly. Colour white. Streak white. 

Found in cavities in masses of Limestone, ejected 
from Vesuvius. 

Antiiophvllitb, No. 304. 

Hauy, 2.600. Phil. 69. Haid. 2.211. Leon. 514. 


43:2. 


Occurs in crystalline masses, with a fibrous colum¬ 
nar structure. 

Cleavage parallel to the lateral planes of a Rhombic 
prism of 125°, and to both its diagonals, the bright 
plane being parallel to the greater diagonal, and 
another impelled cleavage transverse, and appa¬ 
rently perpendicular to the axis of the prism. 

Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.2, 3.3. 
Translucent. Lustre pearly, and inclining to Me¬ 
tallic. Colour yellowish-brown. Streak white. 

Found in beds of mica slate at Kongsberg and 
Moduin in Norway. 


AmiMOXY. 

Arseniuret of Antimony ? 
a. Arsenical Antimony, No. 38. 

Leon. 719. 

Occurs in botryoidal forms. Structure scaly. Frac¬ 
ture granular. Sp.gr. 6.2. Opaque. Dull. Co¬ 
lour tin-white. 

Found at Przibrain in Bohemia. 


Native Antimony. Mineralogy 

Native Antimony, No. 25. 

Haiiy, 4.79. Phil. 329. Haid. 2.426. Leon. 684. 

Occurs in reniform or amorphous masses, with a gra¬ 
nular structure, the grains being crystalline and 
differing considerably in size. 

Primary form a Rhomboid. Cryst. fig. 106. P.P'rr 
117° 15', as inferred from cleavage, no regular 
crystals having yet been observed. Hurd. 3.0, 3.5. 

Sp.gr. 6.646. Opaque. Lustre metallic. Colour 
tin-white. Streak the same. 

Found in veins traversing ancient rocks, at Sahl- 
berg in Sweden, at Allcmont in Duuphiny, mid at 
Andreasberg in the Hartz. 

The arsenilerous native antimony appears to be nu 
accidental mixture of arsenic with native antimony. 

Oxide of Antimony, 
a. White Antimony. No. 409. 

Hafir, 4 308. Phil. 331. Haid. 2.251. Leon. 335. 

Occurs in attached crystals and massive. 

Primary liirm a Right rhombic prism. Cryst. fig. 

71. M,M'=136 d 58'. Cleavage parallel to M,M'. 

Lustre adamantine. Fracture indistinct. Hard. 

2.5, 3.0. Sp.gr. 5.566. Translucent. Colour 
white, sometimes reddish or greyish. Streak white. 

Massive variety , earthy, investing sulplniret and native 
antimony, and apparently produced by the decom¬ 
position of those Minerals. 

Found iu Rohemia, Saxony, Hungary,and France. 

Sutphuret of A alimony. 

a . Grey An i imony, No. 93. 

Haiiy, l.’iOI. Phil. 329. Haid. 3. 23. Leon. 605. 

Occurs hi attached and aggregated crystals and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M.M' = 90° 45'. The crystals sometimes 
Capillary and llexible, like silky fibres. Cleavage 
parallel to diagonal of the prism. Fracture un¬ 
even. Hard. 2.0. Sp.gr. 4.62. Opaque. Lustre 
metallic. Colour between lend and steel-grey, fre¬ 
quently with a yellow and blue tarnish. Streak the 
same. 

Massive varieties, amorphous, structure large fibrous, 
foliated, compact. 

Found in Hungary, France, F.ngland, Scotland, the 
Hartz, Saxony, ami other places. 

b. Black Antimony '. No. 94. 

Leon. 7 19. 

Occurs as a black powder in cavities in Hornstone. 

Found at Joacliiinsthal iu Bohemia. 

Sulphvret of Antimony and Nickel, 
a . IIartmannite, No. 96. 

Haid. 3.131. Leon. 615. 

Occurs in imbedded crystalline particles and masses. 

Primary form, according to Huidiiigcr, a Cube. Cnvsr. 
fig. 56. Cleavage parallel to P. Fracture uneven, 
llard. 5.0, 5.5. Sp.gr. 6.451. Opaque. Lustre 
metallic. Colour whitish steel-grey. Streak the 
same. 

Massive variety, amorphous. Structure granular. 

Found in the Principality of Nassau. 

Sutphuret of Antimony, Lead, and Iron, 
a. Jamesonite, No. 101. 

Haid. 3.26. Leon. 748. 

Occurs iu attached crystals and massive. 

Primary form a l-ight rhombic prism. Cnvsr. fig. 

71. ALM' = 101° 20' nearly. Haid. Cleavage 
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Mineralogy parallel toPdistincl, less so parallel to M. Fracture 
very imlistinct. Hard. 2.0, 2.5. Sp.gr. 5.561. 
Opaque. Lustre metallic. Colour steel-grey, some¬ 
times* dark. Streak the same. 

Massive variety, amorphous. Structure large to small 
ti brous. 

Found in Cornwall and in Hungary, and probably 
in other places, where it has been considered a 
sulphurct of antimony. 

Sulptniret of Antimony and Lead, 

<I. ZlNKKNlTK, No. 99. 

F..J.S. G.17, Sort. 

Occurs in attached crystals, said to be regular hexa¬ 
gonal prisms, and massive. 

Piimary form a Rhomboid. Citvsr. fig. 100. P,l v 
uncertain. No cleavage. Fracture uneven. Hard. 
3.0, 3.5. Sp gr. 5.303. Opaque. Lustre me¬ 
tallic, bright. Colour steel-grey- Streak the same. 

Found at Vi'nllslierg in the Hart/. 

Sutphuret of Antimony and Iron, 
n. Bkiiiiiikri re, No. J02. 

K..1.S. 7 353. 

Occurs in confused laminated masses, or elongated 
imbedded prisms, resembling grey antimony. Co¬ 
lour dark steel grey inclining to brown. 

Found at Chuzclles in Auvergne. 

Oti sulph met of Antimony. 
a. Red Antimony. No. 410. 

Haiiy, 4.311. Phil. 331. Haul. 3.36. Leon. 608. 

Occurs in thin, macular crystals, generally radiating, 
sometimes promiscuously aggregated. 

Primary tiirm, according to Phillips, a Square prism, 
and according to Haidiugcr an oblique rhombic 
pi ism. One bright cleavage, and others less dis¬ 
tinct. Hard. 1.0, 1.5. Sp.gr. 4.5. Translucent. 
Lustre adamantine. Colour dull red. 

Found at llraunsdorll' in Saxony, in Hungary, 
France, and in the llartz. 

Avi.omr, No 296. 

Haiiy, 2 538. Phil. 29. Haiti. 2.364. Leon. 491. 

Occurs iu attached and imbedded dodecahedral crys¬ 
tals. 

Primary form a Cube. Cryst. fig. 56. Surfaces of 
the Dodecahedron striated parallel to the edges of 
P. Cleavage imperfect parallel to P. Fracture 
uneven. Haul. 7.0, 7.5. Sp.gr. 3.444. Trans¬ 
lucent. opaque. Lustre vilreo-rcsinous. Colour 
yellowish-brown. 

Found in Saxony, Bohemia, Siberia, and in small 
crystals in England. 

Apoj'iivu.itk. Alltin. Ichlhyopthalmilc. Teuelite. 

Oxahverile , No. 204. 

Hafiv. 3.191. Phil. 110. Haiti. 2 245. Leon. 213. 

Occurs in attached crystals and massive. 

Primary form a Square prism. Cryst. fig. 65. 
M,« = 109° 40'. Cleavage parallel to P, perfect; 
less so parallel to M. Fracture uneven. Hard. 
4.5, 5.0. Sp.gr. 2.46. Transparent, translucent. 
Lustre vitreous. Colour white, occasionally with a 
yellowish, greenish, or reddish tinge. Streak while. 

Massive, variety, amorphous, structure laminar. 

Found in the cavities of trap rocks, and occasion¬ 
ally in beds of the older formations, in the Fa¬ 
roe Islands, in India, Sweden, Norway, the Bro- 
mart, Bohemia, and some other places. The Oxah¬ 
verile from Oxahver in Iceland. 


Arfwedsonite, No. 279. Mineralogy 

Phil. 377. Haiti. 3. 73. Leon. 497. ' 

Occurs massive amorphous. No crystalline form ob¬ 
served. 

Cleavage parallel to the lateral planes, and both the 
diagonals of a Rhombic prism of 123° 55'. Frac¬ 
ture uneven. Hard. 5.0, 5.5. Sp.gr. 3.44. Opaque. 

Lustre vitreous. Colour black. 

Found in Norway, and in Greenland associated 
with Sudulilc. 

Arsenic. 

Native Arsenic, 
a. Native Aiisenic, No. 27. 

llafiy, 4.236. Phil. 275. Haul. 2.423. Leon. 676 

Occurs in reniform stalactilic and amorphous masses, 
frequently iu parallel layers. Structure fine gra¬ 
nular. Fracture uneven. Hard. 3.5. Sp gr. 

5.766. Opaque. Colour of fresh fracture greyish- 
tin-w bite, which afterwards becomes greyish-black. 

Streak shining. 

Found in several parts of Saxony, in Bohemia, the 
llartz, France, Norway, Transylvania, and other 
plaees ; generally iu metallic veins. 

Oxide of Arsen ie. 
a. Oxide op Arsenic, No. 465. 

Haiiy, 4.241. Phil. 375. Haul. 2.26. Leon. 333. 170. 

Occins in attached octahedral crystals and massive. 

Primary form a Cube. Citvsr. fig. 56. Cleavage 
parallel to the planes of the octahedron. Frac¬ 
ture eonchoiilal. Sp.gr. 3.7. Translucent, 
opaque. Lustre nearly adamantine. Colour white, 
occasionally yellowish. Streak white. Taste sweet¬ 
ish astringent. 

Massive varieties, reniform, botryoidul, slalactitic, and 
amorphous. 

Found accompanying native arsenic in many mineral 
veins, and produced from the decomposition of other 
Minerals. Is soluble iu water and a violent poison. 

Red Sulpha ret of Arsenic, 
a. Re ai.ua it, No. 108. 

Haiiy, 4 247. Phil. 277. Haul. 3.49. Leon. 602. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P.M ^ 101° 6', M,M ’= 74° 15'. Cleav¬ 
age parallel to P and M. Fracture conclioidal. 

Hard. 1.5, 2.0. Sp.gr. 3.556. Transparent, opaque. 

Lustre resinous. Colour red. Streak orange- 
yellow. 

Massive varieties, amorphous, structure granular. 

Found principally iu Hungary and Transylvania, 
also in Saxony, Bohemia, and some other places. 

Yellow Sulphurct of Arsenic, 
a. Ohpiment, No. 109. 

llafiy. 4.247. Phil. 277. Haul. 3.47. Leon* 599. 

Occurs in imbedded imperfect crystals and mavive. 

Primary form a Right rhombic prism. Cryst. fig 
71. M,M' =. 100°. Cleavage parallel to the 
greater diagonal of the prism. Fracture uncer¬ 
tain. Hard. 1.5, 2.0. Sp.gr. 3.480. Translucent. 

Lustre resinous. Colour yellow. Streak paler 
yellow. 

Massive varieties, bolryoidal, reniform, nodular, some¬ 
times grauulur, the structure of the grains or 
masses foliated, and the latnius very flexible 

Found in most of the districts which yield the red 
sulphurct, and is like that used as a pigment. 
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Mineralogy AurALITB, No. 330. 

—' Occurs in apparently hexagonal prisms in felspar at 

Abo in Finland. Opaque. Colour dark brown. 

Axinite. Thumite. Yanoli/e, No 430. 

Hafly, 2.559. Phil. 43. Ilniil. 2.341. Leon. 454. 

Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Doubly oblique prism. Cuvst. fig. 
95. P,M —134° 40'. P,T=1K»°17'. M,T = 
135° 10'. Fracture unev. n. Hard. 6.5, 7.0. 
Sp.gr. 3.27. Transp .rent, translucent. Lustre 
vitreous. Colour bluish, greyish, reddish-brown, 
of several shades. Streak, white. 

Massive varieties, amorphous, structure lamellar, gra¬ 
nular. 

Found in Datipliiny, and at Botalluck in Cornwall, 
and in other places. 

Azotic Gas, No. 44. 

Is said to be contained in the Hath hot springs, and 

. 'to rise with the vapour from the public hath. 

Azitrite. Klapmthitc. Tyro/ile. Vomutite, No. 499. 

' Hafly, 3.54. Phil. 94. Haul. 2.290. Leon. I3G. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cuvst. fig. 71. 
M,M' == 121°30'. Cleavage indistinct. Fiaelurc 
uneven. Hard. 5.0, 5.5. Sp gr. 3.056. Trans¬ 
lucent, opaque. Lustre vitreous. Colour blue 
Streak while. 

Massive varieties, amorphous, structure granular. 

Found in Salzburg, and in rolled crystalline masses 
in Brazil. 

A at eiio ns. i .it k. No. 331. 

A Mineral found in Finland, having the form, cleav¬ 
age, and colour of Latrobite. 

Il-vniNUTOMru, No. 332. 

II lid. 3.75. Leon. 721. 

Occurs in attached crystals. 

Primary form a Doubly oblique prism. Cuvsr. fig. 
95. J’,M =92° 31'. P,T = Sb 0 . M,T =s 112° 30'. 
Cleavage parallel to P and T. Fracture uneven. 
Hard. 5.5, 6.0, Faintly trnnslnceut. Lustre vitre¬ 
ous. Colour black, sometimes greenish. 

Found at Arcndal in Norway, associated with Cleave* 
lundite. 

V.4RYTL.S. 

Carbonate, of liary/es. 

a. Wrrnr.airis. llarohte. No, 438. 

llaiiy, 2.25. Phil. 182. Ilaid. 2.119. Leon. 330. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cuvst. fig. 
71. M,M' = 118° 30'. Fracture uneven. Hard. 
3.0, 3.5. Sp.gr. 4.3. Transparent, translucent. 
Lustre vitreo-resinous. Colour white, sometimes 
greyish or yellowish. Streak white. 

Mass ire varieties, globular, botryoidnl, reniform. 
Structure large, fibrous, sometimes granular. 

Found principally in England, in Shropshire, Lan¬ 
cashire, Durham, and Westmoreland, and occa¬ 
sionally in small quantities in Siberia, Hungary, 
uml other places. 

Carbonate of Lime and Barytes. 

a. R vjiyto cai.citk, No. 443. 

Ilaid. 3.76. Leon. 327. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P.M := 102° 51'. M,M' = 106° 54'. 

VOL. VI. 


Cleavage parallel to P and M, distinct. Fracture Mineralogy 
uneven. Hard. 4 0. Sp.gr. 3.66. Tiansparenf, w" 

translucent. Lustre viueo-resinous. Colour white, 
sometimes yellowish or greenish. Slieak while. 

Massive varieties, amorphous. Structure giamd u. 

Found at Alston Moor, Ciimbevl.ind. 

Sulphate of Barytes. 

a. Barosei.unite. Bitogniun Spur. Caul:. No. 527. 

llaflv, 2.5. Phil. J83. Haul. 2.121. Leon. 255. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cuvst. fig. 71. 

M,M'= lOl°42'. Cleavage pniallel to P and M. 

Fracture conchoidal. Hard. 3 0, 3.5. Sp gr. 4 416, 

4.7. Transparent, translun lit. Lustre silicons. 

Colour wliite, blue, yellow, brown. Streak while. 

Massive varieties, occasionally globular, reniform, 
amorphous. Struetiirc fibrous, granular, compact. 

Found in several localities in most Countries, and in 
different geological positions. 

Sulphate of Baiyhs and Finale of Lime. 

a. Baryto-fluoiutk, No. 528. 

An. 16.18. 

Occurs in a vein in coarse shell limestone in 1) t by- 
shire, und nearly resembles fine compact gu v lime¬ 
stone. IIaid. 4. Sp gr. 3.75. 

Bfromannite. Spreiistrin. Radio!He of Ksmarl:, No. 

333. 

Hafly, 4.484. Phil. 200. Ilaid .3.77. Leon. 471. 

Occurs massive, amorphous. Ntruclmc fibrous, some¬ 
times radiating. Hard. 7.0, 7.5. Sp.gr. 2 3 Opaque. 

Colour greyish-wliite, dull yellow, and red. Lu-tie 
peaily. 

Found near Slavern in Norway. 

Biotine, No. 331. 

The crystals of this substance appear to correspond in 
form and measurement with those of Aiiorthite, of 
which they will probably be found to be a variety. 

lhsMurn. 

Arseninret of Bismuth? 

Arsenical Bismuth, No. 34. 

Ilaid. 3.74. Leon. 720. 

Occurs in aggregations of small globular forms. 

Structure fibrous or curved lamellar. Fracture un¬ 
even. Soft. Heavy. Lu-tre resinous. Colour 
dark hair-brown. 

Found at Seliuceberg in Saxony. 

Carbonate of Bismuth. 

Aoxesite, No. 456. 

B.M. Tab. 314. Phil. 271. Leon. 787. 

Resembles steatite, but moie earthy, and harsher to 
the touch. 

Found at St. Agnes, Cornwall. 

Siliei.ms Carbonate of Bismuth. 

Bismxjth-hlf.nde, No. 457. 

E J.S. 7.342. 

Occurs in attached crystals, and in globular ami sta- 
lactitic musses. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
imperfect. Fracture conclioidul. Hard. 4.5, 5.0. 

Sp.gr. 5.9, 6 0. Translucent, opaque. Lustre 
bright resinous. Colour reddish ami yellowish- 
brown. Streak yellowish-grey. 

Found at Schneeberg in Saxony. 

Native Bismuth, No. 9. 

Haiiy, 4.202. Phil. 272. Ilaid. 2.434 Leon.693. 

3s 
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ll.iM ialosy Occurs crystallized and massive. 

Primary form a Cube. Civrs'r. fig. 56. Cleavage pa¬ 
rallel to planes of Mod. a. Fracture indistinct. 
Hard. 2.01, 2.5. Sp.gr. 9.737. Opaque. Lustre 
metallic. Colour of Iresh cleavage rcddish-silver- 
vvliite, but tarnishes on exposure to air. Streak 
unchanged. 

Massive varieties, amorphous, structure granular. 
Found in several mines in Saxony, and in most other 
mining districts of Europe. 

Oxide of Bismuth, 
a. Bismuth Ociiuk, No. 137, 

Haiiy, 4.21-1. Phil. 274. Leon. 561. 

Occurs massive, amorphous, sometimes minutely dis¬ 
seminated. Fracture earthy. .‘Soli. Sp.gr. 4.7. 
Opaque, Dull. Colour greenish or greyish-yellow. 
Found in Saxony and Bohemia. 

Si ten in nt of Bismuth and Tellurium, 
a. Basiwue, No. 46. Leon. 5b9. 

Occurs in small, imbedded, laminated masses. Sp.gr. 
7 .H Lustre metallic. Colour between steel and 
lead-grey. 

Found at B.islnacs in Sweden. 

SiiI/i/i urrt o f Bismuth, 
a. Bismuth iu.ance, No. 84. 

Ilaiij, 4 210. Phil. 273. Haul. 3.19. Leon. 616. 
Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
,\1,M' about 91°. Cleavage parallel to P, and to 
the greater diagonal of the prism. Fraclute indis¬ 
tinct. Opaque. Lustre metallic. Colour lead to 
steel-grey. Streak the same. 

Massive varieties, amorphous, structure granular or 
fibrous, the fibres promiscuously aggregated. 

Found sparingly in Saxony, Bohemia, Hungary, 
and some other places iu Europe, and in England 
in Cornwall and Cumberland. 

Sull>huret of Bismuth and Copper, 
ti. Cut'll nous RisMurn, No. 85. 

Phil. 271. Maid. 3.91. Leon. 619. 

Occurs massive. Structure small-fibrous. Fracture 
uneven. Opaque. Lustre metallic. Colour lead- 
grey to steel-grey. 

Found at Fursteuherg, iu veins accompanying otiier 
ores of bismuth, cobait, &c. 

Sutphuret of Bismuth, Lead, and Copper, 
a. Needle ouk. No. 86. 

Phil. 274. Haul. 3.130. Leon. 618. 

Occurs iu imbedded prismatic crystals, in quartz. 
Fracture uneven. Hard. 2.0, 2.5. Sp.gr. 6.125. 

Opaque. Lustre metallic. Colour dark lead-grey. 
Found near Catharinenburg in Siberia. 
Sulpho-tellurct of Bismuth, 
a. Boiinitf.. Telluret of Bismuth, No. 20. 

Occurs iu imbedded, imperfect, rhombic and hexagonal 
crystals, and small foliated masses. 

Primary form a Rhomboid. Cryst. fig. 106. The 
crystals maclcd in several directions. Cleavage 
perpendicular to the axis, very distinct Sp.gr. 7.5. 
Lustre highly metallic. Colour bright steel-grey. 
Found at Schoubkan, near Schcmuitz, Hungary. 

Boiiacic Acid. Sassolin, No. 423. 

Ilafly, 1.297. Phil. 144. Haid. 2.25. Leon. 146. 
Occurs naturally in scaly or granular crystalline ag¬ 
gregations, which are very friable. 


Translucent. Lustre pearly. Colour greyish and yel- Mineraiogy 
lowish-white. Streak white. Taste slightly acid 
and bitter, Sp.gr. 1,480. 

Found at Volcano, one of the Lipari Islands, and in 
other volcanic districts. 

Bovf.i.ite. Pseudo Sommite, No. 835. 

Phil. 126. Leon. 468. 

Occurs iu attached hexagonal prisms. 

Primary form a Rhomboid. Cryst. fig. 106. Trans¬ 
parent. Lustre vitreous. Colour white. Streak 
xvhile. 

Found at Capo di Bova, nenr Rome, and has hitherto 
been distinguished from Nepheliue only by its not 
gelatinising in acids as that Mineral does. Its 
secondary forms, if observed, have not been de¬ 
scribed. 

IJrhisi.akite, No. 568. 

Ilaid. 3.80. Leon. 723. 

Occurs in capillary brownish fibres, covering and 
filling cavities in sonic of the substances ejected 
from Vesuvius. It is said to contain a considerable 
portion of copper, but its other constituents are not 
known. 

RnEwsTKKtTE, No. 216 

Phil. 200. Haid. 3.80. Leon. 193, 723. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Cnvsr. 
fig. 83. P,M about 92°, M,M' - 136°. Cleav¬ 
age parallel to the oblique diagonal. Fracture 
uneven. Hard. 5.0, 5.5. Sp.gr. 2.2. Transpa¬ 
rent, translucent. Lustre vitreous. Colour yel¬ 
lowish and greyish-white, and occasionally colour¬ 
less. 

Found at Strontian in Scotland. 

Broxzitk. No. 286. 

llaiiy, 2.455. Phil. 25.71. Haid. 2.207. Leon. 518. 

Occurs in massive aggregations of columnar crystals. 

Cleavage parallel to the lateral plane and both diago¬ 
nals of a Rhombic prism of 93"* 30'. Fracture 
uneven. Hard. 4.0, 5.0. Sp.gr. 3.25. Trans¬ 
lucent. Lustre vitreous, pseudo-metallic on cleav¬ 
age planes. Colour greenish or greyish-brown. 

Streak lighter colour. 

Found in serpentine iu Stiria, in greensfone in the 
Ilartz, and iu other places. 

Rucki. indite, No. 336. 

An. n.s. 7.134. Haid. 3.83. Leon. 725. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. P,M = 

103° 56'. M.M'= 70“ 40'. Levy. Opaque. Co¬ 
lour dark brownish-black. 

Found near Arendalin Norway, and at Laach on the 
Rhine. 

Rustam its, No. 274. 

S. 18.392. 

Structure ldaded. Hard. 6.5. Sp.gr. 3.1, 3.3. Nearly 
opaque. Colour grey, greenish, and reddish. 

Found in Mexico. 

Cadmium. A metal found in small quantities ac¬ 
companying zinc in several of its ores, particu¬ 
larly in the fibrous blende from Przibram in Bo¬ 
hemia. 

Ciitnox. 

a. Diamond, No. 40, 

Haiiy, 4.419. Phil. 361. Ilaid. 2.306. Leon. 669. 
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Occurs in imbedded crystals in alluvial ground. 

Primary form a Cube. Cryst. fig. 56. Cleavage pa¬ 
rallel to the planes of the regular octahedron, very 
distinct. Fracture conehoidal. [lard. 10.0. Sp.gr. 
3.52. Transparent, but sometimes rendered opaque 
by foreign matter. Lustre adamantine. Colour 
while, sometimes grey, blue, green, yellow, red, 
brown, black. Streak greyish. 

Found in the East Indies and in Brazil. 

b. Coal. 

a. Nol bituminous. Anthracite, No. 41. 

IIany, 4 10. Plnl. 364. llaid. 3.64. Leon. 672. 803. 

Occurs massive, amorphous. Structure columnar, 
compact. Fracture conehoidal. Hard. 2 0,2.5. 
Sp.gr. 1.4, 1.5. Opaque. Lustre imperfect me¬ 
tallic. Colour grey to iron-black. Streak the same. 

Found in most Countries. 

b. Bituminous, No. 586. 

Haiiy, 4.159, 170. Phil. 370, 371. llaid. 3.61. Leon. 

This includes the common, the Cannct, and all the va¬ 
rieties of fossil coal. 

Occurs massive, amorphous. Structure foliated, 
granular, compact, earthy, and resembling wood. 
Fracture eonehoidul, uneven. Lustre resinous, of 
different degrees. Colour black, brown, brownish, 
and greenish-yellow. 

Found in most parts of the Woild, associated with 
vegetable organic remains. 

r. Wood Coat. Lionitb. No. 574. 

Phil. 372. 

Occurs massive. Structure fibrous, compact, resem¬ 
bling wood. Fracture of some varieties conehoidal. 
Opaque. Lustre resinous, dull. Colour brown, 
of several shades, to black. 

Found in several parts of Europe and America. 

d . Pupa (' oat . Dysomi.e. No. 575. 

N.J. 24 223. Phil. 372. 

Occurs in amorphous masses. Structure foliated, tile 
leaves thin and a little flexible. Sp.gr. 1.146. 
Opaque, but becomes tianslueent after immersion in 
water. Colour greenish and yellowish-grey. When 
burned it produces a strong and fetid bituminous 
odour. 

Found in a thin stratum between two beds of secon¬ 
dary limestone at Melilli, near Syracuse in Sicily. 

r. Bitumen. 

Huiiv, 4 452. Phil. 366 to 369. Iluid. 3.59. Leon. 
797. 799. 801. 

a. Liquid. Naphtha. No. 5S0. 

Tiansparcut. Colourless, or slightly tinged with yel¬ 
low. Odour peculiar, termed bituminous. 

Found chielly on the coast of the Caspian Sea. 

(>. Viscid. Petroleum, No. 581. 

Slightly translucent. Colour dark reddish-brown. 
Odour bituminous. 

Found in many parts of Europe and America, but 
chiefly in Asia, flowing from beds associated with 
coal strata. As much as 400,000 hogsheads is said 
to be collected annually in the Birman Empire. It 
is also abundant in Persia. 

c. F.l.aslic. Elaterite, No. 582. 

Soft, flexible. Opaque. Colour brown, sometimes 
greenish. Odour bituminous. 

Found only in the Odin mine, near Castleton, Derby¬ 
shire. 

d. Earthy. Maltha. 

Less free from extraneous matter than the preceding 


varieties, to which circumstance it probably owes its Mineralogy 
earthy character. v-—y—> 

Fracture uneven. Soft. Opaque. Colour blackish, 
brown. Odour bituminous. 

Found chiefly in Persia, and loss frequently in other 
places than the other varieties. 

e. Earthy, containing Benzoic And. Muiiindo 

Q.J. N.S. 3 387. 

Occurs massive. Fracture e:\ithy. Yields to the 
nail. Floats in water. Opaque. Dull. Colour ex¬ 
ternally blackish-brown, internally lighter. 'Pastes 
hot and peculiar. Smell pungent. 

Found at Miirinrio, Province ofClmcn, Columbia. 

f. Compact. Aspiultum. Jew’s Pitch , No. 585. 

Fracture conehoidal. Hard. 2. Sp.gr. 1.16. Opaque. 

Lustre vitreous, resinous. Colour brown to black. 

Found in Albania, on the shores of the Dead Sea, 
in considerable quantities; in the Islands ofBar- 
badoes and Trinidad, and occasionally in other 
places. 

It is supposed to have been used by the Egyptians in 
embalming the bodies of the dead, and lias been 
employed in the West Indies instead of pilch lor 
calking the bottoms of ships. 

These varieties of bitumen pass by insensible degrees 
from the transparent fluid to the opaque solid, and 
hence they are regarded as appertaining to the same 
Mineral species. 

d. Rktinasphaltiim, No. 577. 

Phil. 375. llaid. 3.146. Leon. 793. 

Occurs in amorphous lumps of dillerenl sizes, imbedded 
in wood coal. Fracture imperfect, conehoidal. Hard. 

1.5, 2.0. Sp.gr l 135. Opaque. I.nslre resinous. 

Colour pale hinvvnisli-y allow. 

Found at Bovev Tracey, Devonshire, and is also said 
to have been found at Halle and some other places 
on the Continent, accompanying earthy brown coal, 
and of different colours. 

r.. Fossil. Copal. Highgate licsin. No. 578. 

Phil. 375. 

Found in blue clay at Highgntc near Loudon, and at 
Wolchovv in Moiavin. in small nodular masses. 

Fracture conehoidal. Sp gr. 1.046. Nearly opaque. 

Lustre resinous. Colour dull brown. 

F. Amup.ii, No. 576. 

Phil. 373. Haul. 3.57. Leon. 791. 

Occurs in nodular masses, sometimes very smali. 

Fracture conehoidal. Hard. 2.0, 2.5. Sp gr. 1.08. 
Transparent to opaque. Lustre resinous. Colour 
yellowish-white, brown, red, yellow. Streak 
white. 

Found on the coasts in the Baltic, and in beds of 
wood coal in several places in Europe and oilier 
Countries. 

n. II atche *inf.. Mineral Adipocirc, No. 579. 

An. 1.136. Phil. 374. Haul. 3.106. Leon. 795. 

Occurs in thin flukes and in granular masses in cavities 
of lime or ironstone. Wry soft and light. The 
flakes translucent, with a slightly glistening and 
pearly lustre, the granular masses opaque and dull. 

Colour yellowish-white, and wax and greenish- 
yellow, without odour and not elastic. Combusti¬ 
ble. 

Found at Merthyr Tydvil in South Wales. 

B. Native Naphthaline, No. 587. 

Q.J. 4.446. 

Occurs crystalline, cleavable iu some directions, with 
3 s2 
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M.nrralegy a conchoidal fracture in others. Sp.gr. 1.0, 1.5. 

Trunsjiarent. Lustre adamantine. Colour white, 
yellow, preen, lias the appearance of Talc. 

Found in the figures of bituminous wood in the coal 
formation of Urnnch, Canton of St. flail, 
i. Sonr.niut ite, No. 5S8. 

Q .1. 5.431. 

Occurs between the fibres of fossil wood in aeicular 
crystals, and small layers. Translucent, l.ustrc 
nacreous. Colour white or yellowish white. 

Found at Urnach, Canton of Si. flail, Nwisserland, 
in a coal formation. 

Cawilinite, No. 337. 

The crystalline lot ms of this Mineral correspond very 
nearly with those of Nopheline and Davy no*; 
but its lustre is highly jjeatly instead of vitreous, 
mid it may lie cleaved with much greater facility. 
It is found at .Mount \cmi\ius. 

( 'f.reouti:, No. 338. 

The Manpiis de Dree first gave this name to a soft 
Yellowish wavy looking substance occinring in a 
greyish matrix, in small irregular nodules. Seve¬ 
ral other soft Minerals, difteung in many of their cha¬ 
racters from that of De Dree, have since passed under 
the same name, but tlieie do not appear to be any 
published descuptiens or analyses of them. 

De Dree's Mineral was found near Lisbon. 

V Kill V 31. 

a. Car ho v ate of Curium, No. 455 
E.J.S. 3.331. Leon. 726. 

Occurs in white crystalline coatings on the Ce.'itc 
of Iiastuaes, in Sweden. 

b. Fi.u vrr. of C'uiiiuM, No. 509. 

Phil. 2<>(i. Haul. 3. lot). Leon. 571. 

Is said to occur in six-sided prisms, plates, and amor¬ 
phous masses. Colour reddish. No other charac¬ 
ters given. 

Found very sparingly at Finbo, Broddbo, and Bast- 
naos, near Fahltin, in Sweden. 

e. Sun-Ft. hath of Curium, No. 510. 
rbil. tlfifi. Haul. 3 101. Leon. 243. 

Resembles porcelain jasper, but with traces of crystal¬ 
lization. Colour yellow. 

Found at Finbo in Sweden. 
d. Fi.uvni of Curium and Yttria, No. 511. 
l’lul. 267. Haul. 3.101. 

Occurs in small imbedded masses, and sometimes 
thinly investing Uadolioite. Earthy. Soft, Colour 
red, of dill'erent shades, yellow, white. 

Said, by Berzelius, to be a mechanical mixture of the 
lluates of yttria and of cerium with silica. 
Y’itro-Cebitk. Finale of Cerium, Vllriti, and Lime, 
No. 512. 

Phil. 265. Haiti. 3.172. Leon. 573. 

Occurs massive, structure granular, compact. Frac¬ 
ture uneven. Hard. 6.5. Sp.gr. 3.447. Opaque. 
Colour violet-blue, greyish-red, and greyish-white. 
Found at Finbo and Broddbo in Sweden. 

f. Silicate of Cerium. No. 171. 

E.J.S. 6.357. Leon. 227. 

Occurs in small imbedded nodules and hexagonal 
prisms, in magnesian carbonate of lime. Cleavage 
parallel to the lateral planes. Fracture uneven. 
Translucent. Colour pale yellowish-brown. 


A L O G Y. 

Found at Santa Fc de Bogota, accompanying the Mineralogy 
precious Emeralds from that locality, 

Silicate of Cerium and Iron. 

a. Cerite, No. 170. 

Hauy, 4.393. Phil. 263. ITaid. 2.394. Leon. 227. 

Occurs in amorphous imbedded masses. Structure 
fine granular. Fracture uneven. Hard. 5.5. 

Sji.gr. 4.912. Slightly translucent. Lustre resin¬ 
ous. Colour pale dull red, sometimes greyish. 

Streak white. 

Found near lliddarhittau in Sweden, imbedded ill 
or accompanying ferine. 

b. Chiuv u, No. 319. 

lTauy, 4.395. Phil. 265. Raid. 2.395. Leon. 481. 

Occurs massive, and raiely in attached imperfect 
crystals. Hard. 5.5, 6.0. Spgr. 4.173. Opaque. 

Lustre imperfect metallic. Colour brownish black. 

Streak brownish-grey. 

Found near Riddnrhittuu in Sweden. 

c. Ai.i.anitu, No. 320. 

11 aid. 3.68. Leon. 481. 

Occurs crystallized and massive. 

Primary form is said by l’hillijis to be. a Square 
prism, and by Uuidiugrr, a Doubly oblique prism, 
whence it appears that two different Minerals 
have been described under the same name. Frac¬ 
ture, according to Haidinger, imperfect con- 
choidul. Hurd. 6.0. Sp gr. 4.0. Opaque. Lustre 
imperfect metallic. Colour brownish-black. Streak 
greenish-grey. 

Found at AI Ink, East Greenland. 

The Allauite of Phillips is probably the Fcrgusonite 
of Haidinger. 

Silicate of Ceiiutn, Iron, Alumina, and Lime. 

a. Orthitk, No. 327. 

Phil. 265. llaid. 3.133. Leon. 210. 

Occurs in small, slender, columnar, imbedded masses. 

Fracture conchoidul. Hard. 6.0, 7.0. Sp.gr. 

3.288. Opaque. Lustre vitreous. Colour biovvn- 
ish-blaek. Streak brownish-grey. 

Found at Finbo in Sweden, in a granitic vein, tra¬ 
versing gneiss, and, in larger imbedded masses, in 
Finland. 

b. PviioiiTHiTE, conlainim; Carbon, No. 328. 

Phil. 265. [laid. 3.142. Leon. 773. 

Occurs in single or aggregated, slender, columnar 
masses, imbedded in granite or quartz. Frarluie 
couchoidal, uneven, earthy, llaid. 2.5. Sji.gr. 2.19. 

Opaque. Lustre resinous. Colour brownish-black, 
the same. 

Found near Fuhlun in Sweden. 

ClIAHAStK, No. 205. 

Iluiiy, 3.163. Phil. 138. llaid. 2.232. Leon. 198. 

Occurs in attached crystals. 

Primary form a Rhomboid. Chvst. fig. 106. P,P' 

—94' J 46'. Cleavage jiarnllcl to P, nearly distinct. 

Frnctuie uneven. Hard. 4.0, 4.5. Sp.gr. 2.1. 
Transparent, translucent. Lustre vitreous. Colour 
white, sometimes reddish or yellowish. Streak 
white. 

Found in the Faro Islands, in Iceland, in many parts 
of Europe, and in America. 

Ciuastoute. Crucite.. Made, No. 186. 

Hauy, 2.365. Phil. 201. llaid. 3.84. Leon. 726. 

Occurs in imbedded crystals in clay-slate. 

Primary form unknown. The crystals arc nearly 
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Mineralogy Square prisms, composed of a greyish or reddish 
■'—*v*■*' substance, enclosing a central black prism, and oc¬ 

casionally four others within its lateral edges, con¬ 
nected with the central 011c by four black thin plutcs. 

Cleavage parallel to the lateral planes. Fracture 
splintery. Hard. 5.0, 5.5. Sp.gr. 2.944. Trans¬ 
lucent, opaque. Lustre vitreo-rcsinous. Colour 
greyish and yellowish, or reddish-white. Streak 
white. 

Found in many parts of Europe and America. 

Ciiii.drrnitr, No. 502. 

Q.J.S. 16.274. Haul. 3 85. Leon. 137. 728. 

Occurs in minute attached crystals. 

Primary form a Right rhombic prism. M,M=92° 48'. 
Fracture uneven. Hard. 4.5, 5.0. Transparent, 
translucent. Lustre vitreous. Colour yellow. 
Streak white. 

Found in the neighbourhood of Tavistock in Devon¬ 
shire, and at Crinnis in Cornwall. 

ClII.OROIMIAIUlK, No. 173. 

Macculluch, Western Isles, 1.504. Phil. 202. fluid. 
3.86. Leon. 729. 

Oecurs in small masses imbedded in basalt. Frac¬ 
ture ennehoidn). May he scratched by a quill. Sp.gr. 
2.02. Transparent, opaque. Lustre vitreous. Colour 
green when first broken, but afterwards becomes 
black. 

Found in the Isle of Rum, in Fifeshire.and in Iceland. 

OXMIR OF ClIHOMK, No. 419. 

Phil. 271. Leon. 557. 

Occurs in compactor pulverulent masses, coating or 
tilling cavities in the chromate of iron at Unst, 
one of the Shetland Isles. Structure of the com¬ 
pact approaches to crystalline. Translucent. Lustre 
resinous. Colour grass-green and pale-yellow. 

It is also found colouring granular quartz at Ecou- 
clietz in Burgundy. 

CiiavsonF.RVi,. Cymophane , No. 324. 

Ilaiiy, 2.303. Phil. 89. Haul. 2.304. J.eon. 53!). 

Occurs in loose crystals in alluvial deposits in Brazil, 
and in imbedded crystals at Haddam and Saratoga, 
North America. 

Primary form a Right rhombic prism. M,M'=120°. 
Cleavage parallel to P, and to the short diagonal of 
the prism. Fracture conchnidul. Hard. 8.5. 
Sp.gr. 3.754. Transparent, translucent. Lustre 
vitreous. Colour yellowish and brownish-green. 
Frequently with a bluish opalescence. Streak 
white. 

Found in Brazil and North Amciica. 

CiiusiTR, No. 339. 

Phil. 202. Leon. 533. 

A Mineral found hy Saitssurc iu the porphyritie rocks 
near Liitibourg, and imperfectly described as oc¬ 
curring massive or granular. Translucent. Lustre 
greasy. 

Cleavrlanmte. Albite. Silicious Spur, No. 227. 

Ilaiiy, 3.70. Phil. 113. Raid. 2.255. Leon. 417. 

Occurs in attached crystals and massive. 

Primary form a Doubly oblique prism. P,M=93° 
30'. P,T=115°. M,T=119°30'. Cleavage pa¬ 
rallel to the primary planes. Fracture uneven. 
Hard. 6.0. Sp.gr. 2.61, 2.68. Transparent, trans¬ 
lucent. Lustre vitreous. Colour white, grey, 
pale blue, greenish, red. Streak generally white. 

Massive varieties amorphous. Structure laminar. 

Found in Duuphiuy, at St. Gotliard, and generally 


accompanying felspar in most of its numerous lo- Mineral,gy 
entities. — 1 

Con.itr. 

Arseniate of Cohall. 

a. Rrd Cobalt. Cohalt htoom. No. 172 . 

Ilaiiy, 4.232. Phil. 281. Raid. 2.1S1. Leon. 

162. 

Occurs sometimes in attached thin crystals, but gene 
rally as fine fibres, forming small globular tufts, or 
evenly coating the matrix, and al-o pulverulent 
and massive. 

Primary form an Oblique rhombic prism. Ciivm-. 
fig. 83. P,M=101° 13'- M,M'=55° 15\ Cleav¬ 

age parallel to a plane passing through the oblique 
diagonal, very distinct. Hard. 15, 2 0. Spgr. 

2.918. Transparent, translucent. Lustre vitreous. 

Colour red, of various shades, sometimes pearl „r 
greenish-grey. Streak lighter colour. Splits easily 
into thin lain into, which are very flexible. 

Massive varitly amorphous; structure fibrous, often 
radiating. 

Found principally in Saxony and Bohemia. 

b. Bosei.itr? No. 473. 

An. n.s. 8 139. 

Occurs in attached crystals on greyish quartz. 

Primary form a Right rhombic prism. Cavsr. tig. 

71. M,M'=125° 7'. Cleavage parallel to P. 

Fracture conchoidul. Hard. 3.0. Translucent. 

Lustre vitreous. Colour deep rose-red. 

Found at Schneeberg in Saxony. 

Arseniuret of Cobalt. ? 

a. White Cobalt, No. 29. 

Ilaiiy, 4.219. Phil. 278. llaid. 2.452. Leon. 

654. 680. 

Occurs in imbedded crystals, generally single, and 
massive. 

Primary form a Cube. Cavsr. fig. 56. Cleavage 
parallel to the primary planes, very distinct. Frac 
tnre uneven. Hard. 5.5. Sp.gr. 6.3. Lustre me¬ 
tallic. Colour silver-white. Streak grey ish-hlaek. 

Massive variety amorphous ; structure granular. 

Found in Norway; iu fine crystals at Tunaberg in 
Sweden ; in Silesia, nud in Cornwall. 

b. Hard whitr Cobalt, No, 30. 

E.N.P.J. 3.271. 

Occurs crystallized. Primary form a Cube, Cnv.vr. 
fig. 56. Cleavage parallel to the planes of the 
cube distinct; less so parallel to Mod. a, and still 
less parallel to Mod. e. Sp.gr. 6.74, 6.84. Dis 
lingiiished from white cobalt hy its more distinct 
cleavage and greater sp.gr. 

Found at Skutterud ill Norway. 

c . Radiated whitr Cobalt, No. 31. 

Haul. 2.451. Leon. 162? 

Is said to crystallize in Ithombic prisms, but no dis¬ 
tinct characters of it have been given. 

Found at Schneeberg in Saxony. 

d. Rhombic white Cobalt, No. 32. 

Found at Rokumbo in Sweden, having the bright 
lustre of nrscnicul cobalt, and the form and mea¬ 
surements of arsenical iron. No analysis or de¬ 
scription has been given. 

Sulpko-arseniaret of Cobalt and Iron. 

a . Grey Cobalt, No. 43. 

Huiiy, 4.225. Phil. 278. Raid. 2.435. Leon. 6.SO. 
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Mineralogy Occurs in ail ached crystals and massive. 
r~ v_ "' Primary form a Cube. Ckyst. fig. 56. Cleavage 
parallel to the plane of the Cube, Octahedron, and 
Rhombic dodecahedron, indistinct. Fracture un¬ 
even. Hard. 5.5. Sp.gr. 6.466. Lustre me¬ 
tallic. Colour greyish-tin-white. Streak greyish- 
black. 

Massive varieties, reticulated; amorphous. Structure 
granular, compact. 

Found principally at Schneeberg in Saxony, and in 
Bohemia. Used in the manufacture of Smalt. 
b. Grey cobalt? No. 114. 

Blit.Min. tab. 472. 

Is described as) amorphous. Fracture uneven, like 
broken slcel, and very brittle. Sp.gr. 5.5, 7.2. 
Lustre metallic. Colour rather dull steel-grey. 
Streak brighter. 

Found at Dolcoath mine in Cornwall. 

The while and grey ores of cobalt require a more 
precise examination than they have hitherto re¬ 
ceived, which will probably separate them into dis¬ 
tinct species. 

Cobalto-hismalkie A rscuic. 
a. K R avr unite, No. 33. 

E.J.S. 6.355. Leon. 720 V 

Massive. Structure fibrous, imperfect radiated, rather 
porous. Sp.gr. 6.0, 6.7. Lustre nearly metallic. 
Colour between lead-grey and steel-grey. 

Found at Schneeberg in Saxony. 

Oxide of Cobalt and Manganese, 
a. Earthy Cobalt. Cobalt orb re, No. 129. 

Hatty, 4.230. Phil. 2bl. Raid. 3 73. Leon.162.3, 
23S.9, 

Occurs in botryoidal, stalactitie, and umorphnus 
masses. Structure fine granular, earthy. Soft. 
Spgr. 2.2. Opaque. Colour bluish-black, brown- 
i\Ji, and yellowish. Streak shining. 

Foiind\in Ilcssia, Thuringia, and oilier depositaries 
of (ht.: ores of cobalt. 

It is not' improbable that the brown and yellow varie¬ 
ties m,ay upon further examination appear not to 
belong to one species. 

Sulphate of Cobalt, 
a. Sulphate or Co a alt. No. 547. 

Phil. 2S2. Haiti. 3.145. I-eon. 114. 

Occurs >» small globular, stalactitie, and amorphous 
masses, thinly investing other Minerals. Soft. 
Soluble in water. Translucent. Lustre vitreous, 
often dull externally. Colour pale rose-red. 

Found among the mining heaps of old mines at 
Bieber, near Hunan, and in Salzburg. 

Sulpkuret of Cobalt, 
a. SiiLPiimtKT or Coiialt, No. 75. 

Phil. 280. 11 aid. 3.S8. Leon. 653. 

Occurs in imbedded amorphous masses. Structure 
fine granular, compact. Fracture uneven. Lustre 
metallic. Colour Hteel-grey, with a reddish tarnish. 
Streak grey. 

Found at ltiddarhitlan in Sweden. 

Comptonite, No. 340. 

Phil. 201. Haid. 3.89. Leon. 193. 730. 

Occurs in attached crystals in the cavities of fragments 
of an ainygdaloidul rock at Vesuvius. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M' = 9l°. Cleavage parallel to both diagonals 
of the terminal planes. Fracture uneven. Hard. 


b.O, 5.5. Transparent, translucent. Lustre vitre- Mineralogy 
ous. Colour white. Streak white. - 

Found at Vesuvius, and in a trap rock in Bohemia. 
Condrodite. lirucite. Maelureite, No. 515. 

Hatty, 2.476. Phil. 97. fluid. 3.87. Leon. 533. 

Occurs in imbedded, rouiided nodules of various sizes, 
generally small, the larger ones sometimes pro¬ 
truding into cavities in the matrix, and presenting 
crystalline forms not yet described. 

Cleavage described as parallel to the lateral planes of 
a Rhombic prism of 124\ Fracture uneven. Hard 

6.5. Sp.gr. 3.2, 3.5, Transparent, translucent. 

Lustre vitreous. Colour yellow to brown. 

Found in Finland, and in several parts of North 
America. And it is probable, from the difference 
in appearance of different specimens, that the name 
has been given to two or more different substances. 

Copper. 

Arseniate of Copper. 

Right prismatic. 

a. Linseneiiz. Octahedral Arseniate, No. 477. 

Hatty, 3.509. Phil. 316. llaid. 2.160. Leon. 172. 

Occurs in attached, obtuse, octahedral crystals. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 

M,M' — 107° 5'. l<cvy. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 2.0, 

2.5. Sp.gr. 2.926. Transparent, translucent. Lus¬ 
tre vitreous. Colour light blue and occasionally 
dull green. Streak pale blue or green. 

Found in Cornwall near Redruth, and in Hungary. 

b. OuvENiTE. Ohrcnerz, No. 478. 

Hatty, 3.510. Phil. 319. llaid. 2.164. Leon. 168 
Occurs crystallized and massive. 

Primary form a Rigid rhombic prism. Cryst. fig. 71. 

M,M'= 110° 30'. Levy. Cleavage parallel to tlie 
primary planes. Fracture uneven. Hard. 3.0. 

Sp.gr. 4.28. Transparent, translucent. Lustre 
vitreous, bright. Colour various shades of green, 
generally inclining to olive. Streak paler green. 

Massive varieties, globular, reniform, nodular. Struc¬ 
ture fibrous, occasionally granular, cnmpuct. 

Found in Cornwall near Redruth, and near Alstou- 
inoor in Cumberland. 

c. Euchhoitb, No, 479. 

Haid. 3.94. Leon. 173. 

Occurs in attached or imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M'— 117° 20'. Cleavage parallel to M indis¬ 
tinct. Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 

3.39. Transparent, translucent. Lustre vitreous. 

Colour <mc raid-green. Streak lighter green. 

Found at Libctlieu in Hungary. 

Oblique prismatic. 

a . Tni coral Arseniate. of llotirnon, No. 4S0. 

Phil.318. Haul. 3.144. Leon. 170. 

Occurs crystallized and massive. 

Primary term an Oblique rhombic prism. Cryst. (iir. 

83. P.M = 95°. M.M' — 56°. Cleavage paiallel to 
P. Fracture indistinct. Hard. 2.5, 3.0. Sp.gr. 4.2. 
Transparent, translucent. Lustre vitreous. Colour 
dark blue to blackish-green. Streak paler green. 

Massive varieties, renilbrm, amorphous, with a lamel¬ 
lar structure. 

Found in Cornwall near Redruth. 

Rhomboidal. 

a . Copper mica, No. 481. 
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Mineralogy Haily, 3.509. Phil. 317. Haiti. 2.178. Leon. 171. 

Occurs in attached crystals. 

Primary form a Rhomboid. Ciiyst. fig. 106. P,P'= 
69° 48'. I,evy. Crystals usually tabular, thin. Oc¬ 
casionally in floriliirm groups. Cleavage distinct, 
perpendicular to the axis, less so parallel to P. Frac¬ 
ture uneven. Hard. 2.0. Sp.gr. 2.549. Trans¬ 
parent, translucent. Lustre vitreous. Colour 
emerald-green. Streak rather pale green. 

Found in Cornwall near ltedruth. 

Not Crystallized. 

a. Erinite, No. 482. 

E.J.S. 9.93. 

Occurs in concentric layers, between which other 
arsenintes are found. No crystals observable. The 
surface of the layers rough, the fracture uneven, 
with slightly resinous lustre. Hard. 4.5, 5.0. Sp.gr. 
4.04. Slightly translucent. Colour emerald-green. 
Streak paler green. 

Found near Limerick. 

b . Con nun rite, No. 483. 

P.M. and An. 2.280. 

Considered by Mr. Phillips to be an accidental de¬ 
posit resulting from the decomposition of other ores 
containing copper and arsenic. 

Amorphous. Fracture conchoidal. Scratched by 
glass. When cut hv a knife a polished lead-grey 
surface is produced. Sp.gr. 5.20. Opaque. Surface 
of fracture very smooth. Colour brownish-black. 
Streak black. 

Found in Condurrow Mine, nearCambornc, Cornwall. 

Arsenin ml. of Copper ? No. 35. 

P.M. and An 2. 287. 

Metallic. Amorphous. Yields to the knife. Malleable. 
Colour tin-white. 

Found in Condurrow mine, near Camborne, Corn¬ 
wall, accompanying and coated by Condurrite. 

Carbonate of Copper. 

a. IKue Carbonate of Copper, No. 46L. 

HaQy, 4.3. Phil. 309. Fluid. 2.167. Leon. 152. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. CnysT. fig. 
83. P,M = 9l°30', M,M' = 98° 50'. Cleavage 
parallel to P, dull, and also to M, and both diago¬ 
nals, and to e. Ciiyst. fig. 83. Fracture uneven. 
Structure fibrous, large or small, parallel or diverg¬ 
ing, sometimes curved, and lamellar transversely to 
the direction of the fibres. Occasionally granular, 
sometimes earthy. Hard. 3.5, 4.0. Sp.gr. 3.S3. 
Transparent, translucent. Lustre vitreous, bright. 
Colour various shades of blue. Streak paler blue. 

Massive varieties, globular, botryoidal, reniform, sta- 
lactitic. 

Found in fine crystals at Chessy, near Lyons in 
France, in Siberia, the Bmmat, Cornwall, and many 
other places. 

b. Malachite. Green Carbonate of Copper, No. 460. 

Haiiy, 3.488. Phil. 310. Fluid. 2.175. Leon. 155. 

Occurs crystallised and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P.M = 112“ 33'. M,M' = 107° 16'. The 
crystals generally acicular, and too slender for 
measurement. Cleavage parallel to P and to the 
oblique diagonal of the terminal planes. Fracture 
uneven. Hard. 3.5, 4.0. Sp.gr. 4.0. Transparent, 
translucent. Lustre vitreous, bright. Colour va¬ 
rious shades of green. Streak paler green. 


Massive varieties, nmorphous, or in tuberose, globular. Mineralogy 
reniform, botryoidal, and stalactitic shapes. Stma- 
ture fibrous, the fibres sometimes so slender as to 
appear compact, and then producing a silky Iustie, 
and yielding a conchoidal Iraeture. 

Found in the same places, generally, as (he blue cai- 
bonnte. 

Crystals of green carbonate sometimes occur under 
the forms of blue carbonate and of red oxide, Irnm 
which they have been produced hy some natuial 
process in the mine. These are termed Kni»cuc bv 
Haiiy. 

c. Anhydrous Carbonate, oe Copper, No. 4fi3. 

Phil. Tr. 1814, p. 45. An. 16. 39. 

Occurs amorphous. Structure imperfectly foliated. 

Fracture smul I -conchoidal. Easily scratched with 
a knife. Sp.gr. 2.62. Colour dark blackish-brown. 

Streak reddish-brown. 

Found in India, N.W, of Madras, accompanying Ma¬ 
lachite. 

Carbonate of Copper and Zinc. 

a. Kupfersciiauai, No. 464. 

Haid. 2.180. Leon. 756. 

We believe that two or more different Minerals, pre¬ 
senting nearly the same external characters, have 
been included by different authors under this name. 

The Mineral here alluded to consists of small, silky 
tufts or globules, composed of vciy thin radiating 
leaves or leafy fibres, without any appearance of 
crystalline form, or any observable cleavage or 
fracture. Colour bright bluish-green. 

Found in the Baniiut, and at Matlock in Derbyshire. 

Other localities are mentioned, but they possibly 
relate to some other Mineral. 

Chloride of Copper. 

a. Atacamite. Muriate of Copper, No. 66. 

Haiiy, 3.484. Phil. 313. llaid. 3.74. Loon. 212. 

Occurs in attached crystals; as a green sand at Ata¬ 
cama in Peru ; and massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M'=100 3 . Cleavage parallel to P distinct, 
less so parallel to M. Fracture uneven. Hard. 

3.0, 3.5. Sp.gr. 4.4. Translucent to opaque. 

Lustre vitreous. Colour green, of various shades, 
but chiefly dark emerald-green. Streak lighter green. 

Massive variety, reniform, with a fibrous structure. 

Found principally at Remolinos ill Chile. 

Native. Copper. 

a. Native Copper, No. 8. 

Haiiy, 3.423. Phil. 296. Haid. 2.444. J.eon. 710. 

Occurs in variously, branched and aggregated crys¬ 
tals, in plates and massive. Primary form a Cube. 

Cryst. fig. 56. No cleavage. Fracture hackly. 

Hard. 2.5, 3.0. Sp.gr. 7.7, 8.5, Lustre metallic. 

Colour red, frequently much tarnished. Streak 
shining. 

Massive varieties, generally amorphous. 

Found in Cornwall and in most other Countries, in 
veins, and occasionally in beds. 

Glide of Copper. 

a. Red Oxide op Copper. Oxydvlous Copper. When 
earthy, Tile-ore, No. 131. 

Hatty, 3.462. Phil. 306. Haid. 2.381. Leon. 566 9. 

Occurs in attached crystals, and massive, occiimoii- 
ully in thin plates and fibrous. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes ot the regular octahedron. 
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Fracture uneven. Hard. 3.5,4.0, Sp.gr. 6.0. Trans- 
v_ * parent, translucent. Lustre adunuititinc, approach* 

iug sometimes to metallic. Colour red of several 
shades. Sneak dull red. 

Massive. varieties, amorphous. Structure crystalline and 
iiinorphous, or botryoidal, with an earthy structure. 

Fmiud in most copper mines accompanying other 
ones of this metal. 

Phosphate of Copper. 

Right prismatic, 
a. Liiiki'iiknitk, No. 495. 

1 laity, 3.519. Phil. 311. Haid. 2.166. Leon. 143. 

Occurs in small attached octahedral crystals. 

Pi unary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M'= 11)9° 3D'. Cleavage parallel to 1*. dis¬ 
tinct ; less so parallel to M. Fracture uneven. 
Hard. 4.0. .Spgr. 3.6. Transparent, translucent. 
Lustre resinous. Colour dark green. Streak green. 

Found principally nt Liln-llien in Hungary. 

Jlyih ■oiis Phosphate of Copper, 
a. Rhevitu, No. 496. 

liaiiy, 3.5J9. Phil. 315. Haid. 2.173. Leon. 143. 

Occurs in attached crystals and massive. 

Primaiy form an Oblique rhombic prism. Ciiyst. fig. 
S3. P.M = 97° 30'. M,M'=37°30'. Cleavage 
indistinct, parallel to the horizontal diagonal. Frac¬ 
ture uneven. Hurd. 4.5, 5.0. Sp.gr. 4.2. Trans¬ 
lucent, opaque. Lustre vitreous. Colour various 
shades of green, frequently blackish. Streak pale 
green. 

Massive varieties, botryoidal and amorphous. Struc¬ 
ture fibrous. 

Found near Hliciuhreitliach on the Rhine. 

Seleniuret of Copper, 
a. SF.i.FNnjur.T or Cdppkh, No. 53. 

llafiy, 3.469. Phil. 304. llaid. 3.150. Leon. 394. 

Occurs massive and in thill plates in carbonate of 
lime at Smalaiul, Sweden. Soil. Malleable. Lus¬ 
tre metallic. Colour siUcr-wliite. Streak shilling. 

Silicate of Copper. 

a. Diner as e. Emerald Copper , No. 178. 

Hatty,3.477. Phil.312. Haul. 2.171. Leon.220. 

Occurs in attached crystals. 

Primary form a Rhomboid. Ciiyst. fig. 106. P,P' 
= 126° 17'. Cleavage parallel to P. Fracture 
uneven. Hard. 5.0. Sp.gr. 3.278. Transparent, 
translucent. Lustre vitreous. Colour emerald to 
blackish-green. Streak green. 

Found in tile Kirglic.se Steppes, and according to 
Phillips, at Risliauyn in the llaiinat. 
h. CunvsncoLi.v. Copper-green, No. 179. 

Hatty, 3.471. Phil. 312. Haid. 2.158. Leon. 219. 

Occurs massive. 

No proper crystalline form or cleavage yet observed, 
but occurring in Siberia and Cornwall in epigone or 
pscmlomorplious crystals, of some of the forms of 
arseuiate, blue carbonate, and red oxide of copper. 
Hurd. 2 0, 3.0. Sp.gr. 2.031. Translucent. Lus¬ 
tre vitreo-resinous. Colour bluish and blackish- 
grecn. Streak green. 

Several localities are named of this substance, but it 
is probable that they relate to very different Mine¬ 
rals, some of which appear to be only quartz or 
culcedony, coloured by carbonate of copper. 

Sulphate of Copper, 
a. Soluble, No. 534. 

Hatty, 3.523. Phil. 313. fluid. 2.44. Leon. 111. 


Occurs in stulactitic, fibrous, and earthy masses, eel- Mineralogy 
dom in crystals. * 

Piimary form an Oblique rhombic prism. Ciiyst. fig. 

95. P,M = 109° 32'. P,T = 128" 27'. M,T = 

149° 2'. Cleavage indistinct, parallel to T and M. 

Fracture couchoidal. Haul. 2.5. Sp.gr. 2.213. 
Transparent, translucent. Lustra vitreous. Co¬ 
lour bright blue. Streak white. 

Found in several copper mines in this and other 
Countries. 

b. UiumuA vrrrK ? No. 515. 

An N.s. 8.211. Haid. 3.81. T eon. 724. 

Occurs in minute, thin, rectangular crystals. Pri¬ 
mary form a Right rhombic prism. Chvst. fig. 71. 

M,M' = 111° 20'. Cleavage and fracture uncer¬ 
tain. Hard. 3.5, 1.0. Transparent. Lustre vi¬ 
treous. Colour emerald-green and blackish-green. 

Found at Cathcrinenburg in Siboiia, covering mumel- 
Itilcd green carbonate of copper. 

c. Konkiink? No. 546. 

An. n.s. 11.194. 

Primary form a Right rhombic prism, Ciivsr. fig. 71. 

M,M'= 105°. Cleavage perpendicular to axis of 
prism. Hard. 3.5, 4.0. Translucent Lustre vi¬ 
treous. Colour emerald-green and blackish-grceu. 

Found at Cathcrinenburg in Siberia. 

Sulphvrel of Copper. 

a. Vitreous ('offer. No. 77. 

liaiiy, 3.454. Phil. 297. Haul. 3.8. Leon. 566, 610. 

Occurs in attached hexagonal prisms and massive. 

Primary form a Rhomboid. Ciiyst. fig. 106. P,P' 

= 71° 30'nearly. Cleavage parallel to the hex¬ 
agonal pyramids corresponding to the primary 
plane. Fracture couchoidal. Hard. 2 5, 3.0. Sp.gr. 

5.7. Lustre metallic. Colour lead-grey, frequently 
tuinislied. Streak sinning. 

Massive rarietiis, amorphom ; structure granular to 
compact. 

Found in Cornwall, finely crystallized, and in most 
oilier depositories of copper ora. 

Sntpharel of Copper, Iron, . 

.1 . Faiii.ork. Urey Copper, No. 78. 

a. Arsenical. 

flatty, 3.ML Phil. 300. Haid. 3.1. Leon. 648. 

Occiii s in attached and imbedded ci ystats, and massive. 

Primary form a Cube. Cuvsr. tig. 56. Predomi¬ 
nating form the regular tetrahedron. Cleavage pa¬ 
rallel to the planes of the tetrahedron, very indis¬ 
tinct. Fracture couchoidal. Hard. 3.0, 4.0. Sp.gr. 

4.8, 5.1. Opaque. Lustre metallic. Colour steel- 
grey. Streak nearly the same. 

Massive varieties, amorphous; structure granular to 
compact, and sometimes earthy. 

Is found accompanying most other copper ores. 

b. A ntiinonial. 

Differs from the arsenical chiefly in colour, which is 
much duiker. It is also more frequently tainislicd 
on the sm face, presenting a remaikable contrast to 
the relative characters of antimony and arsenic in 
their native state. The fractured surfaces of anti¬ 
mony retaining their metallic brightness afler ex¬ 
posure to the air, while those of arsenic speedily 
become dull and black. 

d. Tf.nnantite. No. 79. 

Phil. 304. Haid. 3.161. Leon. 604. 

Occurs in attached crystals. ' 

Primary form a Cube. Ciiyst. fig. 56. Cleavage 
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Miner.)logy parallel tj the planes of the regular octahedron. 

Fracture uneven. Hard, exceeding 3.0. Sp.gr. 
4.375. Lustre metallic. Colour lead-grey, ire- 
qucutly tarnished on the surface. Streak reddish- 
grey. 

Found in several of the copper mines in Cornwall, 
ft. Purple Copper. Bunlknpfererz, No. 80. 

Hatty, 3.436. Phil. 299. Huid. 2.467. Leon. 643. 

Occurs in attached crystals and massive. 

Primary form a Cube. Cnvsr. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, in¬ 
distinct. Fracture uneven. Hard. 3.0. Sp.gr. 5.0. 
Lustre metallic. Colour purplish and reddish-brown, 
generally tarnished on the surface. Streak greyish- 
black. 

Massive, var'uiy, amorphous. Structure compact. 

Found in most copper mines. 

A variety of this substance occurs in Cornwall, in the 
form of thin hexagonal prisms, which are probably 
pse udomorphoiis. 

Sulphurct of Copper and Iron, 
a. Copper Pyrites. Yellow Copper, No. 81. 

Haiiy, 3.432. Phil. 302. Haul. 2.169. Leon. 644. 

Occurs in attached and imbedded crystals, and massive. 

Primary form a Square prism. Cryst. fig. 65. 
P,c = 117° 15'. Cleavage parallel to e, fig. 68. 
Fracture conchoidal. Hard. 3.5, 4.0. Sp.gr. 4.17, 
4.3. Lustre metallic. Colour brass-yellow, fre¬ 
quently with a violet and purple tarnish on the sur¬ 
face. Streak greenish-black. 

Massive varieties, globular, botryoidal, reniform, sta- 
ladilir, and amorphous. 

Found in most mines where copper is produced, 
ft. Kijpfkiundio, No. 83. 

Haul. 3.118. Leon. 755. 

Occurs in imbedded spheroidal masses, and in fiat 
layers, having an uneven fracture, and a fine gra¬ 
nular or earthy structure. Soft. Sp.gr. 3.8. Opaque. 
Lustre dull resinous. Colour dark blue. Streak 
shining. 

Found in Salzburg and in Thuringia 

Silicate and Sulphate of Copper. 

<t. VEi.vp.r Coprcn, No. 567. 

Haul. 3.168. 

Occurs in very short capillary crystals coaling the 
surface of the matrix, and presenting a velvety ap¬ 
pearance. Translucent. Lustre pearly. Colour 
bright blue 

Found at Moldawa in the Bumiat, and consists of 
silica, sulphuric acid, and oxides of copper and 
zinc. 

Composition unknown, 
a. Pelokonitk, No. 569. 

K.N.P.J. 12.131. 

Occurs amorphous. No cleavage. Fracture con- 
clioidul. Hard. 3.0. Sp.gr. 2.51, 2.57. Opaque. 
Lustre vitreous, nearly dull. Colour bluish-black. 
Streak liver-brown. 

Found in the Tierra Amarilla and Remulinos in Chili, 
accompanying green carbonate of cupper. Soluble 
in muriatic acid, the solution yellowish-green. Not 
analyzed. 

Cryolite, No. 514. 

Hatty, 2.157. Phil. 197. Haid. 2.66. Leon. 570. 

Occurs in single or aggregated crystalline masses. 

Primary form not observed. Cleavage parallel to the 
VOL. vi. 


terminal and lateral planes of a rectangular prism. Mineralogy 
Fracture uneven. Hard, 2.5, 3.0. Sp gr. 2.963. v «-., - ■ - 
Translucent, and becomes more linusparent alter 
immersion in wulcr. Lustre vitreous, i at her pemly 
on one surface. Colour white, or reddish, or yel¬ 
lowish-brown. Streak white. 

Found at Arksut-fiord, West Greenland. 

Davyne, No. 341. 

E.J.S. 7.326. Leon. 433. 

Occurs in uttached regular hexagonal prismatic ervs- 
tals with the terminal edges truncated. 

Primary Ibrm a Rhomboid. Cryst. fig. 106. P,l v = 

112° 16'. Corresponding nearly, if notexuctlv, with 
Nephcline. Cleavage parallel to the planes of the 
hexagonal prism, distinct. Fracture conchoidal. 

Hard. 5.0, 5.5. Sp.gr. 2.4. Transparent. Lustre 
vitreous, pearly upon the cleavage planes. Colour 
white, sometimes yellowish-brown. Streak white. 

Found in cavities, in some of the masses ejected from 
Vesuvius. 

Desmine, No. 342. 

Occurs in small silky tufts accompanying Spinellano 
from the extinct volcanoes of the Rhine. 

Dichiioite. Iolite. J'eliome. Sleinheilite, No. 305. 

Haiiy, 3.1. Phil. 93. Ilaid. 2.319. Leon, 466. 

Occurs in imbedded crystals, and massive. 

Primary form a Right rhombic prism. Cnvs’r. fig. 71. 

M,M' nearly 120°. Cleavage parallel to the late¬ 
ral planes. Fracture conchoidal. Hurd. 7.0, 7.5. 

8 p.gr. 2.583. Transparent, translucent. Lustre 
vitreous. Colour blue in the direction of the axis, 
and yellowish-grey perpendicular to it; sometimes 
dull yellowish in both directions. Streak while. 

Massive varieties, amorphous. Structure indistinctly 
granular. 

Found in Spain, in Havana, in Finland, and oilier 
localities. 

Dipyre. Lencolile, No. 343. 

Haiiy, 2.596. Phil. 45. Haid. 2 264. Leon. 475. 

Occurs in small imbedded crystals. 

Primary form not determined. Fracture conchoidal. 

Hard. 5.0, 5.5. Sp.gr. 2.63. Opaque. Lustre 
internally vitreous. Colour greyish and reddish- 
while. 

Found in the Western Pyrenees. 

Disluite, No. 344. 

Occurs at Franklin, New Jersey, North America, in 
regular octahedral crystals imbedded in carbonate 
of liine. 

Colour yellowish-brown. No published description 
or analysis. Possibly brown Spinclle. 

Domjtk, No. 345. 

Phil. 203. 

Occurs in white, greyish, or yellowish, earthy or pul¬ 
verulent, amorphous, masses, at Puy de Dome, in 
Auvergne. 

EoiNoroNiTB, No. 221. 

E.J.S. 3.316. Leon. 731. 

Occurs in attached crystals in the cavities of Thom- 
sonite. 

Primary form, according to Haidingcr, a Square 
prism. Cryst. fig. 65. Cleavage parallel to the 
lateral planes. Fraeture uneven. Hard. 4.0, 4.5. 

Sp.gr. 2.71. Translucent. Lustre vitreoii9. Co¬ 
lour greyish-white. Streak white 

Found in the neighbourhood of Dumbarton, Scotland. 

Elaolite. FMstein, Lythrodes. Sodaitc No. 238. 

3 T 
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aHuciuMuj Hauy, 4.505. Phil. 136. Ilaid. 3.93. Leon. 408. 

Occurs in amorphous masses, with cleavages parallel 
to the lateral planes, and both the diagonals of a 
Rhombic prism of 112°. Fracture conchoidnl. 
Hard. 5.5, 6.0. Sp.gr. 2.55, 2 62. Translucent. 
Lustre vitreo-resinous, sometimes fatty, occasion¬ 
ally opalescent. Colour greenish or bluish-grey, 
or greyish or brownish-red. 

Found in Norway imbedded in Syenite. 

Emerald. Beryl. Aquamarine, No. 322. 

Hatty, 2.504. Phil, i02. Haul. 2.310. Leon. 391. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form a Rhomboid. Cryst. ftg. 106. P,P'= 
1()4° 28'. Cleavage parallel to all the planes of a 
regular hexagonal prism, the form it generally 
assumes. Fracture uneven. Hard. 7.5, S.O. 
Sp.gr. 2 68, 2.732. Transparent, translucent. 
Lustre vitreous. Colour various shades of green. 
Mile, and yellow. Streak white. 

Massive vanities, amorphous, structure large granu¬ 
lar, or globular with a fibrous structure. 

Found iu Columbia, l’crti, Brazil, North America, 
Siberia, and in several parts of Europe. 

Ecidotk. Vistazite. Thallite., No. 289. 

Hally, 2.508. Phil. 41. Ilaid. 2.282. Leon. 476. 

Occurs in attached and imbedded crystals, massive 
and granular. 

Primary form an Oblique rhombic prism. Cryst. 
fig. S3. l‘,M = 103° 10'. M,M' = 63° 25'. 
Cleavage parallel to P and h, fig. 91. Fracture 
uneven. Hard. 6.0, 7.0. Sp.gr. 3.425, 3.45. 
Transparent to opaque. Lustre vitreous. Colour 
various shades of green, grccnish-grev, brownish- 
yellow, and blackish-red. Streak, greyish-white. 

Massive varieties, amorphous. Structure granular, 
compact, fibrous. Occasionally arenaceous. 

Found in many parts of Europe and America, and in 
the East Indies. 

Thulite and Witharnitc have been referred to this 
species. 

Epiktiliiite. No. 214. 

E.J.S. 4.286. Leon. 735. 

Occurs in crystals attached to a mass of the same 
substance. 

Primary form a Right rhombic prism. Crvst. fig. 71. 
M,M' ~ 135° 10". Cleavage parallel to the short 
diagonal of the prism. Fracture uneven. Hard. 
4.5. Sji.gr. 2.25. Transparent, translucent. Lustre 
vitreous. Colour white. Streak while. 

Found iu Iceland and the Faroe Islauds. 

Erlvnitk, No. 243. 

An. n.s. 8.3S9. Leon. 736. 

Occurs massive and amorphous, forming a bed of 100 
fathoms in thickness. Structure granular, com- 
j>uct. Fracture foliated, splintery. Hard. 5.5. 
Sp.gr. 3.0, 3.1. Opaque. Lustre very feeble. 
Colour greenish-grey. Streak white, shining. 

Found in the Saxon Erzgebirge, near Erla 

Used as a ilux by iron smelters. 

Euclahe, No. 323. 

Hufly, 2.528. Phil. 101. Ilaid. 2.313. Leon. 395. 

Occurs in detached crystals iu alluvial ground in 
Brazil. 

Primary form an Oblique rhombic prism. Cbyst. fig. 
83. P.M = 118° 16'. M,M' =114° 50'. Cleav¬ 
age parallel to the terminal plane, aud horizontal 
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diagonal, indistinct, but very distinct parallel to Mineralogy 
the oblique diagonal. Fracture uneven. Hard. 

7.5. Sp.gr. 3.098. Transparent. Lustre vitreous. 

Colour pale bluish-green, blue, aud white. Streak 
white. 

Eu hyalite. No, 329. 

Phil. 122. Haul. 3.96. E.P.J. 12.81. Leon. 390. 

Occurs iu imbedded crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. I\P' 

= 73° 40'. Cleavage parallel to a, fig. 107. and 
to p, fig. 121. Fracture uneven. Hurd. 5.0, 5.5. 

Sji.gr. 2.9. Faintly translucent, opaque. Lustre 
vitreous, sometimes dull. Colour brownish-red. 

Streak white. 

Massive varieties, imbedded and amorphous. 

Found in Greenland. 

Faiilu.niti:. Trick!a site, No. 265. 

Iluiiy, 3.1 10. Phil. 56. Ilaid. 3.97. Leon. 737. 

Occurs in imbedded, regular, hexagonal jirisms, and in 
amurjihotis masses. Cleavage perpendicular to 
the avis of the piism. Fracture uneven. Hard. 

5.0, f> 5. Sp.gr. 2.66. Nearly opaque. Colour 
blackish, yellowish, and greenish-brown. Streak 
greyish-white. 

Found at Fahiun in Sweden. 

This has been described ns a Right rhombic prism of 
109° 28', and it is said to be cleuvable parallel to 
the lateral planes. 

Felspar. Orthose, No. 226. 

Haiiy, 3.79. Phil. 113. Ilaid. 2.25L. Leon. 424. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic jirism. P,M =r. 

1 12° 35'. 3U,M'- 118“ 58'. Cleavage parallel to 

the terminal plane and the oblique diagonal, dis¬ 
tinct; less so parallel to M and M'. Fracture 
conchoidal, uneven. Hard. 6 0. Sp.gr. 2.5, 2.6. 
Transparent, translucent. Lustre vitreous. Co¬ 
lour white, grey, green, red, of dillercnt shades. 

Streak greyish-white. 

Massive varieties, amoi pilous. Structure granular, 
compact. Sometimes in imbedded globular con¬ 
cretions. But it will probably be found lliul several 
distinct Minerals have been classed as comjiact 
felspar. 

Found in all parts of the World. 

Foiisteiuit!, No. 346. 

An. n-.s. 7.59. Ilaid. 3.102. Leon. 739. 

Occurs in attached, small, brilliant crystals. 

Primary form a Right rhombic jirism. Cryst. fig. 

71. M,M' =T28° 54'. Cleavage parallel to P. 

Harder than quartz. Translucent. Lustre vi¬ 
treous. Colour white. 

From Vesuvius, uceomjianied by Plconaste und Py¬ 
roxene. 

FnnisLFBii*, No. 347. 

Lucas, 2,316. 

Is described as having a foliated fracture. Hard, 
about 3.0. Considerable lustre. Colour blue, some¬ 
times greyish. Sod to the touch. Insoluble in 
water. 

No locality or analysis given. 

Fuscite, No. 348. 

Phil. 204. Leon. 474. 

Is said by Phillips to be a Rhombic prism of 87° and 
93°; is considered by Huidinger to be Pyroxene, 
and by Leonhard to be Scapolite. It is, therefore, 
a doubtful species. 
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Found near Arenrlahl in Norway. 

Gabhonitf., No. 232. 

Phil. 139. 

Occurs crystallized and massive. Primary form a 
Square prism. Cryst. fig. 65. Cleavage parallel 
to the lateral planes, indistinct. Fracture uneven. 
Hard, about 5.0. Sp.gr. 2.9. Opaque. Dull. 
Colour bluish or greenish-grey, red. 

Found only in Norway. 

Gaunet. Precious, Atmandine. Black, Mdanile, Py¬ 
re neite. Greenish-ycllovv/irossn/tfrta. Yellow, crys¬ 
tallized, Topazotite; granular, Succinite. Brown¬ 
ish-yellow, granular, Colopkonite.. Greenish, com¬ 
pact, Allochroite. Red, Pyrope, Carbuncle , lled- 
dish-brown, Essonite , Cinnamon-stoiu, Roman- 
zovilc. Magnesian, Rothqffitc, No. 294—30J. 

Probably some of these are distinct species, although 
their crystals are similar iu form. 

Haiiy, 2.213. Phil. 2G. Haul. 2.359. Loon. 487. 

Occurs in attached and imbedded crystals of the form 
of rhombic dodecahedrons, granular and massive. 

Primary form a Cube. Cuvsr. tig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron, 
very indistinct. Fracture uneven. Hard. (5.5, 7,5. 
bp gr. 3.6, 4.2. Transparent, translucent, rarely 
opaque. Lustre vitreous, resinous. Colour va¬ 
rious shades and combinations of green, yellow, 
red, brown, black, white. Streak white. 

M<twice varieties, amorphous, structure granular, com¬ 


pact. 

Found in most of the mountainous parts of the 
World. 

Grin.KNiTi’, No. 303. 

Haiiy, 2.557. Phil. 35. Haul. 3.102. Leon. 212. 

Occurs iu imbedded and ina.-sive aggregations of 
rectangular, or slightly rhombic crystals. 

Primary form uncertain. Cleavage parallel to the 
planes of a rectangular or rhombic prism. Frac¬ 
ture uneven. Hard. 5.5, 6.0. Sp.gr. 3.029. 
Slightly translucent, opaque. Lustre slightly vi¬ 
treous. resinous. Colour grey, sometimes yellow¬ 
ish or greenish. # 

Found only in the valley of Fassa in the Tyiol. 

( 11 ESEC KITE, No. 2(34. 

Phil. 113. llaid. 3.104, Leon. 461. 461, 465. 

Occurs in imbedded crystals iu the form of hexagonal 
prisms. 

Structure of the crystals granular. Fracture uneven. 
Hard. 2.5, 3.0. Sji.gr. 2.832. Ojiaque. Lustre 
slightly resinous. Colour brownish-grey and 
greenish. Streak white. 

Found in Greenland by Sir Charles Gieseeke. 

(itOANTOl.lTE, No. 349. 

A name given by Nordenskiold, on account of the size 
of the crystals, to a Mineral occurring in Finland, 
but first Ibuud at Scluieeberg in Saxony, and then 
•called Finite. The Saxon specimens are decom¬ 
posed, soft, and dull red. The Finland Mineral 
is not decomposed, and is dull dark green. Both 
varieties present the form of imperfect hexagonal 
prisms, and may Ire split into thin plates. The 
same substance has been found in North America, 
and named Phyllitc. 

Glal'comte, No. 244. 

P.M. and An. 2.463. Leon. 742. 

Occurs massive. Structure crystalline. Cleavage 

parallel to the planes of a Rhombic prism, of about 


G 


107 or 14,3° 30', indistinct. Fracture uneven. Miner,il.n»y 
Hard. 5.0. 6.0. Spg.\ 2.7, 3.2. Translucent. 

Lustre silicons. Colour lavender-blue, giceu. 

Streak lighter. 


Fouud near the lake Baikal in Siberia, 
ibis Mineral aftords uti instance of the disadvantage 
of significant names, as at least three different sub¬ 


stances have been so called, merely on account of 
their colour, one of which, from Norway, has a 
cleavage parallel to the planes of the rhombic do¬ 
decahedron, and another has no apparent cleavage. 

MEMNiTE. Hydro!ite, Dc Dixie, No. 211. 

Haiiy, 3.177. Haid.3.l04. Leon. 742. 

Occurs in attached crystals of the form of hexagonal 
prisms, lining cavities in trap rocks. 

Primary form a Rhomboid. Cryst. fig. 106. Cleav¬ 
age purallcl to the primary planes. Fracture 
uneven. Hard. 4.5. Sp.gr. 2.05. Translucent. 
Lustre vitreous. Colour white, and pale dull yel¬ 
low and red. Streak white. 

Found iu the Vicenti, in Ireland, and iu North Ame¬ 
rica. 


Gold. 


a. Native oold. No. 17. 

Haiiy, 3.235. Phil. 322. Haul. 2.436. Leon. 707. 

Occurs only in a metallic state, crystallized, and mas¬ 
sive. 

Primary form a Cube. Cryst. fig. 56. No clenvaw. 
Fracture hackly. Hard. 2,5, 3.O. Sji.gr. 11.857. 
Ojiaque. Lustre metallic. Colour yellow, of 
several shades. Streak shining. 

Found in North America, Mexico, Brazil, Peru, and 
other jiarls of South Amciica, and in several parts 
of Europe, A-ia. and Aliica. 

Native Gold is usually alloyed with a small quantity 
of silver. When the |>io;,»rtion is considerable the 
compound passes under the name of 

b. F.i.r.orttCM, No. 18. 


(la een Eartii, Talc. Zu"rapliiq,te, No. 257. 

llaiiv, 2.193. Phil. 117. Haid. 2.193. Leon. 1S9. 

Occurs massive, imbedded in or lining- the cavities of 
trap rocks. Fracture earthy. Hard. 1.0, 1.5. 
Sj> gr. 2. t 3t. Ojiaque. Dull. Colour greyish, 
bluish, blackish-green. Streak shining. 

Found in the Faro Islands, and in several jiarls of 
Europe, particularly near Verona, and generally 
wherever auiygdnlnidal rocks occur. 

Several apparently dilforonl substances are so named 
on account of their colour and earthy fracture. 
Crystals of a green earthy substance of the form of 
Pyroxene are occasionally found in trap rocks. 
IIaiimotomk. A-idreolilc. Krc.inite, No. 220. 

Haiiy 3.142. Phil. 56. Haid. 2.229. Leon. 196. 

Occurs in attached crystals, generally intersecting 
each other lengthwise. 

Primary form u Right rhombic prism. Cryst. fig. 
71. M,M'= 110°; Levy. Cleavage parallel to 

the primary pianos, and to both the diagonals of 
the prism. Fracture uneven. Hard. 4.5. fsji.gr. 
2.35, 2.39. Transparent, translucent. Lustre 
vitreous, sometimes pearly. Colour greyish, yel¬ 
lowish, reddish-white. Streuk white. 

Found in Scotland, and in several places on the 
Continent of Europe. 

The crossed crystals most commonly met with are 
3 r 2 



49 i 


MINERALOG Y. 


M ji. from Andreasberg, and the simple ones from Stron- 

tian in Scotland. 

11 AURINGTONITF, No. 350. 

A white substance so named from Ireland. It occurs 
in thin tubular masses, with a tine granular .struc¬ 
ture, and may possibly Ire only a variety of some 
known Mineral. 

IIauvns. Lalialite, No. 565. 

Hatty, 2.335. Phil. 374. llaid. 3.107. Leon. 459. 
Occurs in attached dodecahedral crystals, granular, 
and massive. 

Primary form a Cube. Ciiyst. fig. 56. Cleavage 
parallel to tile diagonal planes of the cube, in¬ 
distinct. Fracture uneven. Hard. 5.5, 6.0. Sp gr. 
2.68. Transparent to opaque. Lustre vitreous. Co¬ 
lour blue, sometimes greenish, white. Streak white. 
Massive varieties, amorphous, structure granular, 
compact. 

Found in the cavities of ancient lavas, and in the 
liagmenls of rocks ejected from Vesuvius. 
JIi.nrNiiKiionn, No. 351. 

Haiiy. 4 495. Phil. 66. Leon. 506. 

Is said by Phillips to measure the same us Amphibale.; 
by Levy to he Pyroxene; by Berzelius to cleave 
into obtuse rhomboids , similar to that of carbonate 
of lime ; and by Haiiy, into octagonal prisms with 
a base oblique to the axis. It is uncertain, there¬ 
fore, to what Mineral the published descriptions 
really apply. 

Helvin', No. 302. 

IIany, 2.333. Phil. 244. Haul. 2.357. Leon. 462. 
Occurs in attached and imbedded tetrahedral or octa¬ 
hedral crystals. 

Piimary form a Cube. Ciiyst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, in¬ 
distinct. Fracture uneven. Hurd. 6 . 0 , 6.5. Sp.gr. 
3.166. Translucent. Lustre vitrco-rcsinous. Colour 
dull yellow, sometimes brownish. Streak white. 
Found at Schvvarzenbcrg in Saxony. 

111'.uoF.niTi, No. 352. 

P.M. and An. 4 1. 

Occurs in imbedded crystals. 

Primary form a Right rhombic pi is in. Cryst. fig. 
71. M,M'= 115° 53'. Cleavage parallel to the 
lateral planes, and to the long diagonal of the prism. 
Fracture small conchoidal. Hard. 5.0. Sp gr. 
2.985. Nearly transparent. Lustre vitreous, 

slightly inclined to resinous. Colour yellowish 

and greyish-white. Streak white. 

Found imbedded in Fluor at Ehreufriedersdorf in 
Saxony. 

IlrasciiKi.iTR, No. 353. 

An. n.s. itl.361. Leon. 745. 

Occms in attached hexagonal crystals in the cavities 
of granular olivine. 

Primaly form a Rhomboid. Cryst. fig. 106. P/s 
about 132°. No perceptible cleavage. Fracture 
conchoidal. Hard, about 4.0. Sp.gr. 2 11. 
Translucent. Opaque. Colour white. 

Found at Aci Reale in Sicily. 

I’cilanuite. Haydenite, No. 215. 

Hatty, 3.155. Phil. 38. Haul. 2.242. Leon. 745. 
Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P.M = 108° l'. . M,M' = 97°39'. Cleav¬ 
age parallel to the oblique diagonal of the prism, 
very distinct. Fracture uneven. Hard. 3.5, 4.0. 


Sp.gr. 2.2. Transparent, translucent. Lustre M meraogy 
vitreous, on the cleavage planes pearly. Colour 
white, grey, yellow, red, brovvu. Streak white. 

Massive varieties, granular. 

Found principally in Iceland and the Faroe Islands, 
and generally lining cavities in trap rocks. 

II IS I NO Ell i ri:, No. 172. 

Phil. 204. Haiti. 3.108. Leon. 212, 746. 

Occurs massive, with a distinct cleavage in only one 
direction, aud an earthy fracture. Soil. Sp.gr. 

3.045. Opaque. Colour black. Streakgreenish-grcy. 

Found in Svttrta Parish, Sudermanland. 

Hujuite, No. 354. 

llour.Cat. 52. Phil. 205. Haid. 3.110. Leon. 747. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' 120°. Cleavage parallel to M and M' dis¬ 
tinct and bright. Fracture uneven. Hard. 6.5, 7.0. 
Transparent, translucent. Lustre vitreous. Colour 
brownish-yellow and light reddish-brown. Streak 
white. * ... 

Found on Monte Somina. 

llVALOSIOERITE, No. 284. 

Haid. 3.111. Leon. 533. 

Occurs in imbedded crystals in a brown basaltic 
amygdaloida! rock. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M'=105°; W.P. Cleavage purullcl to P. 

Fracture uneven. Hard. 5.5. Sp.gr. 2.875. Trans¬ 
lucent, opaque. Lustre vitreous, superficially 
metallic. Colour reddish-brown. Streak light brown. 

Found at ivaiserstuhl in Brisgavv. 

The form and measurements of this Mineral agree 
very nearly with those of Olivine. 

Hypersthenk. Diallage metalloidc , var. Labrador 
Hornblende, Paulite, No. 285. 

Ilafty, 2.417. Phil. 70. Haid. 2.209. Leon. 516. 

Occurs in crystalline masses, sometimes presenting 
parts of the natural surfaces of crystals. Cleav¬ 
age parallel to the lateral planes of a ihombic prism 
of 93° 30', and to both diagonals. Fracture 
uneven. Hard. 6.0. Sp.gr. 6.389. Opaque. Lustre 
metallic in one direction, on the cross fracture, vi¬ 
treous. Colour on the metallic looking surface 
reddish, in other directions greyish or greenish- 
black. Streak greenish-grey. 

Massive, varieties, amorphous. 

Found at Labrador, and in the Island of St. Paul. 

This and the Bronzitc and Schiller spar have the 
same cleavages and measurements. 

Jade. Jgida, its Indian name. Axe stone. Jleilstein. 
Nephrite? Sanssvrite? No. 306. 

Hatty, 4.498. Phil. 134. Haid. 3.149. Leon. 422. 

There is much uncertainty and confusion in the pub¬ 
lished description of Jude, Nephrite, aud Saussui- 
itc ; and it is not apparent what the Mineral i$ to 
which (lie name Igidu has been applied in India. 

The Axe stone of the South Sea Islands appears to 
be a compact amianthus, or a serpentine enveloping 
a considerable quantity of amianthus. Werner’s 
Jade or Beilstein is a brittle, yellowish-brown, fibrous 
Mineral. It is probable that the Chinese Jade is 
the substunce which is aiso named Yu, and is be¬ 
lieved to be Prehnite. 

a. Nephrite, No. 307. This has been described as fol¬ 
lows. 

Hatty, 4.498. Phil. 134. Haid. $.131. Leon. 764. 
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Mineralogy Occurs massive. Structure Jlhrous, compact. Fracture 
'—"-v-"' splintery. Hard. 7.0. Sp.gr. 2.9, 3.02. Trans¬ 
lucent, opaque. Colour green of several shades. 
Very lough. ■ • 

Found in China, Egypt, and the Islands in the South 
Seas, where it is cut by the natives into various 
forms. 

b. Saussurite,No. 808. This, which has been called by 
Hafly Felspalh Unace, has also received the names 
Jade , Axe stone , Sec. as synonyms, and is described 
as follows. 

HaOy, 3.95. Phil. 135. Haid. 3.148. Leon. 422. 

Occurs massive. Structure foliated, granular. Cleav¬ 
age parallel to the planes of a Rhombic prism of 
about 124°; Huid. Fracture splintery. Hard. 
5.5. Sp gr. 2.25, 3.35. Nearly opaque. Lustre 
pearly. Colour greenish and greyish-while. Streak 
white. 

Found in Corsica, Stiria, and some other places. 

A more precise examination of these Minerals, and 
t more distinct descriptions and analysed are necessary 
to a correct separation of the several varieties into 
more definite species. Specimens occur in Mineral 
cabinets under some or all of these names, which 
do not agree with any of the published descriptions. 

Iberitk, No. 355. 

An. 3.152. 

Occurs in attached slender, four-sided prisms, with 
terminal faces obliquely truncated, and massive 
with a radiated structure. 

Primary form not sufficiently described, and no mea¬ 
surements given. Cleavage parallel to the axis of 
the prism in two directions. Fracture uneven. 
Very soft. Translucent on the edges of the crystals. 
External lustre nearly dull, internal vitreous. Colour 
while. Adheres slightly to the tongue. 

Found near Teflis in Georgia. 

Is perhaps Lamnonite, or one of the already known 
members of the family of Zeolites, in a state of par¬ 
tial decomposition. 

Idocrase. Vesuvian. Wiluite. Egeran. Red, Frugar- 
ditc. Greenish.yellow, Loboite. Bine, Cyprine. 
No. 291 to 293. 

Huiiy, 2.544. Phil. 33. Haid. 2.354. Leon. 483.484. 

Occurs in attached and imbedded crystals, and mas¬ 
sive. 

Primary form a Square prism. C’ltvsT. fig. 65. Cleav¬ 
age parallel to the primary planes, distinct, and 
less so parallel to the diagonals of the prism. Frac¬ 
ture uneven. Hard. 0 5. Sp.gr. 3.08, 3.4. Trans¬ 
parent, translucent. Lustre vitreu-resiuous. Co¬ 
lour several shades of grey, blue, green, yellow, 
brown, black. Streak white. 

Massive varieties, amorphous. Structure fibrous, gra¬ 
nular, compact. 

Found originally in the neighbourhood of Vesuvius, 
and since in many parts of Europe, and in Asia 
and America. 

Jkffersonite, No. 273. 

Haid. 3.115. Leon. 505, 506. 

Has the form, measurements, and most other charac¬ 
ters of Pyroxene. 

Found near Sparta, New Jersey, North America. 

Ilmenite, No. 350. 

P.M. and An. 10.187. E.P J. n.s. 3.187, 886. 

Occurs in imbedded crystals iu Cleuvelaudite. 

Primary form a Right rhombic prism. Cnvsr. fig. 71. 
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M,M' = 136° 30'. No cleavage observed. Frac- Mineralogy 
lure uneven. Haul. 5.O. Sp.gr. 5.43. Opaque. 

Lustre vitreous. Colour black. 

Found near Lake Ilmen in Siberia. 

Indianitk, No. 315. 

Phil. 44. Haid. 3.113. Leon. 748. 

Occurs in granular masses. Part of a fragment at 
the British Museum having afforded a measure¬ 
ment of 95° 15'on cleavage planes. Hard. 5.0, 

5.5 Sp.gr. 2.74. Bouriinn. Translucent. Colour 
nearly white. 

Found in the Carnatic in India. 

JniDivn. 

a. Osmiuret of Iridium, No. 16. 

Hafiy, 3.234. Phil. 326. Haid.3.114. Leon. 701. 

Occurs in loose hexagonal crystals, and flattened 
grains, accompanying native pfalina. 

Primary form a Rhomboid. Cnvsr. fig. 106. P,P' 
not ascertained. Cleavage perpendicular to the 
axis, very distinct. Hard. 4.5, 5.0. Sp.gr. 19.5. 

Opaque. Lustre metallic. Colour pale steel-grey. 

Found in South America and in the Urulian moun¬ 
tains. 

Inns. 

Aluminale of Iron ? 

a. Skoiuan, No. 149. 

Breit. 88. 

Occurs in amorphous masses, resembling a slag or 
seoria. 

Primary form apparently a Rhombic prism. Cleav¬ 
age uneven. Fracture eonelioiilnl, uneven. Hard. 

8.0, 8.5. Sp.gr. 3.7, 3.8. Lustre vitreous. Colour 
black. 

Found at Biseboffstein in Bavaria and at Seliatiduu 
iu Saxony. 

Cubic Arsenin tv of Iron. 

a . Pll VI makosiderit, No. 409. 

Ilaiiy 4.135. Phil. 211. Haid. 2.162. Lou. 165. 

Occu * iu attached crystals, and sometimes massive. 

Primary form a Cube. Cnvsr. fig. 56. Cleavage 
parallel to the primary planes, indistinct. Fracture 
uneven. Hard. 2.5. Sp.gr. 3.0. Transparent, 
translucent, opaque. Lustre vitreous. Colour 
green of several shades, yellowish-red, yellowish 
and greenish-brown. Stieak a paler colour. 

Massive variily, amorphous, structure granular. 

Found principally in Cornwall, also at St. Leonhard in 
France, at Schwnrtzenberg iu Saxony, and at Frank¬ 
lin, North America. 

Rhombic Arscniatc of Iron, 

a. Skorodite. Martial At scutate of Copper of Bour- 
iion, No. 468. 

Phil. 320, 321. Haid. 3.149. Leon. 166. 

Occurs in attached crjstnls and massive. 

Primary form a Right rhombic prism. Crvst. fig. 

71. M,M'= 120° 10'. Phil. Cleavage, parallel 

to the primary planes, indistinct. Fracture uneven. 

Hard. 3.5, 4 0. Sp.gr. 3.16. 3.2. Transparent, 
translucent, opaque. Lustre vitreous, brighter on 
the naturul than the fractured surfaces. Colour 
bluish and blackish-green, brown, black. Streak 
white. 

Massive varitties, globular, structure fibrous, radia¬ 
ting. 
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Mim-raluty Found iii Cornwall, Saxony, CaTinlhia, and in 
'-—v—*-' more perfect crystals iq, Brazil. 

Berzelius seems to consider the variety from Brazil 
as a distinct species, but as it agrees in measure¬ 
ment with the others, it is probable that the ana¬ 
lysis of more perfect specimens would lead to a 
different conclusion. 

Arseniate of Iron ? 

a. Pittizite. Iron pitch ore. ? Iron sinter? No. 470. 

Pil'd. 236. Haiti. 3.115. Leon. 128. 

Occurs in renifbrin and stulmtide masses. Structure 
compact. Fracture conclioidal. Soft. Sp.gr. 2.4. 
Translucent, opaque. Lustre vitreous. Colour 
brown of different shades. 

Found in Saxony and Silesia. 

An uncertain species, and probably comprehending 
several distinct Minerals, as specimens have been 
received in this Country under these names, differ¬ 
ing from each other in all their physical charac¬ 
ters. 

h. Arsenitc of Iron ? No. 171. 

Biit. Min. 5 273. 

JJesciibed by (iregor as massive, compact to earthy, 
Lustre tlull \vaxv. Colour dull bluish-olive-green. 

Found in Cornwall. 

Carbonate of Iron. 

a. Carbonatg ov Iron. lirouw Spar. Sphalhose 
Jeon. Splidroserlcrit, when botryoidal or globular, 
No. 452. 

llaiiy, 4.113. Phil. 236. Haiti. 2.102. Leon. 296,7. 

Occurs in attached erytals anti massive. 

Piimary form u Rhomboid. Cavsr. fig. 106. P.P' 
= l07°. Cleavage parallel to the primary planes, 
distinct. Fracture imperfect conclioidal. Hard. 
3.5, 4.5. Sp.gr. 3.G, 3.829. Transparent, trans¬ 
lucent, opaque. Lustre vitreous, inclining to pearly. 
Colour while, yellowish, and greenish-grey, yellow', 
red, and brown of different similes. 

Massive, varieties, tabular. Structure fibrous, the 
direction of the fibres nearly perpendicular to the 
Hat surfaces; botryoidal anti globular, structure 
fibrous, diverging; amorphous structure, foliated, 
granular, compact. 

Found in Cornwall, Scotland, and Ireland, anil in 
many metnllilerons veins in other parts of Europe 
mid in America. 

A i alliaceous Carbonate of Iron. 

a. Clay Iii i in Stone. No. 453. 

Haiti. 2.108. Phil. 237. Letm. 235,6 ; 550,1. 

The different clay iron stones appear to be carbonates 
of iron mixed with tlilferenl proportions of silex, 
clay, and other foreign matters. 

Carburet of Iron. 

a. Graphite. Utack Jjeail. l’tumhaqo, No. 42. 

llaiiy, 4 85. Phil. 361. Ilaid. 2.191. Leon. 674. 

Occurs hi imbedded crystals of the form of regular 
hexagonal prisms, and massive. Primary form a 
Rhomboid. Crybt. fig. 106. P,l v unknown. 
Cleavage parallel to the terminal planes of the 
prisms, very distinct, mid the Uunintr flexible. Frac¬ 
ture uneven. Hard. 1.0, 2.0. Sp.gr. 1.8, 2.1. 
Opaque. Lustre metallic. Colour iron or steel- 
grey, or blackish-grey. Streak bluck, shining. 

Massive varieties, in irregular nodules and amor¬ 
phous. Structure foliated, granular, compact 

Found in various parts of Eurojus and America, and 
appears to be intimately related to Anthracite. 


The finest kind found in this Country occurs at Bor- MinerJogjr 
radaile, ill Cumberland. 

The difference of composition between the foliated and 
granular varieties docs not appear to have been 
ascertained. 

b. SiDEHOtmAPHiTE, No. 43. 

Sill. 2.176. Leon. 716. 

Resembles laminated plumbago. Sp.gr. 5.114. Mag¬ 
netic. Consists of metallic iron anil plumbago. 

Found at Sehotdey’s Mountain, New Jersey, North 
America. 

Chromate of Iron. 

a. Chromate of Iron, No. 420. 

Haily, 4.130. Phil. 210. Ilaid. 2.896. Leon. 557. 

Occurs in imbedded octahedral crystals and grains, 
and massive. Primary form a Cube. Cryst. fig. 

56. Cleavage parallel to the planes of the regular 
octahedron. Fracture uneven. Hard. 5.5. Sp.gr. 

4.0, 5.0. Opaque. Lustre imperfect metallic. 

Colour dark brown, black. Streak brown. 

Massive varieties, amorphous. Structure granular, 
the grains sometimes separated by their partitions of 
talc coloured by chromic acid ; compact. 

Found in Scotland, in the Shetland Islands of 
Unst and Fetlar; in France, and other parts of 
Europe; in Siberia, and near Baltimore, at Ho¬ 
boken, New Jersey, and some other places in North 
America. 

Native Iron. 

a. Meleorir? 

Aerolite. Meteorite, No. 1. 

llaiiy, 3 531. Phil. 213. Haiti. 2.442. Leon. 713. 

Occurs disseminated in uei olites or meteoric stones, ami 
in compact and vesicular masses, the cavities being 
sometimes filled with compact olivine, it is abo 
said to have occurred crystallized in the form of the 
regular octahedron. 

Primary form a Cube. Cryst. fig. 56. No apparent 
cleavage. Fracture hackly. Hard. 4.5, Sp.gr. 

6.49, 7.768. Opaque. Lustre metallic. Colour 
pale steel-grey. Streak the same, shining. 

Found in meteoric stones in various parts of the 
World. In compact anti vesicular masses in Siberia, 

Peru, Mexico, North America, the Cape of Hood 
Hope, and in several parts of Europe. Knives of 
meteoric iron were found in possession of some of 
the Esquimaux Tribes in North America. 

b. Terrestrial Native Iron, No. 2. 

Haiiy, 3.531. Phil. 213. Haiti. 2.442. Leon.715. 

Occurs massive in thin plates, ramose or cellular, some¬ 
times covered by brown oxide of iron. Lustre 
metallic. Colour lighter than common iron. 

Found near Grenoble in France, and at Steiubach, 
liibestock, and llamsdorfin Saxony. 

S.J. 12.155. No. 3. 

Occurs as a thin stratum, in a mass of mica slate, 
coated with crystalline graphite. Cleavage uncer¬ 
tain. Hardness the same as metallic iron. Sp.gr. 

5.95, 6.72. Colour less silvery-white than me¬ 
teoric iron. Malleable. 

Found at Canaan, Connecticut, United States. Not 
alloyed with any other metal. 

c. Terrestrial Native Iron containing Arsenic, No. 4. 

S.J. 14 183. Leon. 663 

Cleavage parallel to planes inclining to each other 
at about 120°. Fracture hackly. Hardness nearly 
that of ordinary steel. Sp.gr. 7.337. Lnstrc of 
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Mineralogy the cleavage planes highly metallic. Colour grey- 
ish, silver-white. Malleable. 

Found in Bedford Comity, Pennsylvania, United States. 

d. Volcanic Native Iron, No. 5. 

Phil. 214. 

Found in the Department of Pay de Dome in France, 
in a ravine formed by torrents across the lava and 
scorite of the mountain of Graveneirc. 

e. Terrestrial Native Steel? No. 6. 

S.J. 18.155. 

Found with the native iron at Canaan, Connecticut, 
in small ungular fragments. Structure granular. 
Scratches glass. Colour silvery white. Brittle. 
f Volcanic Native Steel ? No. 7. 

Phil. 214. 

Found near La Bouiche, in the Department of Allier, 
France, near a coal mine which appeared to have 
undergone spontaneous combustion. 

Oxalate of Iron, 
a. IIumboi.dtine, No. 591. 

Unity, 4.139. Phil. 242. Iluid. 3.110, Leon. 789. 

Occurs crystalline and massive. Primary form not 
ascertained. Soft. Sp.gr. 1.3. Opaque. Dull. 
Colour brightish yellow. 

Massive variety, small, flaltish, renitbrm pieces. Struc¬ 
ture fine earthy. 

Found near Bilin in Bohemia. 

Oxydulous Iron, 
a. Magnetic Ibon, No. 126. 

Hatty, 3.560. Phil. 221. ITaid. 2.399. Leon. 554. 

Occurs in attached and imbedded crystals, arenaceous 
and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, 
distinct, but in some varieties not obtainable. Frac¬ 
ture conchoidul, uneven. Hard. 5.5.6.5. Sp.gr. 
4.4, 5.1. Opaque. Lustre metallic, occasionally 
bright. Colour iron-black. Streak black. 

Massive varieties, amorphous. Structure granular tu 
compact. 

Found in several parts of North and South America 
and Europe, and in the East ladies and China. 

Titanium is frequently contained in magnetic iron, 
but the varieties containing it have uot hitherto been 
well distinguished. 

Oxide of Iron. 

a. Crystallised and retaining the metallic lustre. 

Omgistr Iron. Specular Iron. Micaceous Iron, 
No. 125. 

Ilauy, 4.5. Phil. 224. 11 aid. 2.404. Leon. 545. 

Occurs in attached crystals and massive. 

Primary form a Ilhomboid. Cuvst. fig. 106. P,P'= 
86° 10'. Cleavage parallel to the primary planes, 
and perpendicular to the axis. Fracture uneven, 
conchoidal. Hard. 5.5, fi.5. Sp.gr. 5.0, 5.251. 
Opaque. Lustre metallic. Colour deep steel-grey 
to iron-black, frequently with a brilliaut iridescent 
tarnish on the surface. Streak red, and reddish- 
brown. Slightly magnetic. 

Massive, varieties, amorphous, structure foliated. 

Found in the Isle of Elba, and in muny other parts 
of Europe. It also occurs in the lava of Auvergne 
in France, and in that of Vesuvius. 
h. Crystallized, but without metallic lustre, the crystals 
being very minute and thin, and frequently trans¬ 
parent 

Goetuitk. Pyrosidtrite. Iron Froth. 


A L O G Y. 

The first of these varieties occurs in \crv thin, trails- Mineralogy 
parent, crystalline plates, j„ the cavities ,.t t>i. u k 
Hematite. 1 he iron troth c n 11 m . i ■ ,>( veiv thin, 
brownish-red, scaly particles, which are slightly in¬ 
herent, with a greasy teel, ami staining the lingcis. 

It is found plentifully in Devonslme ami Lancashire, 
and generally accompanies other vaiielies ol this 
species. 

c. Fibrous, compact, and earthy masses. 

Red Hematite. 

Leon. 548. 

1. Occurs in globular and botryoidalshapes. Struc¬ 
ture fibrous, generally radiating. Sp.gr. 4.7, 5 0. 

Opaque. Sometimes with a metallic lustre exter¬ 
nally ; sometimes dull. Internally nearly dull. 

Colour externally bluish-grpy, greyish-red, red; 
internally red. Streak red. 

Found at Ulverstone in Lancashire, in considerable 
quantities, and in other parts of Great Britain and 
Europe. 

2. Amorphous masses. Structure compact, and 
sometimes slaty. Sp gr. 3.5, 5.0. Fracture con¬ 
choids). Lustre and colour nearly the same us 
the preceding variety. 

3. Red ochre. Red clay-iron-stone, generally found 
in compact and earthy masses. The distinguish¬ 
ing character is the shining m/ stain they pioduce 
on the lingers. 

O ride ofTron, Zinc, and Manganese, 
a. Faankmnite, No. 127, 

Phil. 226. Haul. 2.403. Leon. 551, 

Occurs in attached crystals, granular and massive. 

Primary form a Cube. Ciiy.st. fig. 56. Cleavage pa¬ 
rallel to the planes of the regular octahcdton, very 
indistinct. Fracture conchoidal. Hard. 6.0, 6.5. 

Sp.gr. 4.87, 5.09. Opaque. Lustre metallic. 

Colour iron-black. Streak deep red-brown. Mag¬ 
netic without polarity. 

Massive, varieties, amorphous. Structure granular, 
compact. 

Found at Franklin, New Jersey, North America. 

Oxide of Iron and Lead, 
a. Reudantite, No. 136 

An. n.s 11.195. Leon. 722. 

Occurs in small aggregated crystals. 

Piimary form a Rhomboid, Cuvst. fig. 106. P'= 

92° 30'. Cleavage perpendicular to the axis. Hard. 

4.0, 5.0. Nearly opaque. Lustre re-iuous. Colour 
black; in thin fragments deep brown. Powder 
greenish-grey. 

Found at Horhauscn on the Rhine. 

Nepheline lias also been named Beudantitc. 

Hydrate- of lion. 

a. Hydrous Oxiiik of Iron, lirown Iron-ore. Slilp- 
nosiderite? No. 143. 

Hatty, 4.1,01. Phil. 226. 230. llaid. 2.411. Leon. 

230. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Ciivkt. fig. 71. 

M,M' =s 95° 14'. Levy. Cleavage parallel to the 
short diagonal. Fracture uncertain. Hard. 5.0, 

5.5, Sp.gr. 3.93. Nearly opaque. Lustre ada¬ 
mantine. Colour brown, of various similes. Streak 
yellowish-brown. 

Massive varieties, llrowu hematite, globular, roinTortii, 
and some of the varieties of brown and vellow clay- 
iron-stone. Stalaclitic, stiacturc fibrous, <u libto- 
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Mineialogy laminar. Sometimes in pscudomorphous crya- 

Found in good crystals in Cornwall,and the other va¬ 
rieties in most parts of the World. 

Oxide of Iron and Manganese ? 
a. Umber, No. 128. 

Phil. 232. II aid. 3.186. 

Occurs massive, amorphous. Structure earthy. Frac¬ 
ture conchoidnl. Soft. Sp gr. 2.2. Opaque. Dull. 
Colour yellowish and reddish-brown. 

Found in the Isle of Cyprus, 

Phosphate o f Iron. 

a. Vimanitk, ltlue Iron, No. 488. 

Jluiiy, 4 126. Phil 238. Iluid. 2.189. Leon. 137, 284. 

Occurs in attached crystals, in imbedded crystalline 
aggregations, and massive. 

Primary form an Oblique rhombic prism. Cryst. 
tig. 83. P,»l = 105° 19'. M,M'=10S°. Levy. 

Cleavage parallel to the oblique diagonal. Frac¬ 
ture indistinct. Hurd. 1.5, 2.0. Sp.gr. 2.66, 2.70. 
Transparent, translucent. Lustre vitreous. Colour 
various shades of blue and green. Streak lighter 
colour. 

Massive varieties, aggregations of crystalline particles, 
or globular and amorphous earthy masses. 

Found crystallized ill Cornwall, at Bodcnmais in Ba¬ 
varia, in Brazil, in New Jersey, North America, 
and ill some other places. 

The compact earthy varieties occur in several parts of 
Europe and America. 

b, Kau ptio.siuearns ? No. 489. 

EJ.S.8.1SI. 

Occurs in reniform masses. Structure granular, com¬ 
pact. Hard. 4 0, 4 5. Sp.gr. 2.5. Opaque. Lus¬ 
tre resinous. Colour pale and blight straw-yellow. 
Streak the same. Shining. Feels greasy. Much 
resembles iron sinter. 

Found in Greenland. 

Seller late of Iron and Manganese, 
a. Wolfram, No. 414. 

daily, 4.366. Phil. 255. Haul. 2.387. Leon. 313. 

Occurs in attached and imbedded crystals, massive, 
and pseiidoinorphotis. 

Primary form an Oblique rhombic prism. CnvsT. fig. 
83. P,M' = 110°. 50'. M,M' = 101° 5'. Cleav¬ 
age parallel to the terminal plane and to both its 
diagonals, that through the oblique dingonul very 
distinct. Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 
7.1, 7.3. Opaque. Lustre impel feet metallic. 
Colour dnrk brown, brownish-black. Streak dark 
brown. 

Massive varitties, amorphous, structure crystalline, 
columnar. The pscudomorphous crystals are octa¬ 
hedrons resembling those of Scheclatc of lime. 

Found very generally in tin mines, and in other veins 
in primitive rocks. 

Silicate of Iron, 
a. Cbonstedtite, No. 281. 

Phil. 227. Huid. 3.90. Leon. 211. 

Occurs in small, thin, attached hexagonal prisms, 
sometimes in radiuling groups, and tnussive. Pri¬ 
mary form a Rhomboid. Cryst. fig. 106. Cleav¬ 
age perpendicular to the axis, distinct. Hard. 2.0, 
2.5. Sp.gr. 3.348. • Opaque. Lustre vitreous. 
Colourblack and brownish-black. Streak dull green. 

Massive .variety, reniform. Structure fibrous. 

Found near Przibruni in Bohemia, and in Cornwall. 


6. Side Rose his olite, No. 175. Mineralogy 

E.J.S. 2.371. Leon. 778. '-~v— 

Occurs in small three-sided and six-sided pyramids 
attached by their apex. Cleavage parallel to the 
base of the pyramids. The faceot cleavage smooth, 
the planes of the pyramids convex. Hard. 2.0, 

3.0. Sp.gr. probably above 3.0. 

Supposed to be a variety of Cronstedtite by Dr. Wer- 
nekingk, but the description is too imperfect for an 
exact comparison. 

Found at Conhonas do Campo, Brazil. 

c. Tiihaulitk, No. 176. 

E J.S. n.s. 1.185. 

Occurs in amorphous masses, accompanying iron 
pyrites, at Bodcnmais, in Bavaria. Structure curved, 
foliated. Cross fracture uneven. Nearly opaque. 

Lustre vitreo-resinous. Colour brownish-black. 

d. Nontronite, No. 177. 

E.J.S. 10.150. 

Occurs in smull nodules imbedded in an ore of man¬ 
ganese. Fracture earthy. Opaque. Dull. Colour 
pale yellow, sometimes greenish. Streak shining. 

Unctuous to the touch and very tender. 

Found near the village of St. Pardoux, Arrondisse- 
tneut of Nontron, Department of Dordogne, France. 

c. Ciilorofal, No. 174. 

Phil. 378. Huid. 3.85. Leon. 179. 

Occurs massive, amorphous. Structure compact, 
sometimes earthy. Fracture conclioidal, uneven. 

Hard. 3.0, 4.0. Sp.gr. 1.8, 2.0. Opaque. Lustre 
of the compact variety dull resinous. Colour green, 

- sometimes reddish-brown. 

Found near Uiigliwur, in Hungary. 
f. Green Ihon-i artu ? No. 857. 

Haid. 3.106. Leon. 237. 

Occurs reniform, botryoidal, globular, and amor¬ 
phous. Surface smooth. Structure thin fibrous, 
curved lamellar, compact, sometimes pulverulent. 

Lustre resinous. Colour green, of several shades. 

Streak yellowish-grey. 

Found at Selmceberg, in Saxony, and is a very im¬ 
perfectly determined species. 

The specimens which have appeared in this Country 
as green iron-earth are yellowish-green, with a fine 
granular Tincture. 

Silicate of Iron and Lime, 
a. Yi.nite. Ilvaite, No. 280. 

llaiiy, 4.91. Phil. 24. Haid. 2.414. Leon. 528. 

Occurs in attached crystals and massive. 

Primary form a Right rhombie prism. Crvst. fig. 

61. M,M'= 111® 30'. Cleavage parallel to the 
long diagonal of the prism. . Fracture uneven. 

Hard. 5.5, 6.0. Sp.gr. 3.8, 4.0. Opaque. Lustre 
vitreous. Colour black, sometimes brownish or 
greenish. Streak the same. , 

Massive varieties, amorphous, structure columnar, 
compact. 

Found principally at Rio la Marina, and Cape Ca- 
lamita in the Isle of Elba, and in Silesia, Norway, 

Siberia, and North America. 

Sulphate of Iron. 

a. Mel ante rite. Green vitriol, No. 540. 

Hafly, 4.140. Phil. 240. Ilaid. 2.41. Leon. 112. 

Occurs in attached crystals, massive, fibrous, and 
earthy, resulting from the decomposition of other 
Minerals. 

Primary form an Oblique rhombic prism, P.M as 99° 
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Mineralogy 20'. M,M' =-- 82° 20'. Cleavage parallel to all the 
>—■primary planes. Fracture conclioidal. Hard. 2.0. 

Sp.gr. 1.832. Transparent, translucent. Lustro 
vitreous. Colour green, of several shades, yellow, 
and yellowish-brown. Streak white. Taste sweet¬ 
ish and astringent. 

Massive varieties, amorphous, structure granular, bo- 
tryoidal, reniform, stalactitic. Structure fibrous; in 
thin fibres, filling the fissures of decomposing shale. 

Found in most mines in which sulplmret of iron 
occurs, and is frequently produced on the surface 
of cabinet specimens. It is also found in coal 
mines. 

Red Sulphate of Iron ? 
a. Botrvoqene, No. 511. 

E.J.S. 9.48. 

Occurs in attached and aggregated crystals, the ag¬ 
gregations forming globular, botryoidal, and reni- 
form shapes, with n crystalline surface. 

Primary form an Oblique rhombic prism, P,M = 

113° 37'. M,M' = 119°56'. Cleavage parallel to 
M,M', distinct, and indistinct parallel to another 
prism of 81° 44'. Hard. 2.25, 2.5. Sp.gr. 2.039. 
Translucent. Lustre vitreous. Colour deep yellow¬ 
ish-red, yellow. Streak yellow. Less soluble than 
green sulphate. 

Found in the great copper mine at Fahltin in Swe¬ 
den. 

Persulphate of Iron ? 
a. Misy, No. 543. 

E.J.S. 9.51. 

Occurs in the form of a yellow crystalline powder at 
Falilun in Sweden, and at Goslar in the Hartz. 

Cubic Siilphnrrt of Iron, 
a. Iron Pyrites, No. 72. 

Iiauy, 4.38. Phil. 217. Ilaid. 2.457. Leon. 657. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form a Cube. CnvST. fig. 56. Cleavage 
parallel to the primary planes, distinct, less so pa¬ 
rallel to the planes of the regular octahedron. 
Fracture uneven. Hard. 6.0, 6.5. Sp.gr. 4.60, 
5.03. Opaque. Lustre metallic. Colour brass- 
yellow. Streak brownish-black. 

Massive varieties, amorphous; structure granular, 
compact. Globular, and stalactitic; the surface 
drusy; structure fibrous or columnar, radiating. 
Occasionally in separate fibres. 

Found in most parts of the World, and in some mining 
districts in great abundance. 

It sometimes contains gold ; and in Sweden. Bohemia, 
and Anglesey in this Country a pale yellow vuriety 
occurs in granular masses, containing selenium. 

Prismatic Sulphuret of Iron 
a. White Iron Pyrites, No. 73. 

Iiauy, 4.68. Phil. 220. Haul. 2.462. Leon. 660. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M.M' = 106° 2' Cleavage parallel to M and M', 
distinct. Fracture uneven. Hard. 6.0, 6.5. Sp.gr. 
4.678. Opaque. Lustre metallic. Colour pale 
■whitish, greenish, or greyish-yellow. Streak greyish- 
black. 

Massive varieties, botryoidal, reniform, stalactitic, 
and amorphous. Surface drusy. Structure di¬ 
verging, fibrous, or columnar. 

Found in most mining districts. 

VOL. VI. 


Magnetic Sulphuret of Iron. Mineralogy 

Magnetic Iron Pviutes, No. 74. ' 

Huuy, 4.64. Phil. 221. Ilaid. 2.165. Leon. 663. 

Occurs in imbedded hexagonal crystals, and massive. 

Primary form a Rhomboid. Tryst, fig. 106. P.l*' 

not ascertained. Cleavage parallel to all the planes 
of a regular hexagonal prism. Fracture uneven. 

Hard. 3.5, 4.5. Sp.gr. 4.631. Opaque. Lustre 
metallic. Colour pale yellowish and brownish-red. 

Liable to tarnish. Streak greyish-blaek. 

Massive varieties, amorphous. Structure foliated, 
granular, compact. 

Found crystallized, accompanying native silver in 
Norway and the Hartz. Massive in Cornwall, 

Wales, North America, Bavaria, Saxony, and many 
other places. 

Suipho-arsenivret of Iron, 
a. Mispickel. Arsenical Iron, No. Ill. 

Hauy, 4.29. Phil. 215. Ilaid. 2.448. Leon. 663. 

Occurs in attached or imbedded crystals and massive. 

Primary form a Right rhombic prism. Ciiyst. fig.7J. 
M,M'=111° 12'. Cleavage parallel to the pri¬ 
mary planes. Fracture uneven. Hard. 5.5, 6.0. 

Sp.gr. 6.127. Opaque. Lustre metallic. Colour 
tin-while, sometimes with a yellowish tarnish. 

Streak greyish-black. 

Massive varieties, amorphous. Structure columnar, 
granular, compact. 

Found in most metallic veins in the older rocks. 

Sulphuret of Iron and Arsenic, 
a. llurrENtiknuiTE. Arotomons Arsenical Pyrites, No. 

112 . 

Ilaid. 2.448. 

Occurs crystalline and massive. 

Primary form a Right rhombic prism, Cnvsr. fig. 71. 

M.M' 122° 26'. Cleavage distinct, perpendicu¬ 
lar to the axis of the prism. Fracture uneven. 

Hard. ft.O, 5.5. Sp.gr. 7 228. Opaque. Lustre 
metallic. Colour greyish-silver-whitc. Streak 
grey ish-black. 

Massive varieties, amorphous. Structure columnar, 
radiating, granular, fibrous? compact. 

Found near Ilfittcnburg in C’uritithia, at Rciclicustcin 
in Silesia, and at Schladmiiig in Stiria. 

Titaniatc of Iron. 

A very indiscriminate class of iron ores, some crystal¬ 
lizing in Cubes anil others in Rhomboids, and 
requiring a careful revision. 

The following descriptions have been given of some 
of the varieties. 
a. Iron Sand, No. 389. 

Ilaid. 2.402. Leon. 363. 554. 

There are so many loose, granular, and sandy va¬ 
rieties of iron ore found in alluvial soil, that no 
general description can lie given which will com¬ 
prehend them all. They generally contain tita¬ 
nium, but occasionally consist of magnetic or oii- 
gislic iron only. 

h. Iserine. In larger grains, containing about 28 per 
cent, of oxide of Titanium. 

c. Menaccanite. Containing about 15 per cent. 

d. Nigrine, No. 390. 

Phil. 253. Ilaid. 2.376. Leon. 362. 

Haidinger describes this ns Rutile; but specimens 
received in this Country as Nigrine, are altogether 
different, and resemble Menaccanite in lustre, 
colour, and uppearance of the fractured surfaces. 

3 o 
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species. 

e. Axoroxious Ihon, No. 891. 

Ilaid. 2.397. Leon. 366. 

Primary form a Rhomboid. Cryst. fig. 106, P,P' 
= 85° 40' nearly. Cleavage perpendicular to 
the axis, distinct Fractale conclioidal. Hard. 5.0, 
5.5. Sp.gr. 4.66. Opaque. Lustre imperfect, 
metallic. Colour black. Streak black. 

Found at Gasteiu in Salzburg, in Sweden, and in 
Siberia. 

f . Crichtonite, No. 39-2. 

Haiiy, 4.98. Phil. 261. lluid. 2.899. Leon. 367. 

Occurs in attached crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
— 61°20', or 85° 40', nearly, according to the planes 
assumed to lie the primary, there being no apparent 
cleavage planes parallel to either set. Cleavage, 
perpendicular lo (he axis. Fracture conclioidal. 
Hard. 4.5. Sji.gr. 4.0. Ojiuqtio. Lustre imper¬ 
fect metallic. Colour black. Streak black. 

Found at Oisans in France. 

The cleavage and other characters render it probable 
that this may not differ chemically from the axoto- 
mous iron of Molts. 

g. Moiisrrn, No. 393. 

P.M. and An. 1.221. 

Occurs ill attached tnaclcd crystals. 

Primary form a Rhomboid. Ciiyst. fig. 106 P.P'— 
73' 13'. No apparent, cleavage. Fracture eon- 
clioidal. Hard. 5.5. Ojiaqiie. Lustre metallic. 
Colour black. Streak black. Not magnetic. 

Found in Datijiliiuy, France. 

IhOVYHK, No. 310. 

P.M. and An. 3.70. 

Occurs iu amorphous masses in granite. Fracture 
conclioidal. Hard. 5.5, 6.0. Sp gr. 2.912. Nearly 
opaque. Lustre vitreous. Colour black, or greyish- 
black, sometimes doited with red. Streak greenish- 
grey. Slightly magnetic. 

Found in the Western jiart of Cornwall, where it had 
been called black opal. 

Ittnkiiitk, No. 211, 

Leon, 749. 

Occurs crystallized in Rhombic dodecahedrons and 
massive. Structure compact. Fracture uneven. 
Hard. 5.5. Sp.gr. 2.3. Lustre resinous to vi¬ 
treous. Colour grey of different shades. 

Found at Kaiserstuhl ill Swabia. 

Kakoxene, No. 503. 

E.J.S. 5.163. T.eon. 749. 

Occurs in thin fibrous radiating tufts or plates filling 
narrow fissures in a cluycy-browu ironstone at 
rovv in liohcuiia. Colour yellow of several shades 
and sometimes brownish-red. 

Karimiomtk, No. 312. 

Phil. 22. Ilaid. 3.116. Leon. 209. 

Occurs in slender crjstals ami silky fibres. 

Primary form unknown. Sp.gr. 2.955. Lustre of 
the crystals vitreous, of the fibrous masses silky. 
Colour yellow, sometimes pale. 

Found at Schlackcnwalde in Bohemia. 

Keffe kill ite, No. 359. 

Leon. 181. 

A Mineral from the Crimea, so named by Fisher of 
Moscow, not analyzed or described. 


Kiu.inite, No. 223. Mineralogy 

Phil. 322. Haiti. 3.117. Leon. 750. v—' 

Occurs in imbedded imperfect crystals and massive. 

Cleavage parallel lo the lateral planes and short dia¬ 
gonal of a rhombic prism of about 135°. Phil. 

Fracture uneven. Hard. 4.0. Sp.gr. 2.698. Trans¬ 
lucent, opaque. Lustre dull vitreous. Colour 
brownish or yellowish-green, or greenish-grey. 

Streak yellowish-white. 

Massive variety, amorphous, structure columnar, pro¬ 
miscuously urratiged. 

Found at Killiney near Dublin, Ireland. 

Knebeute, No. 288. 

Phil. 206. Haiti. 3.119. Leon. 751. 

Occurs massive, with a cellular and uneven surface. 

Fracture imperfectly conclioidal. Hard. Brittle. 

Difficultly frangible. Sp.gr. 3.714. Opaque. 

Lustre glistening. Colour grey, with spots of dirty 
white, brownish-red, brown, and green. 

No locality given. 

Labiiadorite. Labrador Felspar. Felspath Opaline, 

No. 234. 

Hauy, 3.94. Phil. 115. Ilaid. 2.257. Leon. 430. 

Occurs in rolled or imbedded crystalline masses. 

Cleavage parallel to all the planes of a Doubly 
oblique prism. Cuvsr. fig. 95. P,M = 93° 55'. 

P,T — 114° 26'. M,T= 120°40' Fracture uneven. 

Hard. 5.5, 6.5. Sp.gr. 2.69, 2.76. Translucent. 

Lustre vitreous. Colour grey, white, with rich iri¬ 
descent colours in particular directions. 

Found principally in rolled masses on the coast of 
Labrador, aud in Devonshire imbedded in a trap 
rock. The white variety, which may possibly be 
Cleavclamlite, is Irom Greenland. 

The above measurements, which were taken on distinct 
but not bright cleavage planes, approach so very 
nearly to those of Cleavelandite as to create a doubt 
whether they really differ. 

Latrouite. Diplnite. Amphodelite f No. 316. 

Phil. 380. Ilaid. 3.118. Leon. 465. 

Occurs in attached and imbedded crystals and massive. 

Primary (brm u Doubly oblique prism. Cnvsr. fig. 

95. Measuring 91°, 93° 30', and 98° 30', nearly. 

Cleavage parallel to all the primary planes. Frac¬ 
ture uneven. Hard. 5.0, fi.0. Sp.gr. 2.72, 2.8. 
Translucent. Lustre vitreous. Colour pale red. 

Found at Amitoklsland, Labrador, aud in Finland. 

Lauaioni it:, No. 217. 

llaiiy, 3.151. Phil. 45. Ilaid. 2.234. Leon. 200. 

Occurs ill attached aud aggregated crystals and massive. 

Primary form an Oblique rhombic prism. Crvst. fig. 

83. P.M =i 113° 30'. M,M' = S(P 15’. Cleavage 
parallel to M,M', distinct. Fracture uneven. Sp.gr. 

2.2. Translucent, opaque. Lustre vitreous. Colour 
greyish, yellowish, reddish-white. Streak white. 

Massive varieties, amorphous, structure granular. 

By exposure to the uir it loses its water of crystalliza¬ 
tion, and becomes friable. 

Found at Huelguel in Brittany, in Hungary, Faroe, 

Iceland, Scotland, and Ireland. 

Lava, No. 250. 

Leon. 181. 413. 

Occurs as a volcanic product in more or less compact 
or vesicular masses. Fracture uneven. Hardness 
and Sji.gr. variable. Translucent, opaque. Lustre 
vitreous. Colour greyish and greenish-black, brown, 
red, grey. 



MINERALOGY. 


499 


Mineralogy Found at Vesuvius, Etna, and other volcanos. 

' Lazui.ite. Lapis Lazuli, No. 564. 

llafiy, 3.54. Phil. 44. Haiti. 2.288. Leon. 136.460. 

Occurs in imbedded dodecahedral crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron, 
indistinct. Fracture uneven. Hard. 5.5, 6.0. Sp.gr. 
2.76, 2.94. Translucent, opaque. Lustre vitreous. 
Colour blue of different shades. Streak paler blue. 

Massive varieties. Amorphous, sometimes in small 
imbedded grains; structure fine granular, compact. 

Brought from Persia and China, but neither its locality 
nor its geological relations are known. 

Used in the manufacture of ultramarine, and in jewel¬ 
lery, as ornamental stones 

Lead, 

Aluminale af Lead, 
a. Pi.o>mooMME, No. 151. 

llafiy, 3.410. Phil. 338. If aid. 3.140. Leon. 229. 

Ocems in small globular and reniforin masses, com¬ 
posed of thin concentric layers. Structure of the 
layers indistinctly fibrous. Fracture uneven. Hard. 
4.5, 5.0. Translucent. Colour yellow, sometimes 
brownish. 

Found at Huelguel in Brittany. 

Arseniate nf Lend. 

a. Goui.aniute. lUriiiiere when in reniform masses, 

No. 475. 

Ilniiy, 3.385. Phil. 315. Haul. 2.133. Leon. 272. 

Occurs in attached crystals, in the form of regular 
hexagonal prisms, frequently with convex lateral 
planes, and massive. 

Primary form a Rhomboid. Ciiyst. fig. 106 Cleav¬ 
age parallel to the lateral planes of the hexagonal 
prism. Hard. 4.0, 5.0. Sp.gr. 5.0, 6.4. Trans¬ 
parent, translucent. Lustre resinous. Colour 

pale dull yellow, yellowish and reddish-brown. 

Massive, varieties, reniform, structure compact. Frac¬ 
ture couchoidal. Sp.gr. 3.9. Opaque. Lustre 

resinous. Colour brownish-red. From Nertschinsk 
in Siberia. 

Found in Cornwall, at St. Prix in France, and in a 
few other places. 

b. Aiisenite of Lf.ad ? No. 476. 

Specimens of a pale yellow substance in fine fibres, 
soil, mid easily reducible to an impalpable powder, 
have passed under this name, but we do not find 
any published account of it. 

Carbonate of Lead, 
a. Carbonate of Le\o, No. 458. 

llafiy, 3.365. Phil. 338. Ilaid. 2.130. Leon. 290. 

Occurs in attached crystals, in aggregations of colum¬ 
nar crystals, and massive. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' — 117° 14'. Cleavage parallel to all 
the primary planes. Fracture couchoidal. Hard. 
3.0, 3.5. Sp.gr. 6.465. Transparent, translucent. 
Lustre adamantine on the cleavage planes, resinous 
on the fracture surfaces. Colour generally white, oc¬ 
casionally grey, yellow, green, bluck. Streak white. 

Massive varieties, amorphous; structure columnar, 
granular, compact. 

Found in most lead mines, and occasionally in those 
of other metals, in many parts of Europe, Asia, 
and America, and used as an ore of lead. 


Chloride of Lead. Mineralogy 

a. Chloride op Lead, No. 63. 

Occurs in small, thin, flat, white, opaque crystals, ac¬ 
companying inurio-carbouate of lead from Cm mvull. 

b. Chi loro-carbonate of Lead. Murio-carbonatc oJ' 

Lead, No. 65. 

llafiy, 3.374. Phil. 343. Haul. 2.150. Leon. 294. 

Occurs in attached crystals. 

Primary form a Square prism. Cryst. fig. 65. Cleav¬ 
age parallel to the primary planes, distinct. Frac¬ 
ture uneven. Hard. 2.5, 3.0. Sp.gr. 6.0. Trans¬ 
parent. Lustre adamantine. Colour white, pale 
grey, yellow, and green. Streak white. 

Found at Matlock, Derbyshire, and in Cornwall. 

c. Berzelite. Chloro-a ride. of Lead, No. 64. 

Haul. 2.151. Leon. 416. 

Occurs in crystalline amorphous masses. Cleavage 
parallel to the lateral planes, and short diagonal of 
a rhombic prism of 102° 30'. Fracture uneven. 

Hard. 2.5, 3.0. Sp.gr. 7.077. Translucent. Lustre 
adamantine. Colour yellowish-white, pale yellow, 
and red. 

Found near Churchill, in the Mendip Hills, Somer¬ 
setshire. 

Chromate, of Lead, 
a . ('ii non ate of Lead, No. 421. 

Ilniiy, 3.357. Phil. 349. Ilaid. 2.137. Leon. 337. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,M = 99° 1 O'. M,M' =93° 30'. Clcav - 
age parallel to the primary planes, indistinct. Frac¬ 
ture uneven. Hard. 2.5,3.0. Sp.gr. 6.001. Trans¬ 
parent, translucent. Lustre adamantine. Colour 
red. Streak orange-yellow. 

Massh'e. varieties, amorphous; structure columnar, 
granular. 

Found principally at Berezof in Siberia, ami recently 
in Brazil. 

Chromate of Lead and Copper 
a. Vauquelinitk, No. 422. 

Phil. 350. Ilaid. 3.107. J.con. 339. 

Occurs in minute attached crystals, and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 

83. Fracture uneven. Hurd. 2.5, 3.0. Sp gr. 

5.5, 5 78. Nearly opaque. Lustre adamantine. 

Colour greenish-black, black. Streak greenish. 

Massive varieties, botryoidal, reniform, amorphous ; 
structure fine granular, compact. 

Found at Bere/.ot in Siberia, with chromate of lend. 

Molybdate of Lead, 
a. Cartntiiitf., No. 417. 

llafiy, 3.397. Phil. 348. Haid.2.140. Leon.840. 

Occurs in attached crystals and massive. 

Primary form a Square prism. Cryst. tig. 65. 

Cleavnge parallel to the primary planes, and to 
those of Mod. r . Cryst. li". 68. Fracture un¬ 
even. Hard. 3.0. Sp.gr. 6.700. Transparent, 
translucent. Lustre resinous. Colour yellow of 
different shades, greenish-red, and red. 

Found chiefly in Carinthin, also in Austria, Hungary, 
and in North America, The red at Moldawn in 
the Bunuat. 

O vide of Lead with Molyb. Curb. Mur. Ph»*p. 
and Chromir Acids, 
a. Pamplonitb, No. 118. 

E.N.P.J. 12.112. 

Occurs in small amorphous concretions in a decom - 
3 u 2 
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, M'.-icralogy posed syenite. Heavy. Sp.gr. 6.0. Colour green- 
ish-yellow. 

Found in the Paramo Rico, near Pamplona, South 
America. 

Native Lead, 
a. Native Lead, No. 10. 

Phil. 332. Haul. 3.129. Leon. 695. 

Occurs in small, amorphous, imbedded masses in lava 
or some other fused substances. Fracture hackly. 
Hard. 1.5. Sp.gr. 11.35. Opaque. Lustre me¬ 
tallic. Colour lead-grey. Streak shining. 

Found in Madeira and some other places, and at 
Alston in Cumberland. 

Red Oxide nf Lead. 

«.Nativk Minium, No. 135. 

Hatty, 8.352. Phil. 337. Leon. 559. 

Occurs in compact and pulverulent amorphous masses, 
supposed to arise from the decomposition of ga¬ 
lena. Hard. 2 0, 2.5. Sp.gr. 4.6. Dull. Colour 
bright red. 

Found in Yorkshire, in Swabia, Siberia, and some 
other places. 

Yellow Oxide of Lead, 
a. Native Massicot, No. 134. 

An. 5.47. Leon. 

Occurs in amorphous masses. Fracture earthy. 
Brittle. Sp.gr. 8.0. Opaque. Dull externally, 
internally semi-metallic. Colour yellow. 

Found at Eschwciler. 

P/lniphate of Lead. 

a. PvnnMoitiMiirE, No. 493. 

Hatty, 3.395. Phil. 314. Haid. 2.133. Leon. 272. 

Occurs in attached crystals, generally in the form of 
regular hexagonal prisms, frequently with the 
lateral planes convex, sometimes slender and fasci¬ 
culated ; and massive. 

Primary form a Rhomboid. Ciiynt. fig. 106. Cleav¬ 
age parallel to all the planes of the prism, and to 
the truncation of its terminal edges. Fracture un¬ 
even. Sp.gr. 7.09S. Transparent, translucent. 
Lustre resinous. Colour grey, green, brown. 

Massive varieties, globular, reniform, botryoidal ; 
structure fibrous. Amorphous structure fibrous, 
granular, compact. 

Found in most lead mines. 

b. PlIOSPIIATO-AHSENIATB of Leao, No. 494. 

Hatty, 3.3S5. Phil. 345. Ilakl. 2.133. Leon. 272. 

Occurs in attached and aggregated crystals similar in 
form and most other characters to phosphate. Co¬ 
lour various shades of yellow. 

Schee/ate of Lead, 
a. Sciieklate of Lead, No. 415. 

Phil. 350. Ilaid. 3.165. Leon. 345. 

Occurs in attached and aggregated crystals. 

Primary form a Square prism, (Cryst. fig. 65,) of the 
same dimensions as that of Molybdate of lead. 
Clcauige perpendicularly the axis of the prism, and 
parallel to planes of Mod. c, Chvst. fig. 69. Frac¬ 
ture conchoidul. * Hard. 3.0. ~ Sp.gr. 8.0. Trans¬ 
lucent. Lustre resinous. Colour yellowish and 
brownish-grey. 

Found at Zinncwald in Bohemia, and Iileiberg in 
Cariuthia. 

Seleniuret of Lead, 
a . Skleniurbt op Lead, No. 47. 

An. n.s. 10.233. 284. Leon. 590. 

Occurs in amorphous masses ; structure granular, and 


nearly resembling fine-grained galena. Softer than Mineralogy 
galena. Sp.gr. 7.697. Opaque. Lustre metallic, 
rather dull. Colour more blue than galena. 

Found at Clansthal and Tilkerode in the Ilartz, ac¬ 
companied by some of the following varieties* 

b. Seleniuret of lead and cobalt, No. 48. 

c. ... ... copper, No. 49. 

d. Cupriferous seleniuret of lead, No. 50. 

e. Seleniuret of lead and mercury. No. 51. 

f ... ... copper and silver, No. 52. 

These are said to resemble seleniuret of lead so nearly 
as to be scarcely distinguishable from it. 

Sulphate of Lead, 
a. Anomssitk, No. 548. 

Hatty, 3.402. Phil. 346. Ilnid. 2.142. Leon. 249, 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 103° 42'. Cleavage parallel to the 
primary planes. Fracture conehoidal. Hard. 

2.5,3.0. Sp.gr. 6.298. Transparent, translucent. 

Lustre approaching to adamantine. Colour white, 
sometimes greyish, yellowish, greenish, grey, and 
brown of several shades, black. Streak white. 

Massive varieties, amorphous, structure laminar, 
granular, compact. 

Found in lead and copper mines at Lead hills, Scot¬ 
land, in Anglesey, in Cornwall, the Hartz, and 
oilier places in Europe, and in North America. 

Cupreous Sulphate of Lead, 
a. LiNARirn, No. 549. 

Phil. 317. Ilaid. 2.113. Leon. 251. P.M. and 
An. 10.267. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,M = 9G°25'. M,M'=6r. Cleavage 
parallel to P, and to the horizontal diagonals of the 
terminal planes. Fracture uneven. Hard. 2.5, 3.0. 

Sp.gr. 5.3, 5.43. Transparent, translucent. Lustre 
adamantine. Colour deep blue. Streak pale blue. 

Found at Linares in Spain, and at Lead hills, Scot¬ 
land. 

Sulphate and Carbonate of Lead. 

a. Lanarkite. Sulpha to carbonate of Lead, No. 550. 

Phil. 311. Haid. 2.148. Leon. 253. 

Occurs in long, slender crystals, single or aggregated 
into fibrous masses. 

Primary form an Oblique rhombic prism, the angles 
of which have not been ascertained. The crystals 
are lengthened in the direction of the horizontal 
diagonals of the terminal planes. Hard. 2.0, 2.5. 

Sp.gr. 6.8, 7.0. Transparent, translucent. Lustre 
nearly resinous, but pearly on the cleavage planes. 

Colour greenish, yellowish, or greyish. Streak 
white. 

Found at Lead hills in Scotland. ' 

b. Cai.i:donite. Cupreous-sulphato-carbonate of Lead, 

No. 551. 

Phil. 312. Ilaid. 2.149. Leon. 254. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M'=95. Cleavage parallel to the pri¬ 
mary planes, and to the short diagonal of the 
prism. Fracture uneven. Hard. 2.5, 3.0. Sp.gr. 

6.4. Transparent, translucent. Lustre resinous. 

Colour blue and greenish-blue. Streak bluish or 
greenish-white. 

Found at Lead hills in Scotland. 
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Mineralogy c. Suzannite. Sulphato-tri-carbonate of Lead, No. 552. 

Phil. 341. Haid. 2.144. Leon. 252. 

This Mineral occurs, as carbonate of lime does, under 
two forms. One an Acute rhomboid, Chyst. fig. 
106, P,P' s= 72° 30'; ami the other a Right 
rhombic prism, Chyst. fig. 71, M,M'= 120°. 

Mr. Ilaidinger has regarded this last as an Oblique 
rhombic prism, a difference of opinion which may 
perhaps be explained by his own observations on 
Mr. Levy’s Ilumboldtite; the compound figures 
given by him in Edinb. Phil. Trans. 10.217. being 
purely imaginary. 

■ The cleavage of both forms is perpendicular to the 
axis, and very distinct. Hard. 2.5. Sp.gr. 6.3. 
Transparent, translucent. Colour grey-brown, yel¬ 
low, green of various shades. Streak white. 

Found at Lead hills in Scoilnnd. 

Sulphuret of Lead, 
a . Gai,ena, No. 83. 

Haiiy, 3.341. Phil. 332. Haid. 3.13. Leon. 625. 

Occurs in attached crystals, and massive. 

Primary form a Cube. Chyst. fig. 56. Cleavage 
parallel to the primary planes. Fracture enn- 
choidal. Hard. 2.5. Sp.gr. 7.568. Opaque. 
Lustre metallic. Colour lead-grey. Streak the 
same. 

Massive varieties, amorphous, structure granular, 
compact. 

Found abundantly in many places in Europe, Asia, 
and America. 

Sulphuret of lead is occasionally found to contain 
antimony, arsenic, silver, bismuth, and copper, 
Sulphuret of Lead, Antimony, and Copper, 
a. Bouhnonite. Endellione. Triple Sulphtiret, No. 97. 

Phil. 336. Haid. 3.5. Leon. 613. 

Occurs in utlached crystals and massive. 

Primury form a Right rhombic prism. Chyst. fig. 
71. M,M'= 93° 30'nearly. Cleavage parallel to 
the primary planes, and to both the diagonals of 
the prism. Fracture uneven. Hard. 2.5, 3.0. 
Sp.gr. 5.763. .Opaque. Lustre metallic. Colour 
approaching to steel-grey, sometimes blackish-grey. 
Streak the same. 

Massive, varieties, amorphous, structure granular, com¬ 
pact. 

Found in Cornwall, and in several parts of Europe, 
and in Peru. 

Vunadiate of Lead, 
a. JoHNsroNirn, No. 484. 

E.J.S. n.s. 5.166. 

Occurs in attached hexagonal crystals, and small glo¬ 
bular concretions, frequently sprinkled over a sur¬ 
face of Calamine. 

Primary form a Rhomboid. Chyst. fig. 106. Frac¬ 
ture conchoidal. Sp.gr. 6.99,7.23. Translucent. 
Opaque. Lustre of the fractured surface resinous. 
Colour yellow and reddish-brown. Streak white. 

Found at Waulockhead in Scotlaud. 

Leei.ite, No. 317. 

Phil. 21. Haul. 3.119. Leon. 757. 

Occurs in amorphous masses. 

Structure compact Fracture conchoidal. Sp.gr. 
2.7. Slightly translucent. Lustre waxy. Colour 
flesh-red. 

Found at Gryphytta in Sweden, and, when first dis¬ 
covered, passed under the name of red hornstone. 


Leucite. Am phi gene, No. 233. Mineralogy 

Haiiy, 8.61. Phil. 107 Haid. 2.220. Leon. 435. 

Occurs in imbedded trapezohedrul crystals, anil 
massive. 

Primary form a Cube. Cleavage parallel to the. 
planes of the cube and rhombic dodecahedron. 

Fracture conchoidal. Hard. 5.5, 6.0. Sp.gr. 

2.483. Transparent to opaque. Lustre vitreous. 

Colour greyish, yellowish, or reddish-white, and 
different shudes of grey. Streak white. 

Massive variety , amorphous, structure granular. 

Found in the luvas of Vesuvius, and the basalts o, 

Italy and Bohemia. 

Levynk, No. 206. 

Haid. 3.120. Leon. 758. 

Occurs in attached crystals, lining cavities in trap 
rocks. 

Primary form a Rhomboid. Chyst. fig. 106. P,P= 

79° 29'. Cleavage parallel to the primary planes. 

Fracture conchoidal. Hard. 4.0. Sp.gr. 2.15. 
Translucent. Lustre vitreous. Colour white. 

Streak while. 

Found at Dalsnypcn in Faroe, in Ireland, and in a 
few oilier places. 

It is said by Herzelins to be a variety of Chabasie. 
Liiehzoute. No. 359. 

Gal. 168. Leon. 505. 

Occurs in imperfectly formed crystalline grains, im¬ 
bedded ill greenish-yellow steatite. Sp.gr. 3.54. 
Transparent. Colour emerald-green. 

Found on the hunks of Lake Lhcrz, in the mountains 
Du Couserans, Pyrenees. 

Licu'itm, No. 318. 

Phil. 207. Haid. 3.121. Leon. 758. 

Occurs in imbedded crystals in a tnleosc rock. 

Primary form an Oblique rhombic prism. Chyst. tig. 

63. M,M' — 140°. Fracture uneven. Hard. 

5.0, 6.0. Sp.gr. 3.49. Transparent, translucent. 

Lustre vitreo-resinous. Colour yellowish-green. 

Streak greyish-white. 

Found on the banks of the Stura in the Apennines. 
Specimens of yellowish-green Sphene have been 
brought to this Country as Liguritc. This, how¬ 
ever, cannot be the Mineral examined by Viviaui, 
if his analysis be correct; for his Mineral does not 
contain a particle of titanic acid, of which Sphene 
contains from 33 to 40 per cent. 

Limbilite, No. 360. 

Phil. 208. Leon. 533. 

Occurs in irregular grains in the volcanic hill of 
Liinbourg. Structure compact. Hard. 6.0, 7.0. 

Colour honey-yellow. 

Lime. 

Arscniale of Lime, 
a . Phahmacolite, No. 466. 

Hauy, 1.587. Phil. 178. Haid. 3.135. Leon. 160. 

E.J.S. 3.302, 6.317. 

Occurs generally in small, silky tufis, or minute glo¬ 
bular and botryoidal fibrous masses, coating other 
substances, and very rarely in attached crystals. 

Crystallized. 

Primary form an Oblique rhombic prism. C rvst. fig. 

83. M,M'= 117° 24'. Cleavage parallel to the 

oblique diagonals of the terminal planes. Frac¬ 
ture uneven. Hard. 2.0, 2.5. Sp.gr. 2.730. 
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Mineralogy Transparent, translucent. Lustre vitreous. Co- 
lour yellowish-white. Streak white. Thin lamina: 
are flexible. 

Locality unknown. 

Fibrous. 

Very soft. Sp.gr. 2.64. Translucent, opaque. 
Lustre vitreous, pearly, dull. Colour white, grey¬ 
ish uml reddish-white. 

Found at Andreasberg, Hartz, in Thuringia, and 
some few other places. 

b . Umdinuisritk, No. 467. 

E.J.S. 3.303, 6.317. Leon. 1G0. 

Occurs in attached crystals, and in pearly, botryoidal, 
crystalline coats. 

Primary form a Right rhombic prism. Chyst. fig. 7t. 
M,M' = 100°. Cleavage parallel to the short 
diagonal of the terminal planes, very distinct. 
Hard. 2.0, 2.5. Sji.gr. 2.848. Transparent, trans¬ 
lucent. Lustre vitreous. Colour white. Streak 
white. Thin lamina: slightly flexible. 

Locality unknown. 

Tloro-silicatc of Lime. 

a . Daitioi.ite, No. 126. 

Jlauy, 1.590. Phil. 177. Haul. 2.222. Leon. 285. 

Occurs in attached crystals and massive. 

Primary forma Right rhombic prism. Crvst. fig 73. 
M,M' = 103° 40': Phil. Cleavage parallel to 
the lateral planes, very indistinct. Fracture un¬ 
even. Hard. 5.0, 5.5. 8|>.gr. 2.989. Trans¬ 

lucent, opaque. Lustre vitreous, that of the frac¬ 
ture surfaces slightly resinous. Colour greyish, 
yellowish, greenish-white. Streak white. 

Massive variety, amorjihous, structure granular. 

Found at Arcudal in Norway. 

b. lluMiioi.orin:, No. 427. 

• Phil. 380. llaid. 2.222. Leon. 286. 789. 

Oceuts in attached crystals. 

Primary form an Oblique rhombic prism. Crvst. fig. 
S3. P,/i, fig. 91 =91° 41'. M,M'= 115° 45'. 

Levy. Cleavage parallel to the oblique diagonal of 
the prism. Fracture conchoidal. Hurd. 4.5, 5.0. 
Sp.gr. 2.99. Transparent, translucent, opaque. 
Lustre vitreous. Colour white, sometimes yel¬ 
lowish. Streak white. 

Found iu the Tyrol, in the Hartz, in North Ame¬ 
rica, and in the neighbourhood of Edinburgh. 

It is probable I lull this will he found to correspond 
with Dutholile in form and measurement, as it 
does in chemical composition ; and that Mr. Levy 
lias been deceived by the imperfection of the crys¬ 
tals he examined. 

c . Botrvoi.itk, No. 428. 

llauy, 1.591. Phil. 177. Haul. 2.222. Leon. 287. 

Occurs in reiiiform, globular, and botryoidal masses. 
Structure fibrous, in concentric coats. Sp.gr. 2.8. 
Translucent on the edges, sometimes opaque and 
earthy. Colour jiale yellowish and reddish-grey, 
occasionally black on the surface. Streak white. 

Found at Arendni in Norway. 

Rkomboidal Carbonate of Lime, No, 441. 

1, Crystallized. 

a. Calcite. Calcareous Spar. Iceland Crystal. 

Iluiiy, 1.298. Phil. 147. Haiti. 2.83. Leon. 309. 

Occurs in attached and imbedded crystals and crys¬ 
talline masses, and occasionally staluctitic. 

Primary form a Rhomboid. Cryst. fig. 106. P, P' — 
105° 5'. Cleavage parallel to the primary planes, 


very distinct. Fracture conchoidal, seldom obserr* Mineralogy 
able. Hard. 3.0. Sp.gr. 0.721. Transparent, 
translucent. Lustre vitreous. Colour generally 
white, occasionally grey, blue, green, yellow, red, 
brown, black. Streak white, or slightly co¬ 

loured. 

Found iu veins and in rocks of every formation in all 
parts of the World. 

2. Foliated. 

a. SciiiEEEiisPAR. Slate Spar. 

Haily, 1.430. Phil. 149. Haid. 2.83. Leon. 316. 

Occurs massive. Structure laminar, the lamias 

being thin and generally curved or wavy. Sp.gr, 
about 2.5. Translucent. Lustre vitreous on the 
edges, pearly on the surface of the laminnc. Co¬ 
lour white, sometimes reddish, yellowish, greenish. 

Streak white. 

Found iu England, Scotland, Ireland, and in other 
parts of the World. 

3. Pearly. 

a. Apiiiutb. Fcume de. Terre. Schaumcrdc. 

Phil. 150. llaid. 3.72. Leon. 776. 

Occurs in thin, white, pearly scales or plates. Hard. 

0.5, 1.0. Sji.gr. 2.5. Opaque. Lustre jiearly 
in a high degree. Colour white. Streak white. 

Found in Saxony, llessia, and some other places. 

4. Columnar. 

a. Antiiraconite. Mndrepoiite. 

Iluny, 1.358. Phil. 160. llaid. 2.S3. Leon. 317. 

Occurs in roundish masses. Structure columnar, di¬ 
verging. Hard. 3.0. Sp.gr. 2.7. Opaque. Lustre 
vitreous. Colour greyNli-blaek. 

Found in Norway, Sweden, Greenland, and one or 
two other places. 

5. Fibrous, 

u. Sr A i, ACT I IE. 

iluiiy, 1.364. Phil. 151. llaid. 2.83. Leon. 319. 

Occurs rcnilbrm, stalaetitic, tubular, and in oilier imi¬ 
tative shapes. Structure fibrous. Translucent, 
opaque. Lustre resinous, waxy, sometimes silky. 

Colour white with shades of grey, brown, red, yel¬ 
low, aud other colours. Streak whitish. 

Found iu fissures and caverns, in calcareous rocks, and 
occasionally in metallic veins. 

6. Granular and compact. 

a. Marble, b . Limestone. 

Iluiiy, 1.359. l’lnl. 152. llaid. 2.83. Leon. 316. 

Occurs massive, the masses sometimes forming con¬ 
siderable mountains. 

Those varieties which are capable of receiving a fine 
jiolish are commonly termed Marble, the purest 
and most crystalline of which ure employed in 
statuary. The Penlclic, found near Athens, and 
the Carrara from the Gulf of Genoa, are the most 
esteemed. , 

The less pure varieties, which arc generally less crys¬ 
talline iu their appearance, and more compact in 
their structure, although they differ much from 
each other in eolour and composition, jiass under 
the common name of Limestone, and are applied to 
many well-known economical purposes. Borne of 
the common limestones contain a considerable pro¬ 
portion of silex, alumina, and other earths. The 
Calp in Ireland, the Aberihavo and the Lias in 
this Country, and the Seplaria, or Nodules, as 
they ure termed, found in tile London clay, and of 
which the Ruman cement is made, are impure 
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Mineralogy limestones. The impurity, however, rendering 
them more valuable as cements. 

The fracture of the granular varieties is uneven and 
splintery, that of the more compact is even and flat 
conchoids). Hardness and Sp.gr. rather below that 
of calcareous spar. Translucent to opaque. Lustre 
variable. Of almost all colours. Streak white 
or slightly coloured 

Fonnd abundantly in every part of the World. 

7. Earthy. 

a . Chalk. Agaric Mineral. Rock Milk. 

Haily, 1.362. Phil. 158.150. Haid. 2.83. Leon. 321. 

Chalk occurs in beds of very considerable extent. 
Fracture earthy. Soft. Sp.gr. about 2.3. Opaque. 
Dull. Colour white, sometimes yellowish or grey¬ 
ish. Is meagre to the touch. 

Agaric Mineral is a spongy carbonate of lime, the 
particles of which are less coherent than those of 
chalk, with which it agrees in colour and most of 
its other characters. 

Rock Milk is an absurd name for a variety of carbo¬ 
nate of lime, which occurs in the. form of a fine 
white powder in the crevices of calcareous rocks. 

Found in several parts of England, and in other Coun¬ 
tries. 

8. Globular Concretions 

a. Pisoi.itk. Peastone. 

Hatty. 1.369. Phil. 158. Haid. 2.83. Leon. 319. 

Occurs massive, consisting of globules from one-eighth 
to half an inch in diameter, imbedded in a calca¬ 
reous cement. Opaque. Colour brownish, red¬ 
dish, yellowish-while. Streak white. 

Found at Carlsbad, and a few other places 

b. Oolite. Roestone. 

Hatty, 1.360. Phil. 157. Haid. 2.83. Leon. 31S. 
Occurs massive, in beds of considerable extent, formed 
of small globules of different sizes, seldom as large 
as one-eighth of an inch in diameter, cemented to¬ 
gether by calcareous matter. Opaque. Dull. Co¬ 
lour greyish, brownish, yellowish white. Streak 
white. 

The Bath stone affords a good example of this sub¬ 
stance 

Incrust ing. Sedimentary. 

Tufa. Travrrlnio . 

Hatty, 1.370. Phil, 160. Haid. 2.63. Leon. 320. 
The most impure and irregular of all the varieties of 
carbonate of lime, varying considerably in the co¬ 
hesion of its particles, from a nearly pulverulent 
state (some Tufas) to that of a compact building 
stone. (Travertine.) It is a concrete production 
of many springs and streams m this and other 
Countries, and may he observed in abundance at 
Matlock in Derbyshire, near Cambridge, near Veut- 
nor in the Isic of Wight, and in some other 
places. 

It is found incrusting grass and moss at the edges 
of the water, and stems, leaves, and other substances 
immersed in it. Small baskets and birds’ nests 
coated with this deposit, are sold as objects of cu¬ 
riosity. 

Prismatic Carbonate of Lime, No. 442. 
a . Arraoonite. The coralloidal variety, Flos-ferri. 
Hauy, 1.432. Phil. 161. Haid. 2.79. Leon. 321. 
Occurs in attached and imbedded, simple and com¬ 
pound crystals, frequently acicular, and massive. 
Primary form a Right rhombic prism. Cryst. fig. 71. 


M.M' as 116° 10'. Cleavage parallel to the late- Mineralogy 
ral planes. Fracture uneven. Hard. 3 5, 4.0. '**•"v**-' 
Sp.gr. 2.9. Transparent, translucent. Lustre vi¬ 
treous. Colour white, grey, reddish-brown. Streak 
greyish-white. 

Massive varieties. Globular, rouiform, coralloidal, 
and amorphous. Structure fibrous, either parallel 
or diverging, and sometimes, although rarely, com¬ 
pact. 

Found in several places in England, Scotland, and 
Ireland, and in many other Countries. The best 
crystals occur at Arragon, in Spain, whence the 
name, at Leogang in Snlzburg, and near Bdin in 
Bohemia. And very perfect masses of the branched 
variety (flos-lerri) at Dufton, and in the Quautoek 
hills in Somersetshire. 

b. Satin Spar? 

Phil. 150. Haid. 2.83. Leon. 315. 

Occurs in tabular masses of one or two inches thick, iu 
veins in slaty clay or shale. Structure fibrous, the 
fibres parallel, generally waved, and always trans¬ 
verse to the direction of the veil,. Harder than 
calcareous spar. Sp.gr.2.7. Translucent. Lustre 
silky. Colour while, sometimes yellowish or gicyish. 

Found at Alston Moor in England, in Scotland, ami 
in North America. 

Carbonate of Magnesia and Lime. 

1. Crystallised. 

a. The surfaces flat, or nearly so. 

Bittf-kspaii. Miemi/e. fharandite. No. 447. 

lluttv, 1.427. Phil. 162. Haid. 2.91. Leon. 305. 

Occurs in attached and imbedded ciyMals, and amor¬ 
phous masses. 

Primary form a Rhomboid. Ciiyst. fig. 106. P,P':= 

106° 15'. Cleavage parallel to the primary planes, 
distinct. Fracture eonehoidal. Hard. 3 5, 4.1). 

Sp.gr. 2.884. Transparent, translucent. Lustre 
vitreous, occasionally pearly. Colour white, grey, 
black, brown, yellow, green, of different shades. 

Streak greyish-white. 

Found iu the Tyrol in talc, in Piedmont, at Micmo 
in Tuscany, and in some other places. But there 
arc few localities in which good crystals are pro¬ 
duced. 

b. The planes curved. 

Pearlspar. Rroim Spar (in part.) 

Hatty, 1.421. Phil. 165. Haid. 2.94. Leon. 305. 

Occurs in attached and generally aggregated crystals 
with curved surfaces. 

Primary form a Rhomboid. C'nvsT. fig. 106. Probably 
of the same angles ns bitterspar, lull from the cur¬ 
vature of the planes they cannot be measured. 
Translucent. Lustre pearly. Colour white, some¬ 
times greyish, brownish, or yellowish. 

Found in many parts of Europe and America. 

2. Granular. 

a. Dolomite. Magnesian Limestone. Conilr. 

Leon. 305. 

Occurs in mountain masses. Structure sometimes 
slaty. Fracture irregular. Softer than common 
limestone. Translucent, opaque. Colour while, 
sometimes greyish or yellowish. 

The Apennines arc partly composed of Dolomite, and 
the magnesian limestone is found in an extensive 
bed lying lietwceu Nottingham and Sunderland, 

It also occurs in other parts of the World. Some 
of the varieties are flexible when split or cut into 
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Mineralogy thin slabs. Conile is found only in Iceland. Isdc- 

— / scribed as having a fracture imperfectly conchoidal, 

and is said to scratch glass, whence it is probable 
that it docs not belong to this species. Sp.gr. 3.0. 
Opaque. Dull. Colour flesh-red. 

3. Compart, 
a. Guiuioitan. 

Phil. 10t>. Hnid. 2.94. Leon. 308. 

Occurs massive. Amorphous. Structure compact. 
Fracture Hat cnnchoidul. Opaque. Dull. Co¬ 
lour white, sometimes yellowish. Streak white. 
Found near Gurholf, in Lower Austria. 

Carbonate. of Magnesia, Lime and Iron, No. 419. 
P.M. and An. 2.231. 

a. Occurs crystallized in rhomboids. Sp.gr. 2.927. 

Colour yellowish white. 

Found at Tcuzeu in the Orisons. 

E.J.S. 2.179. 

b. Occurs in crystalline musses, clcavable into rhomboi- 

dal laminai. Spgr. 2.64. Opaque. Colour brown. 
Found at Montiers in Savoy. 

c. Crystalline masses. Sp.gr. 2.9. Colour violet-blue. 
Found at Nolre-Daine-du-Prd in Savoy, and is sup¬ 
posed to contain free oxide of iron. 

No angles given of either of these varieties, the che¬ 
mical elements of which differ in their proportions. 
Carbonate of Lime and Iron, 
a. Ankeuitk. ltohu'and. IFundslan of Stiriu. No. 444. 
lluid. 2.100. Leon. 308. 

Primary form a Rhomboid. Crast. fig. 106. 
P,P' = 100° 12'. Cleavage pamfel to the primary 
planes. Fracture uneven. Lustre vitreous, in¬ 
clining to pearly. Hard. 3.5, 4.0. Sp.gr. 3.080. 
Translucent. Colour white, with tints of grey, 
brown, red, yellow. Streak white. 

Found in Salzburg resting on beds of mica slate, 
and all along the chain of the Alps, resting on 
carbonate of iron. 

The planes are generally curved, and the measured 
angle is probably not correct, 
b. Mesitine Spar? No. 448. 

E.J.S. 8.181. 

Analysis not given, but supposed to contain lime, 
magnesia, oxides of iron ami manganese. Primary 
form a Rhomboid. Cryst. fig. 107. P,P' = 
107° 14': Ure.il. Cleavage parallel to the primary 
planes. Hard. 3.0. Sp.gr. 3.34. 3.37. Transpa¬ 
rent, translucent. Lustre vitreous. Colour dark 
greyish and yellowish-white. Streak white. 

Found in small crystals in quartz at Traversella in 
Piedmont. 

Carbonate of I Ante and Lead, 
a. Pi.umrocai.citb, No. 445. 

E J.S. N.s. 6 79. 

Occurs in attached crystals and crystalline masses. 
Primary form a Rhomboid. Cuvsr. fig. 106. P,P'= 
105° 5'. Cleavage parallel to the primary planes, 
distinct. Hurd, under 3.0. Sp.gr. 2.824. Trans¬ 
parent, translucent. Lustre vitreous, sometimes 
pearly. Colour white. Streak white. 

Found nt Wanloekhead, Lanarkshire, Scotland, among 
the rubbish of some old workings. 

Finale of Lime. 

a. Fluor. Fluor Spar, No. 506. 

Ilauy, 1.505. Piii). 168. Haid. 2.69. Leon. 576. 
Occurs in attached and imbedded crystals and 
massive. 


Primary form a Cube. CttvsT. fig. 56. Cleavage Mineralogy 
parallel to the planes of the regular octahedron, ‘ 
distinct, but seldom with perfect surfaces. Frac¬ 
ture coiichoidal. Hard. 4.0. Sp.gr. 3.14. Trans¬ 
parent, translucent. Lustre vitreous. Colour 
white, grey, black, browu, red, yellow, green, blue, 
purple. Streak white or slightly coloured 
Massive varieties, nodular: amorphous. Structure of 
the nodular variety large fibrous, or columnar, the 
fibres divergent. Structure of the amorphous, 
crystalline, granular, earthy, compact, and occa¬ 
sionally straight or curved laminar. 

Crystallized Fluor is found abundantly in England, 
and in some other parts of Europe. In America 
it occurs less frequently. The nodular vaiiely is 
found only in Derbyshire; the granular and 
earthy in England, Norway, and some parts of 
Germany ; ami the compact in Cornwall, the Ilartz, 
and a few other places. 
b. Fi-UO-AnsENiATis os Lime, No. 507. 

An. 6.151. 

Occurs as a yellowish crust or coatiug on quartz or 
felspar, accompany ing the oxide of tin, at Finbo, 
near Fahlun, in Sweden. 

Native Lime. 

a. Native Lime, No. 117. 

Hr.M. pi. No. 1. 

Occurs amorphous. Structure earthy. Easily rubbed 
to a powder. Opaque. Dull. Colour white. 

Found near Rath. 

Nitrate of Lime. 
a. Nitrate of Lime, No. 519. 

Phil. 177. Leon. 248. 

Occurs in fibrous efflorescences, or ns a fine powder, 
on the surface of old walls, caverns, and some cal¬ 
careous rocks. The fibres arc often aggregated 
into silky-looking lulls. Very deliquescent. Taste 
bitter. 

Phosphate of Lime. 

a. Apatite. Asparagus Slone. Moroxile. Phosphorite. 

Terre, de. Marmarosch, No. 485. 

Ilauy, 1.487. Phil. 167. Haul. 2.73. Leon. 282. 

Occurs in attached and imbedded crystals and crys¬ 
talline masses, massive and cut thy. 

Primary form a Rhomboid. P,P' = 88° 41': Haid. 

Cleavage parallel to the planes of a regular hexa¬ 
gonal prism. Fracture coiichoidal. Hard. 5.0. 

Sp.gr. 3.18, 3.22. Transparent, translucent. Lustre 
vitreous, sometimes inclining to resinous. Colour 
white, grey, brown, reddish, yellow', green, blue, 
violet. Streak white. 

Found in Cumberland, Cornwall, in Saxony, Bohemia, 
and many other parts of Europe and America. 

Massive varieties, globular ; nodular ; renilbrm ; 

amorphous. Structure fibrous, granular, compact. 

Found at Schlackenwald in Bohemia, and in Estre- 
madura in Spain. 

Earthy variety, greyish or greenish-white. 

Found near Marmarosch in Hungary. 

Scheclate of Lime. 

a . Tungsten. Tungstate of Lime, No. 413. 

Hauy, 4.372. Phil. 256. Haid. 2.113. Leon. 346. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form a Square prism. Cryst. fig. 61. 
Cleavage parallel to Mod. a and c, fig. G2 and 64. 

Fracture uneven. Hard. 4.0, 4.5, Sp.gr. 5.5, 
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Mineralogy 6.076. Translucent. Luatre vitreous. Colour 
white, sometimes greyish and yellowish, and grey¬ 
ish and redtlisli-brpwn. Streak white. 

Found in Cornwall and Cumberland in England, in 
Bohemia, Sweden, and other places in Europe, and 
in America. 

Silicate of Lime. 

а. Wou. Astonite. Tabular Spar, No. 161. 

HaSy, 2.438. Phil. 23. (laid. 2.286. Leon. 524. 

P.M. and An. 10.190. 

Occurs in attached and imbedded crystals, and mas¬ 
sive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M=104°48'. M,M' = 95° 38'. Cleavage 
parallel to the terminal plane and horizontal 
diagonal. Fracture uneven. Hard. 4.0, 5.0. 
Sp.gr. 2.8, 2.86. Transparent, translucent. Lus¬ 
tre vitreous, in some varieties pearly on the 
cleavage surfaces. Colour white, sometimes grey¬ 
ish, brownish, reddish, yellowish, greenish. Streak 
white. 

Massive varieties, amorphous, composed of small 
columnar crystals lying in all directions, or fibrous, 
the fibres parallel or divergent. 

Found iu very perfect crystals at Vesuvius. Its other 
localities arc Capo di Bove near Rome, the Bannat, 
Lake George iu North America, and a few other 
places. 

б. Okf.nite, No. 162. 

E J.S. n.s. 3.27. 

Occurs in fibrous masses, having a radiated struc¬ 
ture. Hard. 4.0, 5.0. Sp.gr. 2.28. Colour 
white. 

Found in amygdaloid, at Disco Island, Greenland. 

Sulphate of Lime, No. 532. 

a. Crystallized. 

Selenite. Gypsum. 

b. Massive. 

Alabaster. Gypsum. 

JIafiy, 1.527. Phil. 174. Haid. 2.57. Leon. 122. 

Occurs in attached and imbedded crystals, and mas¬ 
sive. 

Primary form an Oblique rhombic prism. P.M as 
111° 34'; M,M'=13S° 38'; Levy. Cleavage 
parallel to the oblique diagonals, very distinct, and 
parallel to the primary planes, indistinct. Frac¬ 
ture indistinct. Hard. 1.5, 2.0. Sp.gr. 2.310, 
2.5. Transparent, translucent. Lustre vitreous, 
on cleavage planes pearly. Colour white, occasion- 
ally grey, reddish, yellow, blue. Streak white. 

Massive varieties, globular and nodular, structure 
granular. Amorphous, structure granular, earthy, 
compact, fibrous, scaly, the scales slightly coherent. 

Found in very many parts of Europe and America, 
and probably in other parts of the World. It is 
abundant in imbedded crystals at Shotover in 
Oxfordshire, and has occurred in very perfect 
crystals at Bex in Swisserland. 

When calcined and reduced to powder, it is Plaster 
of Paris. It enters into the composition of some 
kinds of porcelain and glass. Is employed in 
agriculture as a manure, and forms the paste of 
crayons for drawing. The compact varieties are 
employed in sculpture. 

Anhydrous Sulphate of Lime. 

a. Anhydrite. Mnriacilr. Pierre de Trippes. Vul- 
pmite, No. 533. 

voi.. VI. 
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flatly, 1.562. Phil. 172. Haiti. 2.62. Leon. 267 Mineralogy 
Occurs iu attached crystals, rarely well formed, and 
massive. 

Primary form a Right rhombic prism. Cryst. fiir 
71. M,M' = lU0° 8'. Cleavage parallel to the 
lateral planes, indistinct; to the terminal planes and 
their twd diagonals very distinct. Fracture un. 
even. Hard. 3.0, 3.5. Sp.gr. 2.5, 3.0. Transpa¬ 
rent, translucent. Lustre vitreous, pearly on the 
cleavage surfaces. Colour white, grey, pale red, 
blue, violet. Streak greyish-white. 

Massive varieties, nodular, contorted, amorphous. 

Structure granular, compact, fibrous. 

Found at Ilaile in the Tyrol, at Bex in Swisserland, 
and in several other parts of Europe. 

Tilaniaie of Lime, fyc. 
a. Pvrociii.obe, No. 395. 

E.J.S. 6.358. 

Occurs in imbedded octahedral crystals. 

Primary form a Cube. Cryst. fig. 56. Fracture 
uneven. Hard. 5 0. Spgr. 4.21. Translucent, 
opaque. Colour reddish-brown. Streak pale. 

Found in Norway and Siberia. 

Magne.su. 

Borate of Magnesia, 
a. Boracite, No. 425. 

Haiiy, 2.56. Pliil. 181. Haid. 2.347. Leon. 267. 

Occurs in imbedded crystals. * 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the octahedron, very indis¬ 
tinct. Fracture uneven, imperfectly couchoidal. 

Hard. 7.0. Sp.gr. 2.97. Transparent, translu¬ 
cent. Lustre vitreous. Colour greyish, yellowish, 
and greenish-white. Streak white. 

Found only at Segebcrg iu Holstein, and LQnchurg 
in Brunswick. 

Carbonate of Magnesia, 
a. Magnesite, No. 466. 

Phil. 179. Haid. 3.121. Leon. 302. 

Occurs in acicular crystals, massive, and in powder. 

Colour generally white, occasionally greyish and 
yellowish. 

The massive varieties are found in nodular and sta- 
lactitic forms and amorphous. Fracture, hardness, 
and specific gravity variable, according ns the Mi¬ 
neral is more or less compact or earthy. 

Found in several parts of Europe, in India, and 
abundantly at Hoboken in North America. 

Carbonate of Magnesia and Iron, 
a. Breunnerit, No. 450. 

Phil. 378. Haid. 2.99. Leon. 309. 

Occurs in imbedded crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P'=r 
107° 30'. Cleavage parallel to the primary planes, 
very distinct. Fracture conchoidai. Hard. 4.0, 

4.5. Sp.gr. 3.0, 3.2, Transparent, translucent. 

Lustre vitreous. Colour yellow, of different shades, 
and black. Streak white. 

Found at Zillerthal and other places in Salzburg, 
and in the Tyrol. 

Hydrate of Magnesia, 
a. Shepardite, No. 141. 

Phil. 95. Haid. 3.112. Leon. 244. 

Occurs rarely in attached or imbedded hexagonal 
prisms, generally ia laminar masses and fibrous. 

Primal y form a Rhomboid. Chvst. fig. 106. P,P\ 

3 x 
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Mineralogy unknown. Hank 1.0, 1.5. Sp.gr. 2.33, 2.63. 

Transparent, translucent. Lustre pearly. Colour 
white, greenish-white. Streak white. 

The fibrous variety is the Nematile of Nuttall. 

Pound at Hoboken in New Jersey, North America, 
and in the Isle of Unat, Shetland. 

Phosphate of Magnesia. 

a. Waonebit, No. 486. 

Haid. 3.169. Leon. 277. P.M. and An. 1.183. 

Occurs in attached or imbedded crystals. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P.M = 109° 20'. M,M' = 95° 25'. Cleav¬ 
age indistinct, parallel to the horizontal diagonal. 
Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.01. 
Transparent, translucent. Lustre vitreous. Colour 
greyish and reddish-yellow. Streak white. 

Found at Ilollgraben in Salzburg, and is said to have 
occurred in the United States. 

Silicate, of Magnesia. 

a. Marmoute, No. 167. 

Haid. 3.121. Leon. 762. 

Occurs massive; structure columnar, irregularly in¬ 
tersecting. Tli- columnar portions are foliated, 
having a cleavage in two directions intersecting 
each other. Hard. 3.5. Sp.gr. 2.47. Translu¬ 
cent. Opaque. Lustre pearly. Colour pale yel¬ 
lowish and greyish-green 

Found at Hoboken in New Jersey, North America. 

It is probable that the serpentines are also silicates of 
magnesia, und for the present we include them in 
this class 

b. Serpentine. No. 163. 

Phil. 97. Haid, 3.151, Leon. 777 

Occurs in imbedded crystals and massive. Fracture 
conchoidal, uneven, splintery. Hard. 3.0. Sp.gr. 
2.2, 2.6. Nearly opaque. Lustre resinous, dull. 
Colour dull greenish-yellow, and various shudes of 
green, sometimes very dark and spotted with red. 
Streak white, shining. 

Found in ull parts of the World in beds and mountain 
masses. 

The Stealoid of Muller, E.J.S. n.s. 3.31, occurs in 
crystals at Snarum in Norway, and is said to he 
a variety of serpentine. 

c. Steatite. Soap Stone. Speckstein. Talc Steatite, 

No. 164. 

Ilaiiy, 2.493. Phil. 118. IIaid.3.157. Leon. 188,223. 

Occurs in amorphous masses, sometimes containing 
imbedded crystals of the same substance, of the 
forms of quartz und carbonate of lime. Struc¬ 
ture compact. Fracture uneven, splintery. Soil. 
Sp.gr. 2.6, 2.63. Opaque. Dull. Colour yel¬ 
lowish and greyish-white. Streak shining. Feels 
greasy. 

Said to be found in many parts of the World, but it 
is probable that several distinct Minerals, merely 
on account of their soapy or greasy feel, have been 
so named. 

d. Meerschaum, No. 165 

Phil. 180. Leon. 222. 

Occurs in imbedded masses. Structure earthy. Frac¬ 
ture uneven. Opaque. Dull. Colour white, 
sometimes slightly yellowish or greyish. Streak 
white. 

Found in Greece, the Crimea, and some other parts of 
Europe. 


Sulphate of Magnesia. Mineralogy 

a. Epsomite. Epsom Salt, No. 535. 

Hafiy, 2.51. Phil. 180. Haid. 2.48. Leon. 116. 

Occurs botryoldal, reniform, massive, as a crust 
on the surface of other bodies, and in solution 
in Mineral wnters. Structure fibrous, sometimes 
enrthy. Fracture, when observable, couchoidal. 

Hard, of artificial crystals 2.0, 2.5. Sp.gr. 1.75. 
Transparent, translucent. Lustre vitreous. Co¬ 
lour white. Streak white. 

Found on the surface of decomposing schist, in coal 
pits, on old walls, and in other situations. 

Sulphate of Magnesia and Soda, 
a. Bi.oeoite, No. 537. 

Hnid. 3.79. Leon. 125. 

Occurs in fibrous masses, accompanying the Poly- 
hallite at Ischel in Upper Austria. Fracture un¬ 
even. Translucent. Lustre nearly vitreous. Co¬ 
lour red. 

Manganese. 

Arseniuret of Manganese ? No. 39. 

Inst. J. 1829, 2.381. 

Occurs on iblialed galena. Structure fine granular. 

Fracture uneven. Brittle. Sp.gr. 5.55. Opaque. 

Lustre metallic. Colour whitish-grey, but becom¬ 
ing dull and covered with a fine blackish powder 
after exposure to the air. 

Supposed to have been found in Saxony. 

Carbonate of Manganese, 
a. Koueerite, No. 451. 

Phil. 246. Ilaid. 2.106. Leon. 299. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. Crvst. fig. 106. P,P' 
about 107°. Cleavage parallel to the primary 
planes. Fracture uneven Hard. 3.5. Sp.gr. 3.59. 
Translucent. Lustre vitreous, on cleavage surfaces 
rather pearly. Colour rose-red, sometimes brown¬ 
ish. Streak white. 

Massive, varieties, globular, botryoidal. Structure 
fibrous, compact. Amorphous, structure granular, 
fibrous, compact. 

Found at Kupnic and Nagyuk in Transylvania, and 
in Saxony, the Hartz, and other places. 

Oxide of Manganese. 

a. Manganite, No. 118. 

E.J.S. 4.41. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 99° 30'. Cleavage parallel to the la¬ 
teral planes and both diagonals. Fracture uneven. 

Hard. 4.0, 4.25. Sp.gr. 4.32, Opaque. Lustre 
imperfect metallic. Colour dark brownish or grey¬ 
ish-black. Streak reddish-brown. 

Massive varieties, amorphous. Structure crystalline, 
granular, large fibrous. 

Found at llefcld in the Hartz, and in other places. 

b. Varvicite, No. 119. 

P.M. and An. 5.209. 

Occurs massive, and resembles Manganite in colour, 
but is much softer, and soils the fiugers more. 

Sp.gr. 4.819. 

Found in Warwickshire. 

c. Pvbomjsite, No. 120. 

E.J.S. 9.304. 
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Mineralogy Occurs in attached crystals and massive. 

s—v-— ' Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' about 98° 40'. Levy. Cleavage pa¬ 
rallel to the lateral planes and short diagonal, indis¬ 
tinct Hard. 2.0, 2.5. Sp.gr. 4.82, 4.94. Opaque. 
Lustre metallic. Colour iron-black. Streak black. 

Massive varieties , reniform, botryoidal, amorphous. 
Structure fibrous, granular. 

Found in Thuringia and many other pluces in Eu¬ 
rope, and in Brazil, but never at Ilefcld, with the 
Manganitc. 

d. Psn.OMKLANE. No. 121. 

E.J.S. 4.47. 

Occurs in reniform, botryoidal, and fruticose shapes, 
and amorphous. Structure indistinctly fibrous aud 
granular, compact. Fracture conchoidal, even. 
Hard. 5.0, 6.0. Sp.gr. 4.145. Opaque. Lustre im¬ 
perfect metallic. Colour bluish and greyish-black. 
Streak brownish-black. 

Found in most depositories of manganese ores. 

e. JIausmannite, No. 122. 

E.J S. 4.46. 

Occurs in attached octahedral crystals, and massive. 

Primary form a Square prism. Crvst. fig. 61. c,c', 

fig. 64, ss 105° 25'. Cleavage parallel to P,C, 
and a, fig. 62. Fracture uneven. Hard. 5.0, 5.5. 
Sp.gr. 4.722. Opaque. Lustre impeifect metal¬ 
lic. Colour brownish-black. 

Found at Ilmcnuu iu Thuringia. 

f. Rraunjte, No. 128. 

E.J.S. 4.48. 

Occurs in attached aud imbedded crystals aud mas¬ 
sive. Primary Ibim a Square prism. Cryst. fig. 
64. c,c', tig. 67, = 109° 53'. Cleavage parallel to 
r, distinct. Fracture uueven. Hard. 6.0,6.5. 
Sp.gr. 4.818. Opaque. Lustre imperfect me¬ 
tallic. Colour dark brownish-bluck. Streak the same. 

Found at Elgersbnrg and at Wunsiadel, and per¬ 
haps in Thuringia. 

Oxide of Manganese, Iron , and Copper. 

a. Black Copper. Black Oxide of Copper, No. 132. 

Leon. 564. 

Occurs in amorphous masses. Structure earthy. 
Soft, triable. Opaque. Dull. Colour black. 

Found in most copper mines. 

Oxide of Manganese and Copper. 

a. Cupreous Manoanese, No. 133. 

Haiti. 3.92. Leon. 755. 

Occurs rehilbrm, botryoidal, uud amorphous. Struc¬ 
ture compact. Fracture imperfect conchoidal. 
Sp.gr. 3.197, 3.216. Opaque. Lustre resinous. 
Colour bluish-black. Streak the same. 

Found in Bohemia and V in Chili. 

Phosphate of Manganese and Iron. 

a. Ullmannitk, No. 490 . 

Phil. 248. Huid. 3.136. Leon. 284. 

Occurs massive. Cleavage in three directions per¬ 
pendicular to each other. Fracture fiat con¬ 
choidal. Hard. 5.0, 5.5. Sp.gr. 3.44, 8.77. 
Opaquo. Lustre resinous. Colour reddish or 
browniah-black. Streak yellowish-grey. 

Found near Limoges in France, and ? near Pennsyl¬ 
vania, North America. 

b. Hbtepozitk, No. 491. 

E.J.S. n.s. 3.359. 

Occurs in scaly masses. Cleavage in three directions, 
giving an Oblique rhombic prism of about 100°. 


Hard, about 5. Sp.gr. 3.524. Lustre resinous Mineralogy 
Colour greenish or bluish-grey. -'■-v— 

Found near Limoges, 
r. Huraulite, No. 492. 

E.J.S. n.s. 3.359. 

Bi-silicate of Manganese, 
a. Strumite, No. 169. 

Occurs in minute crystals. Hurd, about 4.0. Sp.gr. 

2.27. Transparent. Lustre vitreous. Colour 
reddish-yellow. 

Found near Limoges. 

Phil. 245. Haid. 3.122. Leon. 520. 

Occurs massive. Structure crystalline. Cleavage 
parallel to the lateral planes of a prism of about 
92° 30', and to both its diagonals. Fracture un¬ 
even. Hard. 5.0, 5.5. Sp.gr. 3.54. Slightly 
translucent. Colour red. 

Found in Sweden, and at Franklin in New Jersey, 

North America. 

Compounds of silica, oxide of manganese, and car¬ 
bonate of manganese have been indistinctly de¬ 
scribed under the names of Allagite, Rhodonite, 

Photizite, and liuriimuiigan, but whether they are 
distinct species may perhaps be questioned. Spe¬ 
cimens have appeared in lhis Country under these 
names, but little resembling in their characters 
the published descriptions. 

Sulpliuret of Manganese, 
a. Kobellite, No. 70. 

HaOy, 4.268. Phil. 246. Haul. 3.31. Leon. 656. 

Primary form a Cube. 'Cryst. fig. 51. Cleavage 
parallel to P, distinct. Fracture uneven. Hard. 

3.5, 4.0. Sp.gr. 4.014. Opaque. Lustre imper¬ 
fect metallic. Colour, when first fractured, durk 
steel-grey, but becomes greyish-black by exposure 
to the air. Streak dark green. 

Massive varit ties, amorphous, structure granular, com¬ 
pact. 

Found at Nagyag in Transylvania, and ? iu Cornwall. 
Mellilite, No. 361. 

Ilafly, 4.504. Phil. 208. Haid. 3.125. Leon. 213, 760. 

Occurs iu attached crystals. 

Primary form a Square prism. Cryst. fig. 65. Trans¬ 
lucent, opaque. Colour reddish and greyish-yel¬ 
low, and brownish-red. 

Found ut Tivoli and Capo di Bore near Rome. 

Mercury. 

Chloride of Mercury. 

Baumf.iute. Horn Mercury. Muriate of Mercury, 

No. 68. 

Hairy, 3.331. Phil. 359. Haid. 3.156. Leon. 580 

Occurs iu attached crystals, and in tubercular crusts. 

Primary form a Square prism. Crvst. fig. 65. 

Cleavage parallel to the lateral planes. Fraclme 
conchoidal. Hard. 1.0, 2.0. Sp.gr. 6.482. Trn:r.- 
lucent. Lustre adumuutinc. Colour yellowish or 
pule grey. Streak white. 

Found with other ores of Mercury in Bohemia, the 
Palatinate, Spain, and principally at Moscliel- 
andsberg, in Deuxpouts. 

Native Mercury, 
a. Mercury, No. 12. 

Ilaiir, 3.297. Phil. 357. Haid. 2.432. Leon. 096. 

Fluid. Occurs in small cavities or crevices of the 
nick in which it is fouml, and is frequently accom- 
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.M’pwalngy panied by red silver. Sp.gr. 13.6. Opaque. Lus- 
tre bright metallic. Colour tin-white. 

Its principal localities are Idria in Camiola, and 
Almaden in Spain. 

b. Native Amalgam, No. 13. 

Hatty, 3.297. Phil. 357. Haid. 2.431. Leon. 698. 

Occurs in attached and imbedded crystals, and massive. 

Primary form u Cube. Cryst. fig. 56. Cleavage 
flat conciioidal, very indistinct. Hard. 3.0, 3.5. 
Sp.gr. 13.755. Opaque. Lustre bright metallic. 
Colour silver white. Streuk the same. 

Massive variety, umorphous. Structure compact. It 
is sometimes rendered semi-fluid by mixture with 
fluid mercury. 

Found in Hungary, the Palatinate, Deuxponts, and 
in France, Spain, and Sweden. 

Sulphuret of Mercury. 

a. Cinnabar. Hepatic Cinnabar. Liverore, No. 92. 

Hatty, 3.313. Phil. 358. Haid. 3.44. Leon. 631. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. CnvsT. fig. 106. 1\1V 
= 71° 48'. Cleavage distinct, parallel to plane e, 
fig. 111. Fracture conciioidal. Hard. 2.0, 2,5. 
Sp.gr. 8.1. Transparent, translucent. Lustre 
adamantine. Colour bright red, aud darker shades 
to reddish-grey. Streak scarlet. 

Massive varieties, amorphous. Structure granular to 
compact, sometimes fibrous and pulverulent. 

The Hepatic and Bituminous Cinnabar appear to be 
mixtures of this ore wit^i shale and coarse coal. 

Found in Europe, chiefly at Idria in Carniola, at 
Almaden in Spain, and in the Palatinate, and in 
several parts of Mexico and South America. 

Mf.sole, No. 209. 

Haid. 3.126. Leon. 206. 

Occurs in globular aud reniform masses, sometimes 
imbedded, but generally covering a thin stratum of 
Mesoline. Structure fibrous, foliated, radiating. 
Hurd. 3.5. Sp gr. 2.37. Translucent. Lustre 
pearly. Colour white, sometimes yellowish. 

Found in the Faroe Islands. 

M Esom*E. Natrolite, No. 207. 

Hatty, 3.179. PliiJ. 123. Haid. 2.236. Leon. 204. 

Occurs in attached crystals and massive. 

Primary form u Right rhombic prism. Cryst. fig. 71. 
M,M' = 91° 10'. Cleavage parallel to the lateral 
planes. Fracture conciioidal. Hard. 5.0, 5.5. 
Sp.gr. 2.249. Transparent, translucent. Lustre 
vitreous. Colour white, with shades of grey, red, 
and yellow. Streak white. 

Massive varieties, globular and reniform. Structure 
fibrous, radiating. Surface drusy. 

Found in Iceland, the Faroe Islands, Scotland, Ire¬ 
land. aud in many other places, lining cavities in 
basaltic and porphyritic roeks and ancient lavas. 

Mf.solitk. Needle Stone , No. 208. 

Corresponds nearly with the preceding description, 
but the angle of the prism is 91° 20'. 

Mica. 

It is certain that several distinct species of Minerals 
are included under tins name, merely because they 
may be easily split into very thin, shining plates, 
but they cannot at present be distinguished by any 
characters which have been hitherto given. The 
following description of cryslulline forms applies 
principally to the micas from Y'esuvius. 


A L O G Y. 

a. Rhomboidal, No. 258. Miqcralogv 

Hatty, 3.111. Phil. 106. Haid. 2.198. Leon.437. —v—' 

Occurs in attached hexagonal prisms, and massive. 

Primary form a Rhomboid. Cryst. fig. 106. Cleav¬ 
age very distinct, perpendicular to the axis. ■ Frac¬ 
ture not ohservable. Hardness of the cleavage 
surfaces 2.0. 2.5, that of the edges being 4.5, 5.5. 

Sp.gr. 2.7,3.0. Transparent, translucent. Lus¬ 
tre vitreous, pearly on the cleavage surfaces. Co¬ 
lour white, grey, black, brown, pale red, dull yel¬ 
low, green. Streak white, grey. 

Massive varieties, globular, structure fibrous, foliated. 
Amorphous, structure foliated, granular, fibrous. 

Found in primitive rocks iu all parts of the World, 
and abundantly in the masses ejected from Vesuvius. 

b. Oblique prismatic. No. 259. 

The preceding references and descriptions will pro¬ 
bably apply to this variety, with the exception of 
the crystalline form, which is an Oblique rhombic 
prism. Cryst. fig. 83. P,M —. 98°40'. M,M' = 

120°. Phil. 

c. Lf.pidolite. Lilac Mica, No. 260. 

Hatty, 3.116. Phil. 141. Haid. 2.202. Leon. 451. 

Occurs in amorphous masses, composed generally of 
small, thin, flexible scales. Fracture uneven. Sp.gr. 

2.832. The scales or plates are translucent. Co¬ 
lour pearl-grey, rose and purple-red, and greenish. 

. Found at Rozena in Moravia, at Uto in Sweden, in 
North America, and some few other places. 

d. Maroaiute. Pearl Mica, No. 261. 

Phil. 203. Haid. 2.204. Leon. 766. 

Occurs in thin, hexagonal, attached crystals, and in 
masses of small, thin, shining lamintc. 

Primary form a Rhomboid. Cryst. fig. 56. Cleavage 
distinct, perpendicular to the axis. Fracture not 
observable. Hard. 3.5, 4.5. Sp.gr. 3.032. Trans¬ 
lucent. Lustre pearly, bright. Colour greyish, 
reddish, and yellowish-white. Streak white. 

Found at Sterling in the Tyrol. 

e. Rubei.i.an. Red Mica? No. 262. 

Leon. 974. 

Occurs in small, imbedded, hexagonal, micaceous 
plates, not elastic. Soft. Sp.gr. 2.5, 2.7. Colour 
reddish-brown. 

f. Oderit. Black Mica ? No. 263. 

Occurs in masses which may be spIiWnto thin leaves 
like mica. It is opaque and black, with very little 
lustre, and is probably mica, containing some 
foreign matter, which has altered its usual appear¬ 
ance. 

Found in Sweden. 

Molybdenum* 

Sulphuret of Molybdenum. 

a. Molybdenite, No. 107. 

Hatty, 4.326. Phil. 248. Ilaid. 3.18. Leon. 667. 

Occurs in imbedded hexagonal crystals, and massive. 

Primary fortn a Rhomboid. Cleavage very distinct, 
perpendicular to the axis. Fracture not observable. 

Hard. 1.0,1.5. Sp.gr. 4.5,4.7. Opaque. Lustre 
metallic. Colour lead-grey. Streak the same. 

Thin laminae very flexible. 

Massive variety, amorphous, structure granular, fo¬ 
liated. 

Found in Saxony and Bohemia, and in other places 
in Europe and America. 



MINERALOGY. 


509 


Mineralogy OxiDF. OF MOLYBDENUM, Ntt 416. 

• ~ v —' Phil. 249. 

Occurs as a crust on the sulphiiret, and in thin layers 
between its laminae. Structure earthy, and very 
thin fibrous. Friable. Dull. Colour pale yellow. 

Fouud iu Norway, Scotland, and North America. 
Has not been analyzed. 

Monticellite, No. S62. 

P.M. and An. 10.265. 

A Mineral from Vesuvius, nearly resembling Peridot 
in its form and measurements, but requiring fur¬ 
ther examination of better specimens for the pur¬ 
pose of a more exact description. 

Murchibonitk. No. 368. 

P.M. and An. 1.448. 

Occurs in imbedded crystuls and crystalline masses. 

Primary form an Oblique rhombic prism. Crvst. fig. 
83. P,A, fig. 91 = 106° 50'. Cleavage distinct 
parallel to P and to both its diagonals. Fracture 
uneven. Hard. 5.5, 6.0. Sp.gr. 2.509. Trans¬ 
lucent, opaque. Lustre vitreous, pearly on the 
plane h. Colour white, with a slight tinge of red. 

Found imbedded in the new red sandstone at Daw- 
lish, and at Henvitree, near Exeter, Devonshire. 

The inclination of P on h agrees very nearly, if not 
exactly, with the measurement on corresponding 
planes of the moonstone of Ceylon, the peculiar 
lustre of which is observable, as iu Murchisonite, 
only on the plane h. 

Muriatic Acid Gas, Chlorine, No. 58. 

Occurs iu the state of gas. Transparent. Sp.gr. 
1.274. Odour pungent. Taste acid. 

Found in the neighbourhood of active volcanoes. 

Necbonite, No. 3G4. 

Appears from its cleavage, hardness, and some other 
characters to be felspar. 

Nf.phki.ine. SommiU', No. 239. 

Hatty, 3.347. Phil. 125. lluid. 2.250. Leon. 468. 

Occurs in attached hexagonal prisms. Primary form 
a Rhomboid. Cbyst. fig. 106. P,P' sr 88° 55'. 
lluid. Cleavage indistinct, parallel to the planes 
of the hexagonul prism. Fracture conchoidal. 
Hard. 6.0. Sp.gr. 2.56. Transparent, translucent. 
Lustre vitreous. Colour white. Streak white. 

Found among the matter ejected from Vesuvius. 

Nickel. 

Arskniatk of Nickel, No. 474. 

Hatty, 3.421. Phil. 284. lluid. 2.446. Leon. 164. 

Occurs as a powdery crust on the surface of urseniuret 
of nickel, and massive. Opaque. Dull. Colour 
green, and greenish-white. 

Found accompanying arseniuret of nickel, and produced 
from the decomposition of that substance. 

Arseniuret of Nickel. 

Coffer Nickel, No. 28. 

Hatty, 3.417. Phil. 283. Haid. 2,446. Leon. 678. 

Occurs in botryoidal and reniform masses, with a 
fibrous structure ; more commonly amorphous. 
Structure compact. Fracture uneven. Splintery. 
Hard. 5.0, 5.5. Sp.gr. 7.65. Opaque. Lustre 
metallic. Colour yellowish and greyish-red of 
different shades. Streak pale brownish-black. 

Found in Cornwall, Scotland, Saxony, Bohemia, and 
other parts of Europe, and in South America. 


Oxide of Nickel, No. 130. 

Phil. 284. 

Occurs in a green Mineral named Pimelite, hut whe 
(her combined with silica, or merely colouriiin- 
hydrous quartz, appears uncertain. ' 

Found in Serpentine in Silesia. 

Sulphuret of Nickel. 

Native Nickel. Capillary Nickel. No. 76 . 

Hatty, 3 412. Phil. 282. llaid. 3 129. Leon. 651. 

Occurs iu regular hexagonal cupillary crystals. 

Primary form a Rhomboid. Crvst. fig. 100. Opaque. 
Lustre metallic. Colour yellow, sometimes greyish. 

Found in Wales and Cornwall in England, and in 
Saxony, Bohemia, and the Hartz. 

Sulpho-arseniuret of Nickel. 

Nickelqlanz. Grey Nickel. No. 115. 

An. 15.147. Leon. 652 

Occurs massive. Structure gmuular. Fracture of 
the mass uneven, the separate grains foliated. 
Easily frangible. Sp.gr. 6.129. Opaque. Lustre 
metallic. Colour pale lead-grey, becoming reddish 
by taruish. 

Found in Sweden and in the Hartz. 


Mineralogy 


Nuttallite, No. 365. 

Haid. 3.133. "Leon. 765. 

Occurs in attached and imbedded crystals. 

Primary form a Square prism. Crvst. fig. 65, of the 
same dimensions ns Scapolitc. Cleavage parallel 
to the lateral planes. Fracture uneven. Hard. 
4.0,4.5. Translucent. Lustre vitreous. Colourgrcy. 

Found at Bolton in Massachusetts. And probably 
some of the dark grey Scapolites from Finland will 
be found to belong to this species. 

Obsidian. Marckanite , No. 249. 

Natty, 3.101. Phil. 112. Haid. 2.337. Leon. 413. 

Occurs massive and in rolled grains. Structure com¬ 
pact. Fracture conchoidal. Hard. 6.0, 7.0. Sp.gr. 
2.35, 2.40. Transparent, opaque. Lustre vitreous. 
Colour greyish-brown, greenish or brownish-black, 
black, dull red, and dull green. 

Found in the neighbourhood of most volcanoes, nud 
iu beds and veins traversing rocks in many parts 
of Europe, Asia, and America. 

Obsidian, Pitchstone, Pcarlstone, and Pumice have 
been considered as belonging to the same Mineral 
species, from the apparent passage of one into the 
other, and the consequent absence of exact charac¬ 
ters by which they may be distinguished. There 
appears, however, a chemical dift’ercncc in their 
composition; the Pitchstone and Pearlslone con¬ 
taining water, which the others do not; ou which 
account they have been kept separate in this Trea¬ 
tise. 

Osmelite, No. 366. 

P.M. and An. 3.71. 

Is said to consist of thiu prismatic concretions, either 
scopiformly or stellularly arranged, and these again 
collected into masses of coarse, granular concre¬ 
tions. Cleavage apparent in only one direction. 
Hard. 4.0, 5.0. Sp.gr. about 2.8. Translucent. 
Colour whitish, yellowish, and brownish-grey. Feels 
greasy. Odour strong clayey. Taste like clay, 
and seems to dissolve in the mouth, but without 
producing any apparent change in the substance. 

Found atNiederkirch*’!!, near Wolfetein, on the Rhine. 

Osmium, a metal found combined with Iridium, in small 
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Mineralogy grains among the plutina in South America and 
Russia. See Iridium. 

OSTRANITE, No. 367. 

E.N.P.J. 4.186. Leon. 765. 

Is said to occur crystallized in the form of a Right 
rhombic prisin,ofaboul96°. Hard, about 6.5. Spgr. 
4.32. Lustre vitreous. Colour dark brown. 

Found in Norway, and supposed by M. Breithaupt to 
be a new metallic oxide. 

Palladium, No. 14. 

Hatty, 3.230. Phil. 325. Haul. 3.134. Leon. 
Occurs in rolled grains accompanying the native pla- 
tina of Brazil, and in miuute particles, imbedded 
in mid combined with much of the native gold of 
Brazil. 

Structure of the rolled grains fibrous, divergent. 
Sp.gr. 11.8. Opaque. Lustre metallic. Colour 
whitish steel-grey. 

Pearlstonk, No. 245. 

Phil. 112. I laid. 2.337. Leon. 182. 

Occurs massive. Structure granular, the grains va¬ 
rying in size, and formed of thin concentric la¬ 
mina 1 . Fracture uneven. Hard. 4.5, 5.0. Sp.gr. 
2 34. Translucent, opaque. Lustre pearly. Co¬ 
lour grey, greyish-black, blackish or reddish-brown. 
Found principally at Tokay, in Hungnry, also at 
CabodaGato, in Spain, and in a few other places. 
Sec Obsidian. 

Pektolitk, No. 225. 

EJ.S. 9.364. 

Occurs iu spheroidal masses. Structure fibrous, ra¬ 
diating. Hard. 4.5,5.5. Sp.gr.2.69. Nearly opaque. 
Lustre pearly. Colour greyish-white. 

Found on Natrolite at Monte llaldo, South Tyrol. 
Peridot. Chrysolite. Olivine? Hyalosiderite? No. 283. 
Hatty, 2.465. Phil. 95. 96. Haid. 2.345. Leon. 530. 
Occurs in attached, imbedded, and loose crystals, and 
massive. 

Primary form a Right rhombic prism. Crvst. fig. 71. 
M,M'=I20°. Levy. Fracture conchoidal. Hard. 
6,5, 7.0. Sp.gr. 3.441. Transparent, translucent. 
Lustre vitreous. Colour green of various shades, 
sometimes yellowish or brownish. Streuk white. 
Massive varieties, amorphous. Composition granular, 
the grains slightly coherent. 

The locality of the Chrysolite used in jewellery is not 
known, but is supposed to be Upper Egypt. 
Oliviue occurs in basalt and lava in Bohemia, 
Hungary, on the banks of the Rhine, and in other 
places. 

Petalite, No. 229. 

Hally, 3.137. Phil. 143. Haid. 2.248. Leon. 416. 
Occurs iu masses composed of smaller crystalline 
masses, promiscuously aggregated, sometimes so 
minute us to appear compact. Cleavage parallel 
to the lateral plaues and both diagonals ot a rhombic 
prism of about 100°. Fracture uneven. Hard. 6.0, 
6 5. Sp.gr. 2.44. Translucent. Lustre vitreous. 
Colour white. Streak white. 

Found at Utiin in Sweden, and in North America. 
Picrolitb, No. 251. 

Phil. 209. Haid. 3.136. Leon. 225. 

Occurs massive. Structure thin fibrous. Fracture 
splintery. Hard. 3.0,6.0. Nearly opaque. Little 
lustre, inclining to pearly. Colour yellowish- 
green. 

Found at Taherg and Nordmarken in Sweden. 


Picrosmine, No. 252. Miaeralog) 

Haid. 3.137. Leon. 512, 768. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Crybt. fig. 71. 

M,M' = 117° 49'. Cleavage distinct parallel toP, 
indistinct parallel to the long diagonal and to M. 

Fracture indistinct, uneven. Hard. 2.5,3.0, Sp.gr. 

2.66. Nearly opaque. Lustre dull vitreous, pearly 
on the surface M. Colour greenish-white, green of 
several shades, sometimes blackish. Streak white. 

Massive varieties: structure thin fibrous, fracture 
splintery; granular to compact, fracture earthy. 

Found at Engelsburg in Bohemia. 

Pinite, No. 266. 

Ilniiy. 2.353. Phil. 80. Haid. 3 139. Leon. 464. 

Occurs in imbedded crystals, which arc generally 
hexagonal prisms. 

Primary form u Rhomboid. Crybt. fig. 106. P,P 
unknown. Cleavage very indistinct. Fracture 
uneven. Hard. 2.0,2.5. Sp.gr. 2.78,2.98. Opaque. 

Lustre slightly resinous. Colour greenish-grey, 
hluckish-brown, brown, blackish-green. 

Found in Saxony, Auvergne, England, and some 
other parts of Europe, and in North America. 

Pinguite, No. 368. 

E.N.P.J. 9.382. Leon. 468. 

Occurs massive at Beschert-Gluck, Saxony, and is 
said to resemble Bole and Green iron earth ; two 
names under which several substances differing in 
most of their characters appear to have been 
classed. Hence they afford little indication of the 
characters of Pinguite. 

PlTCUSTONE, No. 246. 

Phil. 130. Haid. 2.337. Leon. 181. 

Occurs massive. Structure compact, sometimes slaty. 

Fracture imperfect conchoidal, one of the characters 
by which it is distinguished from Obsidian. Hard. 

5.0, 6.0. Sp.gr. 2.3, 2.7. Translucent, opaque. 

Lustre resino-vitreous. Colour grey, black, brown, 
red, yellow, green, blue, dull and ’ sometimes va¬ 
riously mixed. 

Found at Meissner in Saxony, in Ireland, the Western 
Islands of Scotland, and in other places. 

See Obsidian. 

Platina, No. 15. 

Hatty, 3.226. Phil. 324. Haid. 2.441. Leon. 705. 

Occurs in grains of various sizes. No cleavage. 

Fracture hackly. Hard. 4.0, 4.5. Sp.gr. 17.332. 

Opaque. Lustre metallic. Colour steel-grey. 

Streak shining. 

Found in Peru, Brazil, and lately in Russia. 

Pluranium, P.M. and An. 2.391, 5.234. 

A metal Baid to have been discovered in the Russian 
Plutina by Professor Osann of Dorpat. 

Poi.yhali.ite, No. 538. 

Plul. 199. Haid. 3.141. Leon. 769. EJ.S. 7.246. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Crybt. fig. 

71. M.M'sc about 115°. Cleavage indistinct, pa¬ 
rallel to M.M'. Fracture uneven. Hard. 2.5. 

Sp.gr. 2.78, 2.77. Opaque. Lustre resinous. 

Colour pale flesh-red, sometimes yellowish. 

Found at Ischel in Upper Austria. 

Poonahlite, No. 369. 

P.M. and An. 10.109. 

Occurs in long slender crystals accompanying Apc- 
phyllite and Stilbite. 
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Vracralogy Primary form a Right rhombic prism. Cryst. fig. 

' 71. M,M' = 92°20'. Fracture uneven. Trans¬ 

parent, translucent. Lustre vitreous. Colourless, 
white. 

Found at Poonah in the East Indies. 

ToTAin. 

Nitrate of Potash. 

a. Nitre. Saltpetre, No. 517. 

Haiiy, 2.177. Phil. 189. Haid. 2.34. Leon. 247. 

Occurs in crusts and capillary fibres, on or near the 
surface of the earth, and in old walls, &c. Hurd. 
2.0. Sp.gr. 1.93. Transparent, translucent. Lus¬ 
tre of the fractured surface vitreous. Colour white, 
sometimes yellowish. Tuste saline and cool. 

Found in most parts of the World. 

Sulphate, of Potash. 

a. Bernhardite, No. 524. 

Hatiy, 2.187. Haid. 3.159. Leon. 271. 

Occurs at Mount Vesuvius in small white tubercular 
or globular masses on lava. Hard. 2.5, 3.0. 
Sp.gr. 1.737. Translucent. Lustre of the frac¬ 
tured surface vitreous. 

Preiinitk, No. 222. 

Kovpholite when in very thin crystals. 

Haiiy, 2.603. Phil. 36. Haid. 2.217. Leon. 470. 

Occurs in attached and aggregated crystuls and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M' = 99° 50'. Cleavage distinct, parallel to P, 
less so parallel to the lateral planes. Fraction 
uneven. Hard. 6.0, 7.0. Sp.gr. 2.926. Trans¬ 
parent, translucent. Lustre vitreous. Colour 
white, grey, yellow, green of various shades. Streak 
while. 

Massive varieties, globular, hotryoidal, nodular, sla- 
luctitic. Structure broad fibrous. Amorphous, 
structure granular, compact. Surfaces rough, 
drusy. 

Found originally at the Cape of Good Hope, and 
since at many places in Europe, America, and 
Asia. 

Pumice, No. 247. 

Phil. 133. Haid. 2.337. Leon. 411. 

Occurs massive. Structure fibrous, and very porous. 
From its porous structure it flouts on water. Trans¬ 
lucent, opaque. Lustre of some varieties vitreous, 
but generally pearly. Colour grey, sometimes 
brownish or yellowish. 

Found principally in the Lipari Islands. 

See Obsidian. 

Pyrallolite, No. 166. 

Phil. 68. Haid. 3.141. Leon. 512. 

Occurs crystallised and massive. Cleavage parallel to 
the lateral planes of a prism of about 94° 36'. 
Fracture earthy. Hard. 3.5, 4.0. Sp.gr. 2.55, 
2.60. Translucent, opaque. Lustre resinous. 
Colour white, occasionally greenish or yellowish. 

Massive variety, structure fibrous, granular. 

Found at Pargas in Finland. 

PYRARQILLITE, No. 870. 

Occurs in bluish and brownish-black amorphous 
masses, in a felspar or granitic rock in Finland. 

Pyrobhylute, No. 255. 


Formerly known as Radiated Talc, hut newly named Mineralogy 
on account of its ready exfoliation on exposure tc 
heat. 

Pyrobmalite, No. 282. 

Phil. 235. Haid. 8.143. I.eon. 772. 

Occurs in attached and imbedded hexagonal prisms. 

Primary form a Rhomboid. Cavsr. fig. 106. 

Cleavage distinct perpendicular to the mis, indis¬ 
tinct parallel to the planes ot the prism. Fracture 
uneven. Hard- 4.0, 4.5. Sp.gr. 3.08. Trans¬ 
parent, opaque. Lustre of the transparent variety, 
vitreous, of the opaque, pearly on the cleat age 
surface. Colour greyish-green. Streak pale. 

Found at Nordinurk in Sweden. 

Pyroxene. Atali/e. llaikatite. Diopside. Fassaitc. 
Malacolite. Mnssite. Pyrgnm. Sahlite, No. 268 
to 272. 

ITaiiy, 2.407. Phil. 58. Haid. 2.268. Leon. 503. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form an Oblique rhombic prism. Ciiyst. 
fig. 83. P.M = 105° 45'. M,M' = 87°5'. Cleavage 
parallel to the luteral planes and to both the dia¬ 
gonals. Fracture couchoidal, uneven. Hard. 5.0, 

6.0. Sp.gr. 3.23, 3.35. Transparent to opaque. 

Lustre vitreous, vitreo-rcsinous. Colour white, 
grey, black, brown, yellow, green, of many shades. 

Streak paler colour. 

Massive varieties, amorphous. Structure granular, 
columnar, parallel, and radiating; laminar. 

Found in most basaltic rocks, in luvu, and in the 
older rocks in most parts of the World. 

H.umoi.ite? No. 224. 

E.J.S. 10.370. 

The notice referred to is that of an analysis by Hune- 
leld of a substance called Radiolite, unaccompanied 
by any description or indication of locality. A spe¬ 
cimen in the writer’s possession, so named we be¬ 
lieve by Esinark, exactly resembles the fibrous 
Mineral from Norway named Bergmannite. Hut 
whether this is the Mineral analyzed by Hiniefeld 
* fs uncertain. 

Hazoumofpskin, No. 371. 

An. 4.215. 7.62. 

A white powder discovered by Lentz in the clefts 
of qunrtz rocks in Silesia. In vol. iv. of the 
Annals of Phil, it is said to be composed of silica, 
alumina, potash and water; and in vol. vii. it is 
said to contain silica, magnesia, and carbonic acid. 

Hence two different Minerals have passed under this 
name. 

Rhodium. A brittle metal found by Dr. Wollaston in 
combination with native platina as uu alloy. 

Rhutknium. P.M. and An. 2.391. 5.283. 

A metal said to have been discovered in the Russian 
platina by Professor Osann of Dorpat. 

Sapiiirine, No. 313. 

Lcnn. 775. 

Occurs in thin crystalline plates, separated by plates 
of mica. Fracture uneven. Hard. 7.0, 8.0. 

Sp.gr. 3.42. Translucent. Lustre vitreous. Co¬ 
lour blue, sometimes greenish. Streak white. 

Found in Greenland. 

Sarcoute, No. 372. 

P.M. and An. 10.189. 

Occurs in attached crystals. 

Primary form a .Square prism. Cryst. fig. 61. Trans- 
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Minrr<itagy parent, translucent. Lustre vitreous. Colour 

''“•'V - ""' white, and pale flesh-red. 

Found in cavities in the masses ejected from Vesuvius. 

Red Analcime and Gmelinite have incorrectly passed 
under this name merely on account of their colour. 

Scapolite. Paranlhine. Wcrnerite. Chelmsfordile, 
No. 285. 

Hatty, 2.586. Phil. 137. Haid. 2.264. Leon. 474. 

Occurs in attached and imbedded crystals and mas- 

Priinary form a Square prism. Cryst. fig. 61. Fre¬ 
quently decomposed and dull on the surface. 
Cleavage parallel to the primury planes and both 
the diagonals. Fracture uneven. Hard. 5.0,5.5. 
Sp.gr. 2.72. Translucent, opaque. Lustre vitreous. 
Colour white, grey, green, red. 

Found in Norway, Sweden, Finland, Greenland, and 
in North America. 

Mcionite, No. 236. Generally in transparent crystals 
from Vesuvius. 

SciTEELIVM. 

a. Oxide of Scueelium. Schcelic Acid? Tungstic 
Acid? No. 412. 

Phil. 254. 

Occurs massive, with some appearance of crystalline 
form. Fracture conchoidal. Sp.gr. 6.0. * Trans¬ 
lucent. Lustre adamantine. Colour yellow of 
diflerent shades, sometimes greyish. Resembles 
sulphur in appearance. Inodorous. Tasteless. 
Insoluble in acids. 

Found in quartz in a mine near Baltimore ? North 
America. 

Schiller Spah. Diallage Metallaide. No. 287. 

Hatty, 2.455. Phil. 71. Haid. 2.206. Leon. 517. 

Occurs in crystalline plates and small aggregated 
crystals generally in serpentine. , Cleavage parallel 
to the lateral planes and to both the diagonals of a 
rhombic prism of about 93° 30'. The angle of 
135° to 140° quoted by Haidinger is evidently the 
inclination of a primary to a diagonal plane, which 
is 136° 15'. Fracture uneven, scarcely observable. 
Hard. 3.5, 4.0. Sp.gr. 2.69. Nearly opaque. 
Lustre pearly metallic. Colour yellowish and black¬ 
ish green. 

Found at Baste in the Harlz, at Zttbliz in Saxony, 
and a few other places. 

SmoARiTE, No. 529. 

Leon. 258. 

This Mineral is said to be fibrous, and composed of 
10 parts of silex and 90 of sulphate of barytes, 
and to be soluble in sulphuric acid. 

Its professed locality is Carlisle, in the State of New 
York, North America. 

Selenium, No. 45. 

Occurs ns a red coaling on sulphur, and sometimes 
in small globular and botryoidal shapes, with a 
smooth and bright surface. Fracture conchoidal. 
Translucent. Lustre vitreous. Colour pale dull 
red. 

Found in the Lipnri Islands. 

SlDEROCLEPTE, No. 373. 

Qal. 273. 

Soft. Translucent. Lustre greasy. Colour yellow. 
Ish-green. 


Found in the lavas of the extinct volcanoes of Brig- MbmAt/ty 
gau. 

SuLPHURETOF SELENIUM, No. 110. 

E.P.J. 13.190. Leon. 599. 

Found in the Lipari Islands, disposed in layers, and 
of a brownish-yellow colour. 

Ssuca. 

Hatty, 2.228. Phil. 1. Haid. 2.321. Leon. 372. 

The differences of structure, hardness, specific gravity, 
mixture with foreign matter, and other characters 
belonging to this species, are so numerous as to 
render any single description inapplicable to all its 
varieties. And the intimate connection of some of 
these with others, into which they appear to pass 
by insensible degrees, as that of brittle opal into 
tough calcedony, renders it equally impracticable 
to define with precision their respective limits. It 
will, however, be convenient to divide the species 
first into anhydrous, which we simply term 
quartz, and hydrous quartz ,• and each of these into 
smaller subdivisions. 

Quartz, No. 154. 

a. The structure crystalline. 

1. Attached, imbedd:d, and aggregated crystals. 

Colourless, transparent. jRock crystal. 

Coloured, and of various degrees of transparency 

und trnnslucency. 

White. 

Grey. 

Black. 

Brown. Smoky quartz. 

Red. Compostella quartz. 

Yellow, transparent. 

nearly opaque. Eisen Kiescl. 

Green, transparent. 

nearly opaque. Prase, 

Blue, translucent. Siderite. 

Purple. Amethyst. 

Primary form a Rhomboid. P,P / =94°15'. Cleavage 
parallel to the planes of the hexagonal prism and 
pyramids of the ordinary crystals. Fracture con¬ 
choidal. Hard. 7.0. Sp.gr. 2.69. Transparent to 
opaque. Lustre vitreous, in some varieties resi¬ 
nous, Colour of almost every variety. 

2. Amorphous. 

Colourless, transparent. Rock crystal. 

Slightly bluish pale grey. Milky quartz. 

Slightly greyish with little lustre. Fat quartz. 

Pale red. Rose quartz. 

Pale green, a variety of Amethyst. 

Pale brownish-red, and greenish-grey, slightly 
coloured, penetrated by Amianthus. Catseye. 

Blue. Siderite. , 

Containing minute fissures or scales of mica 
which reflect many brilliant points of light. 
Avanturine, 

3. Massive aggregations of particles in which the 

crystalline structure is apparent. 

Fibrous, the fibres parallel or divergent. 

Granular, the grains varying in size, and co¬ 
hering with different degrees of force, or being 
loose in the form of sand. 

b. The crystalline structure of the particles not appa¬ 

rent. 

Chalcedony. Botryoidal, stalactitic, reniform,nodu- 
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lar, amorphous, and sometimes in pseudomor- 
phous crystals of the forms of carbonate of lime, 
(Hornstonc,) and of Datholitc. (Haytorite.) The 
nodular varieties are 

Onyx, when composed of flat layers or bunds 
of different colours. 

Agate, when the bands arc concentrically 
curved. 

Other varieties arc 

Sard, brownish*ycliow. 

Plasma, dark green, translucent. 

Chrysoprase, when pale green. 

Cornelian, when white, or brownish or yellow¬ 
ish-red. 


Heliotrope , dark green spotted with red, opaque. 
Flint, in nodular and tabular masses of various 
shades of black and grey, and of other colours. 
Mixed with variously coloured clays and other 
extraneous matter, and generally opaque. 
Jasper, principally red, yellow, brown, and green 
of many shades. 

Flinty slate, Basanite Touchstone. Colour 
dark greyish-black. 

Hydrous Quartz, No. 1-55. 

Occurs nodular and amorphous.' 

Opal distinguished as 

Precious, when it presents iridescent colours. 

Fire, opal, when the internal reflection is bright red. 
Hydrophone, when transparency and the colours of 
the precious opal may be produced by immersion 
in water. Appendix. 

Common opal, when the colours, which are very 
various, are simple. 

Semi opal, when it is dull and opaque. 

Wood opal, showing the woody structure. 
Cachotong, white opaque opal. 

Opal jasper, if mixed with much foreign matter. 
Mmilite, opaque and brown. 

Hyalite, Fionte, in small globular and botryoidal 
forms. 

Gcyserite. Silieious sinter. No. 159. Nilirious De¬ 
positsfrom thehotsprings in Iceland and elsiwhere. 
Structure compact, resembling opal, to flue granular 
and earthy. 

IlrnnosiLicirK, No. 156. 

Appendix to Quartz. 

P.M. n.s. 3.71. 


Occurs in amorphous masses in serpentine. Frac¬ 
ture even. Soft. Translucent. Dull. Colour white. 
Feels greasy. 

Found at Frankenberg in Silesia, accompanying 
chrysoprase, opal, and pimelite. 

KoNiuire. No. 157. 

Phil. 207. Leon. 753. 

Occurs in the form of a loose white powder in some of 
the ainygdaloids in the Highlands of Scotland and 
some of the Western Islands. It appears front 
analysis to be nearly pure silex, but its ready fusi¬ 
bility into a transparent colourless bead induced 
Dr. Mncculloch to suppose that it contained some 
other mutter besides a small portion of lime which 
easily separated from it. 

Tripoli, and Poi.isiiino Slate, No. 158. 

Leon. 785. 

These appear to be nearly similar compounds of 
silica in a finely divided state, with small propor¬ 
tions of alumina and oxide of iron. 

VOL. VI. 


They are massive, earthy, friable, anti of a grevisli, Mineralogy 
brownish, or yellowish colour. ' 

Found in France, Italy, and some parts of Ger¬ 


many. 


SlLKEtt . 

Stibiurel of Silver, 
a. Antimonial Silveh, No. 26. 

Ilauy, 3.258. Phil. 236. Haul. 2.427. Leon. 685. 
Occurs crystallized, granular, and massive. 

Primary form a Bight rhombic prism. Ciiyst. fig. 71 . 
M.M' about 120°. Cleavage parallel to the ter¬ 
minal plane and short diagonal of the prism. 
Fracture uneven. Hard. 3.5. Sp.gr. 9.41, 0 H2. 
Opaque. Lustre metallic. Colour silver-white. 
Streak the same. 

Massive varieties, amorphous, structure granular, 
foliated. 

Found in the Hartz., in Salzburg, and ut Guadal¬ 
canal in Spain. 

Arsenical Stibiurel of Silver frequently accompanies 
the preceding, of which it is considered a variety 
containing a mixture of arsenic. 

Carbonate of Silver, 
a. Selbite, No. 459. 

Ilauy, 3 290. Phil. 295. Leon. 702. 

Occurs massive and disseminated in veins traversing 
granite. Structure line granular. Fracture un¬ 
even. Soft. Heavy. Opaque. Lustre metallic. 
Colour greyish-black. 

Found at Altwolfulch in (he Black Forest. 

Chloride of Silver. 

a. Laxmannite. Horn Silver. Muriate of Silver, No. 
67. 

Hauy, 3.292. Phil. 295, Ilaid. 2.154, Leon. 581. 
Occurs crystallized and massive. 

Primary form a Cube. Cnvsr. fig. 56. No cleavage. 
Fraeture uneven. Hard. 1.0, 1.5. Sp.gr. 5.55. 
Translucent. Lustre resinous, bright. Colour grey, 
yellow, green, blue of different shades, mostly dull. 
Streak shining. Seetile. 

Found with other ores of silver in several parts of 
Europe and America. 

Iodide of Silver, 
a. ITrnuEaALiTE, No. 57. 

Nuevo Systems Mineral, por Del Rio, p. 8. 

Structure lamellar. Soft. Externally white, inter¬ 
nally yellowish. 

Found in serpentine at Albarrudon in the Slate of 
Zacatecas, Mexico. 

Native Silver. 

a. StLVEit, No. 11. 

Ilauy. 3.249. Phil. 285. Ilaid. 2.433. Leon. 699. 
Occurs crystallized, dendritic, capillary, and massive. 
Primary Ibrm a Cube. Ciiyst. fig. 56. No cleavage. 
Fracture hackly. Hard. 2.5. 3.0. Spgr. 10.473. 
Opaque. Lustre metallic. Colour white. Streak 
shining. 

Massive varieties, amorphous, laminar. 

Found in many different places in Europe and Ame¬ 
rica. 

b. Auriferous Native Silver docs not appear to form a 

distinct chemical species, hut differs in the propor¬ 
tions of gold and silver in different specimens. 
Seleniuret of Silver and Copp■ r. 
a. EucAimrE, No, 54. 

3 v 
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Mineralogy Hatty. 3.470. Phil. 294. Haiti. 3.94. Leon. 593. 

Occurs in small granular mosses in a serpentine rock. 
Soft. Opaque. Lustre metallic. Colour greyish- 
white. 

Found in Sweden. 

Sulphuret of Silver. 

a. 1 f i.\'KF.i.m.:. Silver Glance, No. 88. 

Haiiy, 3.265. Phil. 288. Huid. 3.11. Leon. 0.35. 
Occurs in attached and aggregated crystals and 
massive. 

Primary form a Cube. Cryst. fig. 65. Fracture 
uneven. Hard. 2.0,2.5. Sp.gr. 7.196. Opaque. 
Lustre, metallic. Colour lead-grey, sometimes 
blackish from tarnish. 

Mani re varieties, amorphous, laminar. 

Found in most silver mines. 

Sulphuret tf Silver and Iron? 
a. STEtiNBEiitan;, No. 91. Flexible Sulphuret of Silver 
of Hull moil. Cat. 209. 

K.J S. 7.242. Leon. 779. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M'— 119° .3-/. Cleavage distinct parallel to 
the terminal plane. The lamime very Uexihle. 
Hard. J.O, 1.5. Sp.gr. 4.215. Opaque. Lustre me¬ 
tallic. Colour dark- brown, often with a blue tar¬ 
nish. Streak black. 

Found at Jnachimsthul in Bohemia, 

Sulphuret of Silver and Antimony. 

Urd Silver. 

[thomboidal. 
a. BnvMuurK, No. 101. 

Haiiy, 3.269. Phil. 291. Haiti. 3 38. Leon. 610. 
Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P.P' 
— 10b° 3o'. Cleavage parallel to the primary 
planes, generally indistinct. Fracture couchoidal. 
Hard. 2.0, 2.5. Sp gr. 5.846. Translucent. 
Opaque. Lustre adamantine. Colour red, of dif¬ 
ferent shades, frequently dark and blackish. 
Streak red. 

Massive varieties, amorphous, structure granular, 
compact. 

Found in many paits of F.uropc and America. 

Obliijiie Prismatic, 
h. WiARuuim:, No. 105. 

Haiti. 3.12. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Cryst. 
fig. S3. M,M' = 86°4'. T,h, fig. 91, 101° 6'. 
Cleavage imperfect. Fracture uneven. Hard. 2.0, 
2.5. Sp.gr. 5.234. Nearly opaque. Lustre 
bright metallic. Colour iron-black. Streak dark 
red. 

Found near Freiberg in Saxony. 

Right Prismatic. 

c. Polyrasite. Brittle Silver, No. 106. 

Haiiy, *.2s<). Phil. 390. Haid. 3.27. Leon. 639. 
Occurs in attached and aggregated crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,.Yt' — 111 0 8'. Haid.' Cleavage imperfect. 
Fracture uneven. Hard. 2.0, 2.5. Sp.gr. 6.269. 
Translucent. Opaque. Lustre metallic. Colour 
iron-black. 

Found in Saxony, Bohemia, anti other parts of 
Europe, and in Mexico and Peru. 

Among the numerous specimens named Brittle Silver 


in the Mineral collections in this Country, we have Mineralogy 
not observed one agreeing in crystalline form with * 

the above description. 

Sulphuret of Silver and Antimony, 
a. Romelite. Mine d’Argent grise Antimoniale, No. 

103. 

De l isle, 3.54. Phil. 290. Haid. 3.30. Leon. 


685. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' — 100°. Phil. Cleavage parallel to the 
lateral planes. Sp.gr. 5.5, Opaque. Lustre me¬ 
tallic. Colour nearly silver-white. 

Found near Freiberg. 

Sulphuret of Silver and Copper, 
a. SlLVERKUPEKROLANE, No. 89. 

Phil. 293. Haid. 3.73. Kirwan, 2.121. 

Occurs massive. Compact. Fracture flat couchoidal. 
Soft. Sp.gr. 6.255. Opaque. Lustre metallic. 
Colour dark lead-grey. Streak shining. 

Found in Siberia. 

Sulphuret of Silver, Lead, and Bismuth, 
a. BisMiiTiuc Silver, No, 90. 

Phil. 294. Haid. 3.78. Leon. 618. 

Occurs in acicular crystals and massive. 

Fracture uneven. Opaque. Colour when first 
broken light lead-grey, but liable to tarnish. 

Massive varieties, amorphous, structure compact. 

Found at Shupbach in Baden, in a bed of gneiss. 

Su/pho-telhiret of Silver anil Bismuth. 
rt.Moi.Ynmc Silver. Molybdan Silver, No. 21. 

Phil. 287. Haid. 3.127. Leon. 5S9. 

Occurs in small laminated masses at Deutsch Pilsen 
near (Irani, and resembles the Sulpho-telluret of 
Bismuth, but is said to be composed of sulphur, 
bismuth, tellurium, and silver, it appears, how¬ 
ever, to be an uncertain species. 


Soda. 

Borate of Soda, 
a. Borax. Tincal, No. 424. 

Haiiy, 2.200. Phil. 192. Haid. 2,52. Leon. 148. 

Occurs in single crystals and massive. 

Primary form an Oblique rhombic prism. Crvst. fig. 
83. P.M = 101° 30'. M,M' = S6°40'. Cleavage 
parallel to the lateral planes and both diagonals. 
Fracture conehoidal. Hard. 2.0, 2.5. Sp.gr. 
1.716. Transparent, translucent. Lustre resi¬ 
nous. Colour slightly greyish, greenish, or bluish- 
while. Streak white. 

Found chiefly in a lake iu Thibet, and also in Persia 
and in South America. 

Carbonate, of Soda, 
a. Oblique Rhom.bic, No. 432. 

Haiiy, 2.207. Phil. 190. Huid. 2.$7. Leon. 149. 

Occurs crystallized, massive, and in powder. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. I\M = 108° 45'. M,M' = 76° 12'. 
Levy. Cleavage parallel to the primary planes and 
oblique diagonal. Fracture couchoidal. Hard. 1.0, 
1.5. Sp.gr. 1.423. Transparent, trnnlueent. Lustre 
vitreous. Colour white, sometimes yellowish or 
greyish. Streak white. Very efflorescent. 

Massive varieties, structure fibrous, granular. 

Found abundantly in Hungary and the natron 
lakes of Egypt, and iu some other places. 
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Mineralogy b. Right Rhombic, No. 433. 

--- Ilaid. 2.29. 

Occurs in crystals lining cavities of the massive va¬ 
rieties of the preceding species. 

Primary form a Right rhombic prism. Cbvst. fig. 7 J. 
M.M' = 107° 50'. Cleavage indistinct. Fracture 
conchoidal. Hard. 1.5. Sp.gr. 1.562. Transpa¬ 
rent, translucent. Lustre vitreous. Colour white, 
sometimes yellowish. Streak white. Less efflo¬ 
rescent than the preceding species. 

c. Trona, No. 434. 

Phil. 190. Haid. 3.164. Leon. 149. 

Occurs in crystalline coats, with a fibrous structure. 

Primary form an Oblique rhombic prism. Cbvst. 
fig. 83. Measurements uncertain. Cleavage pa¬ 
rallel to P, distinct. Fracture uneven. Hard. 2.5, 
3.0. Sp.gr. 2.112. Transparent, translucent. Lus¬ 
tre vitreous. Colour white, sometimes yellowish. 
Streak white. Does not effloresce. 

Found on the banks of lakes in the Kingdom of 
Fez/an in Africa. 

d. Bicarbonate of Soda? No. 435. 

N.J. 35. 48. 

Occurs in strata of two to six inches thick on a bed of 
clay containing muriate of soda. Structure gra¬ 
nular. Colour yellowish-grey, does not effloresce. 

Found near Buenos Ayres. 

Carbonate of Soda and Lime. 

а . Gav Lussitb, No. 436. 

E.J.S. 5.372. P M. and An. 1.263. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M'= 68° 50'. Cleavage parallel to the 
lateral planes distinct; less so parallel to the ter¬ 
minal plane. Fracture conchoidal. Hard. 2.5. 
Sp gr. 1.93, 1.99. Transparent. Lustre vitreous. 
Colourless. 

Found in a thin stratum of soft, clay covering a bed 
of carbonate of soda, called Urao, at the bottom of 
u luke near Lngunillu. a day’s journey South-West 
of Merida in Columbia. 

б. Baiikuelite, No. 137. 

P.M. and An. 7.389. 

Occurs in crystalline masses. Cleavage distinct, pa¬ 
rallel to the planes of ;i rhomboid, supposed to be 
similar to that of carbonate of lime. Hard. 3.5. 
Sp.gr. 2.921. Transparent. Lustre vitreous. 
Colour not described. 

Locality unknown. 

Differs from Gay Lussite in the proportions of its 
constituent elements. Rut the accuracy of the 
analysis appears to be questioned by Berzelius. 

Chloride, of Sodium. 

Rock Salt, No. 59. 

Hatty, 2.191. Phil. 193. Haid. 2.36. Leon. 584. 

Occurs in solution in water, and massive. Structure 
crystalline, fibrous. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary planes. Fracture con¬ 
choidal. Hard. 2.0. Sp.gr. 2.257. Transparent, 
translucent. Lustre vitreous, rather dull. Colour 
white, grey, red, yellow, blue. Streak while. 
Taste saline. 

Found abundantly in Europe, Asia, Africa, and Ame¬ 
rica. The great salt deposits in this Country arc 
Northwich in Cheshire, atul Droitwich in Wor¬ 
cestershire. 


Nitrate of Soda, 
a. Rivbrolite, No. 518. 

Hatty, 2.214. Phil. 191. Haid. 3.132. Leon. 246. 

Occurs with clay in beds of different thickness. 

Primary form a Rhomboid. Cryst. fig. 106. p,P's= 
106°33', Haid. Cleavage parallel to the primary 
planes. Fracture conchoidal. Hurd. 1.5, 2 .O. 
Sp.gr. 2.096. Transparent. Lustre vitreous.’ Co¬ 
lour white. Streak white. Taste cool. 

Found crystallized in the district of Atacama in 
Peru. 

Sulphate of Soda, 
a. Glauber Salt, No. 525. 

Hatty, 2.189. Phil. 191. Haid. 2.31. Leon. 125. 

Occurs in solution in water, and as an effliuesi-euce 
on soil and otiler surfaces. 

Primary form an Oblique rhombic prism. Chyst. 
fig. S3. P.M = 101° 20'. M,M' = 60° 21'. 
Cleavage parallel to the terminal planes. Fracture 
conchoidal. Hard. 1.5. 2.0. Sp gr. 1.18. Trans¬ 
parent, translucent. Lustre vitreous. Colour white. 
Streak white. Taste cool, bitter. 

Found in several places in and out of Europe. 

Anhydrous Sulphate of Soda, 
a. Tiienaiiditk, No. 526. 

E.J.S. 6.182. An. n.s. 12.313. 

Occurs crystallized. 

Primary ibrin a Right rhnmhic prism. Cryst. fig 71. 
M,M' about 125°. Cleavage perallel to the. pri¬ 
mary planes. Sp.gr. about 2.73. Translucent, 
opaque. Soluble in water. 

Found at Espertines near Madrid. 

Sulphate of Soda and Lime, 
a. Gi.AUUK.iurE. Brongniartiii, No. 534. 

Hatty, 2.215, Phil. 198. llaid. 2.54. Leon. 27t». 

Occurs in imbedded crystals in rook salt. 

Primary form an Oblique rhombic prism. Cbvst. fig. 
83. P,M = 101° 15'. M,M'= 83° 20'. Cleavage 
parallel to Pand M. Fracture conchoidal. Hurd. 
2.5, 3.0. Sp.gr. 2.807. Transparent, translu¬ 
cent, hut becomes opaque after immersion in water. 
Lustre vitreous. Colour yellowish and greyish- 
white. Streak white. Taste slightly saline. 

Found at Ocafia in New Castile, and at Aussee in 
Upper Austria. 

Sulphate of Soda and Magnesia, 
a. Reussite, No. 536. 

A salt said to consist of about two-thirds sulphate of 
soda, nnd one-third sulphate of magnesia, but of 
which we do not find any published description. 


Mineralogy 


Sodalite, No. 240. 

Hatty, 3.59. Phil. 127. Haul. 2.226. Leon. 461. 

Occurs in attached and aggregated crystals and 
massive. 

Primary form a Cube. Chyst. fig. 56. Cleavage 
parallel to the planes of the Rhombic dodecahe¬ 
dron. Fracture uneven. Hurd. 5.5, 6.0. Sp.gr. 
2.3. Translucent. Lustre vitreous. Colour green¬ 
ish-grey and greenish and greyish-while. Streak 
white. 

Massive varieties, amorphous. Structure granular, 
compact. Minerals from Greenland, Siberia, and 
Vesuvius huYe passed under this name, but it is 
doubtful whether they all belong to the same spe¬ 
cies. . 

Someuvilljtk. HtimboldUlUc of Man/ic{‘lli t No. 3/4. 

3 v 2 
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Q.J. 16.274. Haid. 3.154. Leon. 484. 

Occurs in uttaclied crystals. 

Primary form a Square prism. Cryst. fig. 65. P,a 
— 147° 5'. Cleavage perpendicular to the axis, 
very distinct. Fracture uneven. Transparent, 
translucent. Lustre vitreous. Colour dull pale 
brownish-yellow. 

Found in the cavities of matter ejected from Ve¬ 
suvius. 

SoRDAWALlTB, No. 309. 

Phil. 210. Haid. 3.155. Leon. 799. 

Occurs massive. Structure compact. Fracture con- 
choidal. Hard. 5.0. Sp.gr. 2.53. Opaque. Lus¬ 
tre vitreo-metallic. Colour greenish or greyish- 
black. 

Found near Sordawala in Finland. 

SpiitfiiuuTH, No. 218. 

Phd. 209. Haid. 3.155. Leon. 780. 

Occurs in small spheroidal and bolryoidal masses 
imbedded in pcarlsone and pitchstonc. Structure 
fibrous, compact. Hard. 7.0, 7.5. Sp.gr. 2.4, 
2.52. Opaque. Dull. Colour grey, brown, red, 
yellow of various shades. 

Found in Hungary, Saxony, Iceland, and Scotland. 

Spiyem.ank, No. 566. 

Huiiv, 4.507. Phil. 127. Haid. 3.156. Leon. 459. 

Occurs in imbedded dodecahedral crystals in a rock of 
glassy felspar. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
distinct, parallel to the planes of the Rhombic 
dodecahedron. Fracture uneven. Hard. 5.5, 6.0. 
Sp.gr. 2.28. Translucent, opaque. Lustre vitreo- 
rcsiuous. Colour grey, greyish-black, brown. 

Found at the Lake of Loach. This might have been 
called Sodulilc with as much propriety as the 
variety from Vesuvius. 

Spinf.i.lk. Ptconaxte. Canditc. Balus Ruby, No. 147. 

Ilaiiy, 2.166. Phil. 90. Haid. 2.295. Leon. 544. 

Occurs in loose and imbedded octahedral crystals. 

Primary form a Cube. Ckyst. fig. 56. Cleavage 
indistinct. Fractuie conchoidal. Hard. 8.0. Sp gr. 
3.5, 3.7. Transparent, translucent. Lustre vi¬ 
treous. Colour black, brown, red, yellow, green, 
blue, violet. Streak white. 

Found in loose crystals in Ceylon, and imbedded in 
carbonate of lime in Sweden and North America. 

Sponr.uK.M-'. Triphane, No. 230. 

Haiiy, 3.134. Phil. 142. Haid. 2.216. Leon. 433. 

Occurs in imbedded crystalline masses of various 
sizes. 

Cleavage parallel to the lateral planes and great dia¬ 
gonal of a Rhombic prism of about 93\ Fracture 
uneven. Hard. 6.5, 7.0. Sp.gr. 3.17, 3.19. Trans¬ 
lucent. Lustre pearly on the cleavage planes. 
Colour white, sometimes greyish uud greenish, and 
greyish-green. Streak white. 

Found iu Sweden, the Tyrol, Ireland, and in North 
America. 

Soda Spodumene, No. 231. 

Lustre more vitreous than the preceding. 

Staurolitb. Grenalite. Stanrotide, No. 321. 

Haiiy, 2.338. Phil. 82. Haid. 2.366. Leon. 409. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M'= 129° 20'. Phil. Cleavage parallel to the la¬ 
teral planes and both diagonals. Fracture uneven. 
Hard. 7.0, 7.5. Sp.gr. 3.3, 3.72. Transparent, 


translucent. Lustre vitreo-rcsinous. Colour dark Mineralogy 
brownish-red. Streak white. s —■v*"*'' 

Found in France, Spain, Portugal, and some other 
parts of Europe, and in North America. 

Stilbite, No. 213. 

Ilauy, 3.155. Phil. 37. Haid. 2.239. Leon. 193. 

Occurs in attached and variously aggregated crystals. 

Primary form a Right rhombic prism. M.M' = 

94° 1P. Levy. Cleavage parallel to both the dia¬ 
gonals. Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 

2.16.2.5. Transparent, translucent. Lustre vi¬ 
treous. Colour white, brown, red, yellow. Streak 
white. 

The aggregated crystals are sometimes fasciculated. 

Found abundantly in Iceland and the Faroe Islands, 
and generally in trap rocks. 

Sthontia. 

Carbonate of Strontia. 

Strontianite, No. 439. 

Haiiy, 2.43. Phil. 186. Haid. 2.116. Leon. 328. 

Occurs in acicular, rarely in tabular crystals, and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M.M' = 117° 30'. Cleavage distinct parallel 
to M.M'. Fracture uneven. Hard. 3.5. Sp.gr. 

3.6, 3.67. Transparent, translucent. Lustre vi¬ 
treous. Colour white, grey, pale, brown, and 
green. Streak white. 

Mamve varieties, globular, amorphous. Structure 
fibrous, with a pearly lustre, rarely granular. 

Found at Stroutian in Scotland, Rraunsdorf iu 
Saxony, Leogang in Salzburg, and in Peru. 

Uarytifcrous Carbonate of Strontia. 

Stromnitb, No. 440. 

Haid. 3.159. 

Occurs massive, in veins in clay slate. 

Structure fibrous with traces of crystallization. Hard. 

8.5. Sp.gr. 3.7. Translucent. Lustre inclining 
to pearly. Colour yellowish and greyish-while. 

Found at Strotnness ill Orkney. 

Sulphate, of Strontia. 

Cei.f.stine, No. 530. 

Haiiy, 2.30. Phil. 187. Haid. 2.126. Leon. 262. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M'= 104°. Cleavage parallel to the pri¬ 
mary planes. Fracture uneven. Hard. 3.0, 3.5. 

Sp.gr. 3.6, 3.86. Transparent., translucent. Lus¬ 
tre vitreous, pcaily on the cleavage surfaces. Co¬ 
lour white, pale blue, and red of different shades. 

Maxsive varietiex, nodular, tubular, amorphous. 

Structure columnar, fibrous, granular. 

Found in Sicily, at Bex in Swisserland, at Lake Erie, 

N orlh America, in the Tyrol, and some other places, 
and massive near Bristol. 

Sulphate of Strontia and Barytes. 

Grunf.rite. Radiated Celestine, No. 531. 

E.P.J. 11.329. Leon. 266. 

Occurs in beds in a coarse limestone. Structure ra¬ 
diated. Hard. 3.0, 3.5. Sp.gr. 3.7619. Trans¬ 
lucent. Lustre vitreous. Colour white, occa¬ 
sionally with a shade of blue. 

Found at Norten near Hanover. 
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a . Native Sulphur, No. 69. 

Hafly, 4.407. Phil. 360. Haid. 3.52. Leon. 595. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Crvst. tig. 71. 
M,M' = 101° 59'. Haiti. Cleavage indistinct. 
Fracture conchoidal. Hard. 1.5, 2.5. Sp.gr. 2.072. 
Transparent, translucent. Lustre resinous. Co¬ 
lour yellow, greenish-grey. Streak paler. 

Massive varieties, stalactitic, of various shapes. Struc¬ 
ture compact. Amorphous, structure crystalline, 
granular, compact. 

Found in beds in primitive and secondary rocks in 
several parts of Europe, and generally in volcanic 
Countries. Most of the sulphur of commerce comes 
from Solfatara near Naples. 

b . Sulphuric Acid, No 521. 

Phil. 144. Haid. 2.23. 

Occurs as a gas issuing from active volcanoes, also in 
a fluid state in their neighbourhood, und in a con¬ 
crete form in grottos and caves iu the mountain 
Raccolino, near Sienna, and in some other vol¬ 
canic districts. 

Odour of the gas pungent; taste of the fluid and 
solid strongly acid und burning. 

Tachylite, No. 311. 

E.N.P.J. 1.364. Leon. 781. 

Occurs massive and iu plates. 

No cleavage. Fracture small, conchoidal. Hard. 6.5. 
Sp.gr. 2.50, 2.54. Translucent, opaque. Lustre 
vitreous, vitrco-resinous. Colour brownish and 
greenish-black. Streak dark grey. Resembles Ob¬ 
sidian. 

Found at Slisabilhl, near Gottingen. 

Talc. Potato nr . No. 254. 

Ilaiiy, 2.489. Phil. 116, 117, 120. Ilaid. 2.193. 
Leon. 444. 

Occurs in attached and aggregated hexagonal crys¬ 
tals and massive. 

Primary form a Rhomboid. Crvst. fig. 106. Clenv- 
age distinct, perpendicular to the axis. Hard. 1.0, 

1.5. Sp.gr. 2.713. Translucent. Lustre pearly. 
Colour white, greyish, and green of many shades. 
Streak the same. 

Massive varieties, granular, earthy. 

Found in all pnrts of the World. 

It is probable that several distinct species of Minerals 
have passed under this inline. 

Tantalite. Columbite, No. 402 to 408. 

Hatty, 4,387. Phil. 269. Haul. 2 300. Leon. 349. 

Occurs in attached and imbedded crystals and mas¬ 
sive. 

Primary form a Right rhombic prism. Chyst. fig. 71. 
M,M' =104° nearly. Fracture uneven. Hard. 
6.0. Sp.gr. 6.033. Opaque. Lustre imperfect 
metallic. Colour greyish-black. 

Massive variety, nodular, amorphous. Structure gra¬ 
nular, compact. 

Found in Finland, Sweden, Bavaria, and North 
America. 

Tautolite, No. 375. 

E.J.S. 8.181. 

Occurs crystallized in the volcanic rocks at Luke 
Loach. 

Primary fonn a Right rhombic prism, Crvst. fig. 71. 
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M,M' — 109° 48'. Cleavage parallel to M nnd Mineralogy 
Hie greater diagonal. Fracture uneven. Hard. >-*' 

6.5, 7.0. Sp.gr. 3.865. Opaque. Lustre vi¬ 
treous. Colour black. Streak grey. 

Tellurium. 

a. Native Tellurium, No. 19. 

Hally, 4.379. Phil. 326. Haul. 2.421. Leon. 691. 

Occurs in minute attached Hexagonal prisms nnd 
massive. 

Primary form a Rhomboid. Crvst. fig. 106. 

Massive variety, structure granular. Hard. 2.0, 2.5. 

Sp.gr. 6.115. Opaque. Lustre metallic. Colour 
tin-white. 

Found at Facebay in Transylvania. 

b . GraphicTelluiuum. Aura-argentiferous Tellurium, 

No. 24. 

Hafly, 4.380. Phil. 327. Haid. 3.21. Leon. 690. 

Occurs iu attached flattened crystals. 

Primary form a Right rhombic prism. Chyst. fig. 71. 

M,M'= 107° 44'. Phil. Fracture uneven. Hard. 

1.5, 2.0. Sp.gr. 5.72. Opaque. Lustre metallic. 

Colour steel-grey. 

Found only in Transylvania. 

c. Yellow Tellurium, No. 23. 

Phil. 328. Ilaid. 3.171. Leon.691. 

Occurs in imbedded crystalline lamince. Lustre 
metallic. Colour silver or yellowish-white. 

Found iu Transylvania. 

d. Black Tellurium. Foliated Tellurium. Auro- 

plumliferous Tellurium, No. 22. 

ITaiiy, 4.381. Phil. 328. Ilaid. 3.16. Leon. 689. 

Occurs in attached and aggregated crystals and in 
imbedded foliated masses. 

Primary form a Square prism. Cleaves into thin 
flexible lamina; parallel to the tcrmiual plane. 

Hard. 1.0, 1.5. Sp.gr. 7.085. Opaque. Lustre 
metallic. Colour dark lead-grey. 

Found in Transylvania. 


Thomsonite, No. 212. 

Phil. 39. Haid. 3.162. Leon. 208. 

Occurs massive. Structure large fibrous, radiated ; 
the fibres prolonged into separate small columnar 
crystals in the cavities. 

Primary form a Right rhombic prism. M,M'= 90°40' 
nearly. Cleavage parallel to the two diagonals. 
Fracture uneven. Hard. 5.0. Sp.gr. 2.37. Trans¬ 
parent, translucent. Lustre vitreous. Colour 

white. 

Thorite, No. 376. 

Q.J. 6.296. 

Occurs massive, and much resembles the Gadolinite 
ofYtterby. Fracture uneven, very brittle, full of 
cracks. Hard, about 5.0. Sp.gr. 4.63. Opaque. 
Lustre resinous, vitreous. Colour black. Streak 
greyish-red. Powder pale brownish-red. 

Found iu Syenite, on the Island of Lov-on, near 
Brevig, Norway. 

Tik. 


Oxide of Tin. 
a. Tinstone, No. 139. 

Hatiy, 4.152. Phil. 250. Haid. 2.384. Leon. 3 j 4. 
Occurs in attached and imbedded crystals and mas- 
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Primary form a Square prism. Cryst. ftp; 65. Cleav¬ 
age parallel to the lateral planes and both dia¬ 
gonals. Fracture uneven. Hard. 6.0, 7.0. Sp.gr. 
6.060, crystallized, 6.319, fibrous. Transparent to 
opaque. Lustre adamantine. Colour white, grey, 
black, brown, red, yellow, or various shades. Streak 
paler. 

Massive varieties, renifurtn, botryoidnl, (Wood tin,) 
structure fibrous; amorphous, structure crystalline, 
granular. 

Found abundantly in Cornwall, Bohemia, Saxony, 
and in the older rocks in other Countries. 

Sulphurrt of Tin and Copper, 
a. Tin Pyuiths. No. 37. 

Phil. 254. Haiti. 3.103. Leon 624. 

Occurs in attached crystals and massive. 

Primary form not ascertained. Cleavage imperfect. 
Fracture uneven. Hard. 4.0. Sp.gr. 4.35. Opaque. 
I.ustte metallic. Colour yellowish-grey. Streak 
black. 

Found in Cornwall. 

Titanium. 

Oxide (f Titanium. 

a. Anatani'. Oclaedrite, No. 386. 

IIany, 1.344. Phil. 257. Haiti. 2.379. Leon. 358. 

Occurs in attached and imbedded octahedral crystals. 

Prunaiy form a Siptare prism. Ciivst. tig 65. M,t: 
(tig. (is) — 158°24'. Cleavage parallel to the ter¬ 
minal plane, and to those of the octahedron. Frac¬ 
ture indistinct. Hard. 5.5, 6.0. Sp.gr. 3.826. 
Tianspnrciit. translucent. Lustre adamantine. 
Colour white, brown, blue. Streak while. 

Found in Cornwall, Dauphiuy, Brazil, and a few 
other places. 

b. ituTii.K, No. 387. 

Ilaiiy, 4.333. Phil. “258. Haiti. 2 376 Leon. 360. 

Occurs in attached and imbedded crystals and crys¬ 
talline masses. 

Primary form a Square prism. Ciivst. fig. 65. M.e 
(fig. 68) — 122’ 45'. Cleavage parallel to the 
lateral planes. Fracture uneven. Haul. 6.0, 6.5. 
8p.gr. 4.249. Transparent to opaque. Lustre 
adamantine. Colour retl anil reddish-brown of 
■several shades. Streak pale brown. 

Found in Biazil, North America, Spain, and other 
parts of Europe. 
r. JJrookitc? No. 3S8. 

An.P. 1825. Haiti. 3.82. Leon. 725. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cnvsr. fig. 71. 
M,M' ~ li)0°. I,evy. Cleavage parallel to the 
lateral planes and short diagonal. Fracture un¬ 
even. lluid. 5.5, 6.0. Transparent to opaque. 
Lustre adamantine. Colour deep retl anti reddish, 
anil yellowish-brown. Streak yellowish-white. 

Found at Snowdon in Wales, in large crystals, in 
Dauphiny, Swisserlantl, anil a few other places. 

Silica /itiiniate oj Lime, 
a. SfMIKN K. spill/line. Semi line. No. 394. 

Huuy, 4.353. Phil. 262. Haiti. 2.373. Leon. 368. 

Occurs in attached and imbedded crystals anil mas¬ 
sive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M ss 121° 30'. M,M'= 133° 30'. Phil. 

Cleavage indistinct. Fracture uneven. Hard. 
5.0, 5.5. Sp gr. 3.46S. Transparent to opaque. 


Lustre adamautine to dull resinous. Colour grey, Mineralogy 
brown, yellow, green. Streak white. 

Found in primitive rocks in several parts of Europe 
and America. 

Topaz. Pyvnitc. Pyropkysalife, No, 516. 

Hafly, 3.131. Pint. 84. fluid. 2.303. Leon. 401. 

Occurs in attached, loose, and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. M,M' = 

124° 23'. Cleavage parallel to the terminal plane 
distinct, to the lateral planes indistinct. Fracture 
uneven. Hard. 8.0. Sp.gr. 3.5. Transparent tr 
nearly opaque. Lustre vitreous. Colour white, 
yellow of many shades, brownish-yellow, pink, blue, 
green. Streak white. 

Massive vain ly. (Pycnite,) structure columnar. 

Found in Brazil hi loose crystals, and in primitive 
rocks in many other Countries, particularly in 
Siberia. 

ToitiiKi.iTE, No. 377. 

An. w.s. 9.217. Haiti. 3.164. Leon. 482. 784. 

Occurs in granular masses in the Andover mine, 

Sussex County, New Jersey. Colour dull ver¬ 
milion-red. It was at first supposed to contain 
cerium, but by a later analysts it appears to con¬ 
sist principally of silica, lime, and oxide of iron and 
manganese. 

TounMAi.INI.. Bluek, Elerlric Schorl. Blue, Tndico- 
litc. Red to purple, Rubellile. ylpyrife. No 429. 

Haiiy, 3.14. Phil. 139. Haiti. 2.349. Leon. 446. 

Oeeurs in attached, imbedded, and aggregated 
crystals. 

Primary form a Rhomboid. Cuvst. fig. 106. P,P' 

— 133° 26'. Cleavage imperfect. Fracture un¬ 
even. Haul. 7.0, 7.5. Sp.gr. 3.076. Transparent 
to opaque. Lustre vitreous. Colour while, grey, 
brown, retl, yellow, green, blue. 

Found in Siberia, Ceylon, Brazil, North America, 
und many other places. 

Tuiinkiiiti', No. 378. 

Phil. 382. lluid. 3.166. Leon. 786. 

Occurs in attached crystals. 

Primary form an Oblique iliomhie prism. Cryst. fig. 

83. Cleavage parallel to both diagonals of the 
prism. Hurd. 4.5, 5 0. Transparent, translu¬ 
cent. Lustre vitreous. Colour yellow, sometimes 
brownish. 

Found at Mount Sorel in Dauphiuy. 

The Pi: tile ol Liunethene issaitl by Gallitzin (1802) 
to be the Sphene of Hauy. But it is described as 
pointed us a graver, ami nearly equal to the gems 
in hardness, und is probably, tliereforc, Axinite. 

Uranium. 

Oxide of Uranium. 

a. P1TCI1BI.BNDL. Urim-pilch-ore, No. 138. 

HuUv, 4.316. Phil. 267. Haiti. 2 393. Leon. 565. 

Occurs in renifortn and amorphous masses. Struc¬ 
ture granular, compact. Fracture uneven. Hurd. 

5.5. Sp.gr. 6 468. Opaque. Lustre imperlect 
metallic. Colour greyish and brownish-black. 

Found in Cornwall, but chiefly in Saxony and Bo¬ 
hemia. 

Phosphate of Uranium. 

a. Uhanite. Uran-mica, No. 504, 
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Mineralogy jj^ 4 gjg )>|,il. 207. Haid. 2.182. Leon. 140. 

Occurs in attached crystals. 

Primary form a Square prism. Cryst. fig. 85. P.c 
(fig-. 68) = 112° 10'. Cleavage parallel to the 
terminal plane very distinct. Hard. 2.0, 2.5. Sp.gr. 
3.1. Transparent, translucent. Lustre adaman¬ 
tine. Colour yellow, greenish-yellow, and green of 
several shades. 

Found in Cornwall, France, and some parts of Ger¬ 
many. 

The green variety has received the name of Chalko- 
lite, No. 505. 

Sulphate of Uranium and Copper. 

a. Johannjtk, No. 563. 

E.J.S. n.s. 3.306. Leon. 115. 

Occurs in small botryoidnl concretions. Hard. 2.0, 
2.5. Sp.gr. 3.191. Translucent. Lustre vitre¬ 
ous. Colour bright grass-green. Streak pale 
green. Soluble in water. Taste astringent, bitter. 

Found at Joachimsthul in Bohemia. 

Vargasite, No. 379. 

A pale greenish Mineral found in Finland, in amor¬ 
phous masses, having a small columnar structure, 
and so named after Count Vargas Bodeinar. 

No analysis or description published. 

W«rthite, No. 380. 

A rolled mass found near St. Petersburg has been so 
named. Structure small, columnar. Colour pale 
yellowish-white. 

WiritAMiTi:, No. 381. 

E.J.S. 2.218. Haid. 3.170. Leon. 476. 

Occurs in small imbedded globular masses, com¬ 
posed of minute crystals, radiating from the centre, 
and having the form and measurements of Epi- 
dote. 1 Lard. 6.0, 6.5 Sp.gr. 3.137. Translucent. 
Lustre vitreous. Colour red. Streak white. 

Found at Glencoe in Scotland. 

Woi.kovskoit, No. 382. 

Occurs massive, amorphous, structure compact. Hard. 
2.5., Sp.gr. 2.213. Opaque. Nearly dull. Co¬ 
lour emerald-green. Streak shining. Feels greasy. 

Found at Perm m Siberia. 

Xani'hitk, No. 383. 

Is said to be yellow Idocrasc. Found in North 
A inericn. 

Xantiioi ite, No. 384. 

Found in North America. Has the appearance and 
form of Garnet. 

XvLOKKVPrrrE, No. 589. 

Occurs in delicate yellow crystals in Lignite, having a 
fatty lustre. 

Yttria. 

Phosphate of Yttria. 

a. Tank.ei.ite, No. 487. 

E.J.S. 327. Leon. 276. 

Occurs in aggregated crystals and massive. 

Primary form a Square prism. Cleavage parallel to 
the primary planes. Fracture uneven. Hard. 4.5, 
5.0. Sp.gr. 4.56. Opaque. Lustre resinous. 
Colour yellowish-brown. Streak pale brown. 

Found near Linderuoes in Norway. 

Silicate of Yttria and I fan. 

a. Gadolinite. Ytterlnte, No. 325, 326. 

Hnfiy, 2.440. Phil. 105. Haid. 2.371. Leon. 526. 
500. 


Occurs in imbedded crystals and massive. Mineralogy 

Primary form an Oblique rhombic prism. Cryst ti» n—v—' 
83. P,M — 96°. M,M' — 115°, nearly. No 
apparent cleavage. Fracture flat cotiehoulul 
Hard. 6.5, 7.0. Sp.gr. 4.238. Slightly trans¬ 
lucent. Lustre vitreu-resinous. Colour greenish- 
black. Streak greenish-grey. ? 

Massive varieties, amorphous, structure compact. 

Found at Ytterhy, Finbo, and Broddbo in Sweden, 
und in Greenland. 

Tantatale of Yttria, Sfc. 
a. Yttro-tantaute, No. 399 to 401. 

Ilaiiy, 4,389. Phil. 271. Haid. 3.173. Leon. 352. 

Occurs in imbedded imperfect crystals, and small 
amorphous masses. Cleavage in one direction. 

Fracture granular. Hard. 5.0, 5.5. Sp.gr. 5.4, 

5.8. Opaque. Lustre vitreo-resinous. Colour 
black, brownish-black, yellowish-brown. 

Found at Ytlerby in Sweden. 

Tantalate of Yttria and Cerium, 
a. Fergdsonite, No. 398. 

Haul. 3.9S. Leon. 73S. 

Occurs in imbedded crystals in quartz. 

Primary form a Square prism. Ciivst. fig. 65. 

Cleavage uncertain. Fracture conchoirlul. Hurd. 

5.5, 6.0. Sp.gr. 5.838. Opaque. Lustre resimi- 
mctallic. Colour brownish-black. Streak pule 
brown. 

Found near Cape Farewell in Greenland. 

Titaniate of Yttria, Zircon, and Lime, 
a. Poi.ymionite, No. 396. 

E.J.S. 3.329. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' 110° 30' nearly. Fracture eou- 
choidal. Hard. 6.5. Sp.gr. 4.8. Opaque. Lustre 
imperfect metallic. Colour black. Streak dark 
brown. 

Found at Frederiksvarn in Norway. 

Zeagonite. Abrnzitr. Gimiomtine. Phillipsite, 

No. 219. 

Phil. II. Haid. 3.171. Loon. 198. 

Occurs in attached crystals, and globular crystalline 
masses with a fibrous structure. 

Primary form unknown, probably a Right rhombic 
prism, the apparently Square prisms being twin 
crystals. Juncture conehoidal. Hard. 7.0, 7.5. 
Transparent to opaque. Lustre vitreous. Colour 
white, sometimes greyish or reddish. Streak 
white. 

Found nt Vesuvius, ami frequently in trap rocks. 

Small crystals of zircon of a pale, blue colour have 
come to this Country ticketed Zengonite, and have 
led to an incorrect description of the crystalline 
form of that Mineral. 

Zinc. 

Alum inale of Zinc. 

Automai.ite. (infinite. No. 150. 

Hnfiy, 2.170. Phil. 83. Haid. 2 298. Leon. 544. 

Occurs in imbedded octahedral crystals, and granular 
masses. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the. octahedron, distinct. 

Fracture cunclioidul. Hard. 8.0. 8ji.gr. 1.232, 
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Mineralogy Slightly translucent. Lustre vitreous. Colour 
dull green. Streak white. 

Fouml at Fnlihin nml Broddbo in Sweden, imbedded 
in slaty talc. 

Carbonate, of Zinc. 

Calamine, No. 454. 

I la Oy. 4.181. Phil. 355. Maid. 2.111. Leon. 158. 

Occurs crystallized and massive. 

Primary form a Rhomboid, ('iivst. fig. 106. l’,P' 

= 107° 40'. Wollaston. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 5.0. 
Sp.gr, 4.44. Translucent, opaque. Lustre vi¬ 
treous. Colour white, grey, brown, green. Streak 
white. 

Mossier rarirtiis, reniform, botryoidal, stalactitic, 
structure fibrous. Amorphous, structure granular, 
compact. Doth varieties are sometimes found in 
an caithy stale. 

Found in England, France, and other places in Eu¬ 
rope, and in America. 

Rid Oxide of Zinc, 
a. Sr-AiiTAi.m:, No. 124. 

IFaiiy, 4.17!). Phil. 353. Haul. 2.380. Leon. 563. 

()ei:ur« in imbedded small nodules and massive. 
Cleavage parallel to all the planes of a regular 
hexagonal prism. Fracture uneven. Hard. 4 0, 
4.5. Sp.gr. 5.43. Translucent. Lustre adaman¬ 
tine. Colour red. Streak orange-yellow. 

Massire writ tics, amorphous, slructuie crystalline, 
granular. 

Found in New Jersey, North America. 

liisilcniiirrt of Zinc and Proto sulphuret of 
Mercury. Del Rio. 
a. Uiomtk, No. 55. 

Q.J. 4.232. P.M. and An. 4.113. 

Occurs massive, structure granular. Sp.gr. 5.56. 
Lustre metallic. Colour light grey. 

Found at Culebras in Mexico. 

lliseleniuret of Zinc and Bisulphurel of Mer¬ 
cury. Del Rio. 

Cui.eijiiite, No. 50. 

P.M. and An. 4.114. 

Occurs massive. Fracture earthy. Sp.gr, 5.66. Dull. 
Colour dull red. 

Found at Culebras in Mexico. 

Silicate of Zinc. 

a. Smitiisoniti:. Electric Calamine, No. 168. 

Hauy, 4.175. Phil. 254. Haul. 2408. Leon. 216. 

Occurs in attached, and globular, and botryoidal ag¬ 
gregations of crystals. 

Primary form a Right rhombic prism. Ciivst. fig. 
71. M,M' = 102°35'. Cleavage parallel to the 
lateral planes. Fracture uneven. Hard. 5.0. 
Sp gr. 3.38. Transparent, translucent. Lustre 
vitreous. Colour white, brown, yellow, greenish, 
and bluish. Streak white. 

Found at Matlock 111 Derbyshire, in other parts of 
England, and in many other parts of Etnopc. 
Sulphate of Zinc, 
a. Listeiute, No. 539. 

II aiiy, 4.198. Phil. 356. Haid. 2.46. Leon. 110. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. 
fig. 71. M,M' = 9L 0 7'. Fracture conchoidal. 
IJard. 2.0, 2.5. Sp gr. 2.036. Transparent, trans¬ 
lucent. Lustre vitreous. Colour white, occasion¬ 
ally reddish or bluish. Streak white. 


Massive varieties, botryoidal, reniform, stalactitic; Mineralogy 
structure fibrous. Amorphous, structure granular, 
compact. Sometimes coating other substances. 

Found in most mines that contain the sulphuret, 
from the decomposition of which this species 
appears to be produced. 

Sulphuret of Zinc. 


Blende, No. 71. 

IIaiiy, 4.186. Phil. 351. Haid. 3.32. Leon. 622. 
Occurs in attached crystals and massive. 

Primary form a Cube. Cryst. fig. 50. Cleavage 
parallel to the plnnesof the rhombic dodecahedron. 
Fracture conchoidal. Hard. 3.5, 4.0. Sp.gr. 4.07. 
Transparent to opaque. Lustre adamantine. Co 
lour white, (New Jersey, North America,) black, 
brown, red, yellow, green. Streak paler. 

Massire varieties, globular, botryoidal, reniform, sta¬ 
lactitic ; structure fibrous. Amorphous, structure 
crystalline, granular, compact. A fibrous variety 
contains cadmium. 

Found in many parts of Europe nud America. 

Zinc, and an Acid not yet ascertained, 
a. Hopeitk, No. 571. 

Haid. 3. IOS). Leon, 746. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M'= 101° 24'. Cleavage parallel to the 
great diagonal, distinct. Fracture uneven. Hard. 
2.5, 3 0 Sp.gr. 2.76. Transparent, translucent. 
Lustre vitreous. Colour greyish-white. Slrcak 
white. 

Found at, Altenberg near Aix la Chapelle. 
h. Tcphroite? No. 570. 

Leon. 782. 

Occurs amorphous. Fracture uneven. Hard. 5.5. 
Sp.gr. 4.10. Lustre adamantine. Colour ash- 
grey. becoming black externally. 

Found with Fraukliuite, &c. in New Jersey, North 
America. 


ZmconiA. 

Silicate of Zirconia. 

Zircon. Hyacinth. Jaigoon, No. 180. 

11aiiy, 2.291. Phil. !)!). Haid. 2.368. Leon. 387. 
Occurs in attached, imbedded, and loose crystals. 
Primary form a Square prism. Cryst. fig. 65. 
M,c (fig. 6h) = 132° 12'. Phil. Cleavage parallel 
to the lateral planes, indistinct. Fracture cou- 
choiditl. Hard. 7.5. Sp.gr. 4.5. Transparent to 
opaque. Lustre nearly adamantine. Colour grey, 
brown, red, yellow, pule green. Streak white. 
Found in many parts of the World. 

Tilaniate. of Zirconia, Cerium , Sfc. 
/Eschyniti, No. 397. 

E.J.S. n.s. 3.29. P.M. mul An. 10.188. ' 

Occurs in imbedded columnar crystals in mica and 
felspar. 

Primary limn a Right rhombic prism. Cryst. fig. 
71. M.M' = 127°. Cleavage not apparent. 
Fracture uneven. Hard. 6.0, 7.0. Sp.gr. 5.14. 
Opaque. Lustre imperfect, metallic. Colour 
black. Streak greyish-black. 

Found at Minsk in Siberia. 

Zoizite, No. 290. 

Maid. 2.282. Leon. 476. 
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Mineralogy. Occurs in imbedded and aggregated columnar 
y—crystals. 

Primary form an Oblique rhombic prism. P,M (un¬ 
known.) M,M' = 116° 30'. Fracture uneven. 
Translucent. Lustre vitreous. Colour white, grey, 
brown, green of several shudes. 

Found in (Jariulhia, the Tyrol, Siberia, and other 
places. 


Zurlite, No. 305. Miner* logy. 

Mouticelli, Prodrome de la Mineralogin Vcsuvianu, 
p. 392. Leon. 787. 

Occurs crystallised and massive. 

Primary form a Cube or Square prism. Fracture un¬ 
even. Hard. 4.0, 4.5. Sp.gr. 2.274. Colour 
asparagus-green. 

Found at Vesuvius. 


INDEX. 


The names of those species which are placed in their 
alphabetical order in the preceding List arc also re¬ 
peated in this Index for the purpose of giving the entire 
series of species alphabetically. Those which are che¬ 
mically arranged in the List will be found here, accom¬ 
panied by references to the chemical groups in which 
they stand in the List. 

Many synonymes, now nearly obsolete, are omitted in 
this Index, and it is much to be wished that the Miuc- 
ralogists of different Countries could agree upon some 
single nomenclature, which might render a future repe¬ 
tition of any synonymes altogether unnecessary. 

A. 

Ahrazite. Zcagonite. 

Achmite. 

Aclinolite. Amphibole. 

Adamantine Spar. Corundum, 

Aduluria. Felspar. 

Acquinolitc. Spluendite. 

Aerolite. Native Iron. 

Aerosite. Antimonial Sulphurct of Silver. 

A'.scliyoite. Titaniate of Zirconiii, ftc. 

Agalmutidite. Hydrous Silicate of Alumina, h. 

A gap)life. Cnlaitu. 

Agaric Mineral. Kartliy Carliomite of Lime. 

Agate. Calcedony. 

Agnesito. Curliouuto of Bismuth. 

AWantieone. Kpidutc. 

Alabaster. Compact Sulphate of Lime. 

Alalite. Pyroxene. 

Albiu. Apophyllite. 

Altiite. Cleavclaudite. 

Almgitc. Manganese? 

Ailmiite. Silicate of Cerium and Iron, 

Allocbroite. (Jar net. 

Allopbaoe. Hydrous Silicate of Alumina, b. 

Almandmc. Garnet. 

Alum. Sulphate of Alumina and Potash, a. 

Alumina. Fltiate. 

Hydrate. 

Mellate. 

N ntive. 

Phosphate. 

Silicate. 

Hydrous Silicate. 

Sulphate. 

Alum Stone. Sulphate of Alumina and Potash, b 
Amalgam. Native Mercury, b. 

Am i*on Stone. Green Felspar. 

AiuIht. Carbon, F. 

Ambl) gonite. 

Ameliiyst. Purple Quartz. 

VOL. VI. 


Amiantlilnite. Ampliihole. 

Amiauthoide. Ampliiliolc. 

Amianthus. Amphibule. 

Amiatrte. Fiorite. 

Ammonia. Muriate. 

Sulphate. 

A in polite. 

Ampliihole. 

Amphigene. Leiicite. 

Amphodchte. Latrobite. 

Anolcime. 

Aoutnse. Oxide of Titanium, «, 

AndnUisito. Silicate of Alumina, r. 

Andrvolite. Tlnrniotome. 

Anglicito. Sulphate of Lead. 

Anhydrite. Anhydrous Sulphate of Lime. 

Aiikerite. Cuilionutn of Lime and lion. 

Anortliitf. 

Antliophyllite. 

Anthracite. Coal, a. 

Anthracoiiite. Columnar Carlmnate of Lime, 
Antimonial Silver. Stibiurct of Silver. 

Antimony, Arsenical. 

Native. 

White. 

Sulpliuret. 

Grey. 

Black. 

lied. 

Aiitriniolite. A supposed new Mineral from Ireland. 
Apatite. Phosphate of Lime. 

Aphrite. Pearly Cnriainato of Lime. 

Aphnzito. Tourmaline. 

Aplomc. 

Apoph) Hite 

Apyrile. Hed Tourmaline. 

Atpiamarine. Kmeruld. 

Aieudalite. Kpidote. 

Arfwcdaonite. 

Arkticite. Scapolite. 

Arrngonite. Hard Carbonate ol Lime. 

Arsenic, Native. 

(txiile. 

Sulphuret. 

Asbestos. Amphibole. 

Aschblei. Native Bismuth. 

Asparugus Stone. Phosphate of Lime 
Asphalium. Bitumen,/. 

Asteria. Corundum. 

Atacamitc. Chloride of Copper. 

Augite. Pyroxene. 

Augusiite. Phosphate of Lime. 

Auralite. 

Automulite. Alumtnato of Zinc. 

Avantmine. Quartz. 

Axe-stone. Jade. 

Axinite. 
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Mineralogy. Axotoinoug Arsenical Pyrites. Hutteubergite. 

Axotomouu Iron. Titmiiaio of Iruu, e. 

A z at niche. Coal, Jet. 

A/unto. 

B. 

Babingtonite. 

Ihukahte. Pyroxene. 

Baldogow. (been Earth. 

B.u Undoes Tar. Petroleum. 

Ihudiglione. Anhydrous Sulphate of Lime, 
liarolite. Carbonate of Barytes. 

Jl.iroM-lenite. Sulphate ol Barytes. 

U.nruelite. Carbonate of Soda and Lime, », 

Bury htrontiamte 
Barytes, Cbubonate. 

Sulphate 

Baryt oral cite. Cmbonate of Barytes and Lime. 

Biuyto-Hiioiite. Sulphate of B.uyte.i ami Flu Me of Lime. 
li.tsaiiiU*. Sdu*i, A. 

Bastn.ute. Sclefiiuit • of Bismuth and Tidluiium. 

Banmente. t'lilmidc oi Meicmy. 

Bcnnuie do Mossue. A^phallum. 

B.eloe, ;i Mmeial not described, said to he S.hcate of Alumina. 
Heilstcm. Jade. 

Helbinrtal On*. Sulphnnit of Tin und Copper. 

Heigin.umtte. 

Brrgiiiehl. 

Hcruh.udite. Sulphate of Potush. 

Beriis’em. Amber. 

Beithiente. Sulphiiret of Antimony and Iron. 

Beiyl. Kinerabl. 

Berzehte. Chloride of Leud, r. 

Beudautite. Oxide of Iron and Lead. 

Bildslem. Agahimtolite, 

Bimstem. Piumre. 

Biot i lie. 

Bismuth, Arseniuret. 

CaibouMc. 

Native. 

Oxide. 

Selenimet. 

Sulphuret. 

Sulpho-telluret. 

Bisirmth<•blende, Siheious Carhonivte of Bismuth. 

Bismuth glance. Sulphuret of Bismuth. 

Bismuthic Silver. Sulphiiret of Silver, Lead, and Bismuth. 
Bitterspar. Caihonatc of Lime and Magnesia. 

Bitumen. Carbon, C. 

Black Chalk. Ampehte. 

Black Copper. Oxide of Manganese, Iron, and Copper. 

Black Lead. Carburet of Iron. 

BI at tererx. Tellurium. 

Bleiiuure. Arsemute of Lead. 

Bleiscliimmer. Sulplmret of Lead and Antimony. 

Bb-iscbwcif, Compact Sulphuret of Lead. 

Blende. Sulphuret of Zinc. 

Blit/vnter. Qiiait*. Sand-tubes. 

Bloedite. Sulphide of Magnesia and Soda. 

* Bloodstone. Qunitz. Calcedony. 

Bole. Hydrous Silicate of Alumina, k. 

Bolide Native Meteoric Iron. 

Hn'ogtuan Spar. Sulphate of Barytes. 

Boracie Acid, 

Boracite. Borate of Magnesia. 

Borax. Borate of Soda. 

Boiech. Carbonate of Soda. 

Bormtc. Sulpho-telluret of Bismuth. 

Butryngenc. Hod Sulphate of Iron. 

Botryobte. Borosilicute of Lime, c. 

Bournonite. Sulplmret of Lead, Antimony, and Copper. 
Bovilite. 

Huvey Coal. Carbon. 

Braardite. Red Silver, a. 

Brnunite. Oxide of Manganese,,/*. 

Bn islakite. 

Breunnerite. Carbonate of Magnesia and Iron. 

Hrewsterito. 

Buttle. Silver. Polybasitc. 

Hrocluuititc. Sulphate of Copper, A. 

Brongniartin. Gluubcrite. 

Biou/ite. V 


Brookite. Oxide of Titanium, c. ? Mineralogy. 

Brown Iron Ore. Hydrate of Iron. 

Brownspar. Carbonate of Iron. 

Brucite. Condrodite. 

Brunon. Siliceo-calcareous Oxide of Titanium. 

Buelud/ite. Silicate of Alumina, tv 
Btieklaiiditc. 

Buntkuptererz. Purple Copper 
Bustjmite. Pyroxene? 

Bywilitu. Amphibohfi. 

o. 

Cacholniig. Hydrous Quart*. 

Cadiimiui. 

Culaite. Hydrate of Alumina, r. 

Calamine. Carbonate of Zinc. 

Calamine, Kiertuc. Silicate of Zinc. 

Calamite. Amphibole. 

Calcedony. Silica, A. 

Calcite. Crystallized Carbonate of Lime. 

C.dedoiute. Cupieous Sulphato-tri-curbonattt of Lead 
C.indite. Black Spinelle. 

Cautiihte. \ ellowibli-green Quartz. 

C.irb jim- Acid. 

Carbuncle. Gurnet. 

C Jari ntlu n. A mpliibole. 

Cannthite. Molybdate of Lead. 

Carnelian. Silica, A. 

Carphosiderilc. Phosphate of Iron, A. 

Cdtxeye. Qmutz containing Asbestus. 

Cavolinite. 

Cawk. Sulphate of Barytes. 

Celestine. Sulphate of Strontia. 

(If ran man Sinter. Quartz, Sand-tubes. 

(Vmimite. Jade, Nephrite. 

Cercohtc. 

Corine. Silicate of Cerium and Iron, A. 

Cento. Silicate of Cerium and Iron, a. 

Cerium. Carbonate, 
rimite. 

Silicate. 

Cluibasie. 

Chalcolite. Phosphate of Uranium and Copper. 

Chulcosiderite. Fibrous green Iron Eaith. 

Chalk. Kaithy Carbonate of Lime. 

Chamojsite. Oxidulotis Iron. 

Cheliiistoidite. Scapolite. 

Chuistolite. 

Childrcnite. 

Chlorite. Talc. 

Chloromelaii. Cronstodtite. 

Cliloropal. Silicate of Iron, r. 

Chlorophiritv. 

Chlorophaiic. Flunk of Lime. 

Chmtiauite. Anorthite. 

Chrome. Oxide. 

Chrysubcril. 

Chrysoeolla. Silicate of Copper, A. 

Chry solite. Peridot. 

Chiysojir.ise. Silica, A. 

Chusite. Decomposing granular Peridot. 

Cunuhte. Hydrous Silicate of Alumina, g. 

Cinnabar. Siilpliuret of Mercury. 

Cinnamon-stone. Gai iu-t. 

Clay Hydrous Silicate of Alumina, 7. 

Cl ay slate, (day 
Clay stone (Hay. 

Cleuvclamlite. 

Coul. Carbon, B. 

Cobalt, Arsonittte. 

White. 

Grey. 

Earthy. 

Sulphate. 

Sulphuret. 

Coccolite. Granular Pyroxene. 

Cockle. Tourmaline. 

Colophunite. Gurnet. 

Col utn bite. Tantalitc. 

Compton ite. 

Condrodite. 

Condor rite. Arneniate of Cupper* 
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Mineralogy, fonfetto di Tivoli. CalrtufE 
> j- . Copal, Fossil. Bitumen. 

Copper, Arsoniatc*. 

Arseniuret. 

Carbonate. 

Chloride. 

Native. 

Oxide. 

Phosphate. 

Seleniuret. 

Silicate. 

•Sulphute. 

Sulphuret. 

CopjHir Nickel. Araeniuret of Nickid 
Coralleuene. Hepatic. Sulphuret of Mercury. 

Corundum. Native Alumina, a, 

Cottonerz. White Tellurium. 

Couzeranite. Felspar. 

Crichtonite. Tituniate of Iron,/. 

Crispite. Titanium, Rutile. 

Croealite. Globular radiated veil Natrolite ? 
Cronstedtite. Silicate of Irou, a . 

Crucite. Chiastolite. 

Cryolite. 

Cubic ite. Anal time. 

Culcbrite. BLeleniurct of Zinc. &c. 

Cimimingtonite. Amphibole. 

Cyanite. Kyan te. 

C'ymopliune. ( hrysobeiil 
Cypriue. Blue Idocrase 

D 

Dapeche. Bitumen. 

Daiholite. Borosilinite of Lime, a 
Dmmte. Red Tourmaline. 

Davile. Sulphate of Alumina, b. 

IXivy ne. 

Delphmite. Kpidote. 

Deodalite. Pitch stone. 

Desmme. 

Devoiiiu*. Phosphate of Alumina 
Dialogue. Carbonate of Manganese. 

Diamond. Carbon, A. 

Dias pore. Hydrate of Alninina, a. 

Du-hroite. 

Dmpside. Pyroxene. 

Dioptase. Silicate of Copper, «. 

Di iloite. Latrobitv. 

Dipyie. 

Dis'uite. 

Disthene. Kyanite. 

Dolomite. Granular Magnesian Carbonate of Lime. 
Dr.igonite. Crystallized Quartz. 

Djskolite, Saussurite. 

Dy Hodile. Coal, d. 

e. 

Kdingtonite. 

Kgerane. Idocrase. 

Egyptian Pebble. Quartz, Jasper. 

Kisriikiescl. Ferruginous Quaitz. 

Kkebergite. Scapolite. 

Klueolite. 

Klateritu. Bitumen, c. 

Plectrum, Child, b. 

Km .raid. 

Emory. Granular Corundum. 

Kndellione. Sulphuret of Lem), Antimony, and Copper. 
Kpidote. 

Kpistilbite- 

Kpeomita. Sulphate of Magnesia. 

Kieinitu, Ilarmotome. 

Krinitc. Arseniute of Copper. 

Krlani'.e. 

Ksmarkite. Silicious Borate of Lime. 

Kssouite. Garnet. 

Knchruite. Arseniate of Copper. 

Kuchysiderite. Achmitc. 

Eurlase. 

Kudyalite. 

Eukairite. Seleniuret of Silver and Copper. 


K. Mineralogy. 

Fahlunite. 

Faldore. Sulphuret of Copper, Iron, &c., A. 

Fassnite Pyroxene. 

Felspar. 

Felxtcin. Compact Felspar. 

Fergiisonite. Tantalate of Vttria and Cerium. 

Fetstem. Elaulite. 

Fihrolite. Silicate of Alumina, if. 

Figure-stone. Agalmatolite. 

Fiorite. Hydrous Quarts. 

Fisli-eye-stom 1 . Apophyllite 
Flint. Silica, h. 

Flockeoerz. Arseniate of Lead. 

Flos-ferri. Coralluidal Arragonite. 

Fluellite. Alumina, a. 

Fluknn. Clay. 

Fluor Spar. Fluate of Lime. 

Forsterite. 

Fossil Copal. Carbon, K. 

Fowlmte. Bisilieate of Maiigauese. 

Fraiikliiute. Oxide of I mu. Zoic, and Manganese. 

Frugardite. Reddish Idocrase, containing Magnesia. 

Fulgiu ite. Sand-tubes, Quartz 

Fuller's Earth. Hydrous Silicate jf Alumina, /. 

Fuscite. 

a 

Gulibronito. 

Gado'mite. Silicate of Yttiia ami Irou. 

Galmite. Aluminate of Zinc. 

Galena. Sulphuret of Lead. 

Galli/enstem. Sulphate of Zinc. 

Gallizmit. Oxide of Titanium. 

Gal net. 

Gay Lussite. Carbonate of Soda and Lime, a. 

Gc.intraoe. Coal. 

Gchlenife. 

Geysi rite. Hydrous Quartz. 

Gibbsite. Hydrate of Alumina, b. 

Giescckitc. 

Gaibertite. Carbonate of Magnesia. 

Girasol. Quartz, Opal. 

Gisinonilin. Zcagouile. 

Glanee Copper. Sulphuret of Copper. 

Glauber Salt. Sulphate of Soda, 
filauberite. Sulphate of Soda ami Lime. 

Glnucutite. 

G melinite. 

Goethite. Oxide of Iron, A. 

Gold. 

Goilundite. Arseniate of Tieail. 

Graimnatite. Ampliilmle. 

Granmute. Silicate of Lime. 

Graphic Ore. Tallin inm. 

Graphite. Caibmet of Iron. 

Green Earth. 

Green Iron Earth. Silicate ol‘ lion, f. 

Greenlnmlife. Garnet. 

Gregbi ite. Femfeious Oxide of Titanium. 

Grenatite. Staurolite. 

Grussularia. Garnet. 

Grnnerito. Sulphate of Strontian and Barytes. 

Guinmistein Quaitz, Hyalite. 

Gurliotinn. Cuiapaet Magnesian Carbonate of Lime. 

Gypsum. Sulphate of Lime. 

II. 

Haidingerito. Arseninle of Lime, b. 

Hallite. Websterite. 
llullotricum. Sulphate of Magnesia. 

Halloysite. Hydrous Silicate of Alumina, <1. 

Harmotoine. 

Harringtonite. 

liartmannitc. Sulphuret of Antimony and Nickel. 

Hatehetine. Carbon, G. 

Hausmannite. Oxide of Manganese, 

Iloilync. 

Maydenile. Heiilandite. 

Haytorite. Quartz. 

Iledeutiergite. 
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Mineralogy. Heliotrope. Silica, b 
. v - ‘ llelviii. 

Ueniatitv, Brown. Hydrous Oxide of Iron. 

Red. Oxide of Iron, c. 

Henkvlite. Sul]dmret of Silver, 

Hepatite. Barytes. 

Ilurderite. 

Henuralite. Iodide of Sdvcr. 
llerscliillite. 

Hetepor.ite. Phosphate of Manganese and Iron, A. 
IleuUmlite. 

Highgate Kcsin. Carbon, K, 

Uisingerite. 

Mogauitc. Kutrolite. 

Honey-stone. Mellitv. 

Hopeite. Zinc ? a. 

Hornblende. Amphibole. 

Horn Sdvcr. Chloride of Silver. 

Hornstune, Fusible. Compact Felspar, 

Infusible. Quartz. 

Humboldtilite. Somers ilhte. 

Hmuboldtine. Oxalate of Iron. 

Iluiuboldtite. lluro-silicate of Lime, b 
ilinnite. 

Hurnulitv. Phosphate of Manganese and Iron, e, 
HuitenU-rgitc. Sulphuret of iron and Arsenic, 
Hyacinth. Zircon. 

Hyalite. Hydrous Quartz. 

Hyalosiderite. Peridot. 

Hydrogen Has. 

Hydrargillitu. Phosphate of Alumine, 
Hydrophaue. Ilydrophane Quartz, 

Ilydrolite. Oinchiiite. 

Hydropite. Silicate of Manganese. 

Ilydro-silicite. Quartz. Appendix. 

Hypcrsthcne. 


Jet. Wood Coal. 

Johannitc. Sulphate of Uranium and Copper. 
Johnitv. Cuiaite. 

Johnstonitc. Vunadiato of Lead. 


K. 

Knkoxenc. 

Kali. Potash. 

Kaolin. Hydrous Silicate of Alumina, p 
Karal e. Amber. 

Karpholite. 

Karpliusidcrite. Phosphate of Iron. 

Karsteuitr. Anhydrous Sulphate of Lime. 
Karstm. Schiller Spar. 

Keflekd. Carbonate of Magnesia. 

Kerupliyllite. Amphibole. 

Keratite. Quartz, Hornstone. 

Keratopliyllite, Amphibole. 

Kcrolite. 

Kcrstenite. Cobalt, Bismuth, and Arsenic. 

Kil. Silicious Carbonate of Muguceia ? 
Killenite. 

Kdlkeff. Silicious Carbonate of Magnesia ? 
Klnprothite. Azurite. 

Kohellite. Sulphuret of Manganese. 

Kohterite. Curbunute of Manganese. 

Kollyrite. Hydrous Silicate of Alumina, ». 
Kontgine. Sulphate of Copper, c. 

Konilite. Quartz. 

Konite. See Couito. 

Koreite. Agalmatolite. 

Koupholite. Pretmite. 

Kupferimlig. Sulphuret of Copper and Iron. b. 
Kupferschuiun. Carbonate of Copper and Zinc. 
Kyunitc. Silicato of Aluniimi, a. 


I. 

Iberltp. 

Ice-spar, Anorthite. 

Icthyophthalinitc. Apopbyllite 
Idorrase. 

Igitlu. Jade, 
lgloite. Arragonite. 

Iltudcrite. Kpidote. 

Ilmcuite. 

Uvaitc. Ycnite. 
lndianite. 

ludicolite. Blue Tourmaline. 

I uolde. Stalactitic Carbonate of Limes 
Iolite. Dichruite. 

Indium. 

Iron, Aluminate? 

Arseni ate. 

Carbonate. 

Carburet. 

Chromate. 

Native. 

Native Steel. 

Oxalate. 

Oxydulous. 

Oxide. 

Hydrate. 

Phosphate. 

Scheelute. 
f- ilicate. 

Sulphate. 

Sulphuret. 

Tituninte. 

Iren Pitch Ore. Iron Sinter. Piitizita ? 
Iron Sand. Titaivnte of Iron, a. 

Iserine. Titaniate of Iron, b. 

Isopyre. 

Ittnerite, 

J. 


Jade. 

Jamesonite. Sulphuret of Antimony, Lead, and Iron. 
Jargoon. Zircon. 

Jasper Silica, b. 

Jcfterxonite. Pyroxene- 


L. 

Labrador Hornblende. Ilypcrsthene. 

Labrndorite. 

Lannrkite. Sulphalo caibonate of Lend. 

Lapis Lazuli. Lnxiilite. 

Lnrdite. Agalmatolite. 

Lasiouite. Wnvellite. 

Latialite. Haiiyne. 

Latrokite. 

Laumouite 

Lava. 

Laxinuunite. Chloride of Silver. 

Larulite. 

Lead, Aluminato 
Arseniate, 

Carbonate. 

(llilorido. 

Chromate. 

Molybdate. 

Native. 

Oxide. 

Phosphate. 

Scheelute 

Seleaiuret. 

Sulphate. 

Stilphnto-carbonate. 

Sulphuret. 

Vauadiate, ' 

Lcelitc. 

Lemanlte Compact Felspar. 

Lemnian Earth. Hydrous Silicate of Alumina, m. 
Lenzinitc. Hydrous Silicate of Alumina, c. 
Lepidolite. Mica, r. 

Lepiilokrokite. Hydrous Oxide of Iron. 

Luucite. 

Leucolite. Dipyre. 

Libethenite. Phosphate of Copper. 

Lievrite. Jenite. 

Ligurite. 

Lignite. Coal, c. 

Lillalite. Lepidolite, 

Limhilite. 

Lime, Arseniate. 

Boro-silicate. 


Mineralogy 



INDEX. 


525 


Mineralogy. Lime, Carbonate, 
x-ss-v - —' Arrugomte. 

Fluate. 

Native, 

Phosphate. 

Scheclate. 

Silicate. 

Sulphate. 

Titanmte. 

Liinonite. ()xiile o Iron. 

Liuurite. Cupreous Sulphate of Lead. 
Linsenerz. Arsoniute uf Copper. 

Lipalito. Quartz, Flint. 

Listeritc. Sulphate of Zinc. 

Litheospore. Radiated Sulphate of Barytes. 
Lithomargu. Hydrous Silicate of Alumina, f. 
Liver Ore. Sulphuret of Mercury. 

Loboile. Idocrase. 

Lndulite. Compact Felspar. 

Lotalite. Amphibole. 

Lumachrlla. Shelly Carbonate of Lime. 
Lydian-stone. Quartz. 

Lythroiles. Klaolite. 


M. 

Made. Chiastolito. 

Muclelanite. Sillimanite. 

Muclureitc. Condrodite. 

Mdilrcporite. Columnar Carbonate of Lime. 
Magnesia. Borate. 

Carbonate. 

Hydrate. 

Phosphute. 

Silicate. 

Magnetic Iron. Oxidtdoiis Iron. 

Magnesite. Carbonate of Magnesia. 

Malachite. Carbonate of Copper. 

Malacolite. Pyroxene. 

Maltha. Bitumen, tl. 

Manganese. Arseniuret ? 

Carbonate. 

Oxide. 

Phosphate. 

Silicate. 

Sulphuret. 

Mangauite. Oxide of Manganese, a. 

Marble. Compact Carbonate of Lime. 

Marecanite. Obsidian. 

Margarite, Mica, tl. 

Murka«ute Arsenical Sulphuret of Iron. 

Marl, Aluminous Lime. 

Mannolite. Silicuto of Magnesia, <i. 

Mascagniu. Sulphate of Ammonia. 

Massicot. Yellow Oxide of Load. 

Mauiitcitc. Phosphate of Alumina and Ammonia. 
Meerschaum. Silicate of Magnesia, tl. 

Mciouite. 

Melanitu. Black Garnet. 

Mebmtcria. Sulphate of Iron. 

Mellilitc. 

Mellite. Mellafc of Alumina, a. 

Menaehanite. Titauiute of Iron, c. 

Mongite. 

Memlite. Hydrous Quartz. 

Mercury. Cldoriilo. 

Native. 

Sulphuret. 

Mesitine Spar. Carbonate of Lime and Iron ? 
Mesola. Chabasie. 

Mesohtc. 

Monotype. 

Meteorite. Native Iron. 

Miargyrile. Red Silver, b. 

Mica. 

Micaceous Iron. Oligiste Iron. 

Miraphyllite. Amlalusite. 

Micarelte. Piliite or Seapolite. 

Miemite. Magnesian Carbonate of Lime. 

Mineral Adipocire. Hatchetiue. 

Minium. Red Oxide of Lead. 

Mispickel. Sulpho-arseuiuret of Iron. 

Misy. Persulphate of Iron, 


Mocha Stone. Quartz. Dendritic Agate. 

Mohsite. Titaniate of Iron, g. 

Molarile. Quartz, Uuhrslone. 

Molylidun Silver. Sulpho-tcUuret of Silver and Bismuth, 
MolylKlcnita. Sulphuret uf Molybdenum. 

Molybdenum. Oxide. 

Sulphuret. 

Monacitc. Mengite. 

Monticellite. 

Moon-stuue. Felspar. 

Momite. 

Moruxite. Phosphate of Lime. 

Mountain Cork. i 

Leather. > Asbestos. 

AVood. J 

Mountain Meal. Bergmehl. 

Mountain Soap. H. (Irons Silicate of Alumina, 4. 
Mountain Tallow, llatchetine. 

Muller’s Glass. Quartz, Hyalite. 

Muuilie. Iron Pyrites. 

Morchisonitc. 

Muriucite. Anhydrous Sulphate uf Lime. 

Muriate of Silver. Chloride of Silver. 

Muriatic Acid. 

Muricalcitc. Magnesian Cuiboiiule of Lime. 

Murindo. Bitumen, r. 

Murio-corbonute of Lead. Chloride of Lead, 6. 

Mussite. Pyroxene. 

Myrsen. Siliciuus Hydrate of Magnesiu. 


Mineralogy. 


N. 


Naphtha. Bitumen, a. 

Naphthaline. Carbon, II. 

Napoleomte. Globular Felspar. 

Natrolite. Mesotype. 

N atron. Soda. 

Necronite. Felspar ? 

Necille-ore. Sulphuret of Bismuth, Lead, ami Copper. 
Needle-stone. Mesolite. 

Neopetre. Quartz, Ilorustoue. 

Nepheline. 

Nephrite. Jaile. 

Nickel. Arsenide. 

Arseniuret. 

Oxide. 

Sulphuret. 

Nigrine. Titaniate of Iron, //. 

Nitre. Nitrate of Potash. 

Nontronite. Silicate of Iron, tl. 

Nosin. Spiuellanc. 

Nuttullite. 


o. 


Obsidian. 

Ochre. Oxide of Iron. 

Ochroite- Oxide of Cei him. 

Octahedrite. Oxide of Titanium, a. 

Oderit, probably Black Mica. 

Oisanite. Oxide of Titanium 
Okenite. Silicate of Lime, A. 

Oldhamite. Siliciferuus Sulphate of Alumina, a. 

Oligiste Iron. Oxide of Iron, a. 

Olivenite. Arseniate of Copper. 

Olivine. Peridot. 

Ouegite. Titanium ? 

Onyx. Calcedony. 

Oolite. Globular Carbonate of Lime, 4. 

Opal. Hydrous Quaitz. 

Ophite. Serpentine. 

Orpiment. Yellow Sulphuret of Arsenic. 

Orthitc. Silicuto of Cerium, Iron, Alumina, and Lime, a. 

Orthose. Felspar 

Usmelite. 

Osmium. 

Osteocolla, incruxtingCaibonate oi Lime. 

Ostranite- Zircon ? 

Otrelite. Schiller Spar? 

Oxahoerite. Apophyllite. 

Oxalite. Oxalate of Iron. 
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P 

Pagodite. Agalmatolite, 

Palladium. 

Pam piom to. Molybilatc, &c. of Lead. 

Parnuthitic. Sc.ipolitc. 

Pargumte. Amphihole. 

Paulite. II) prrsthenu. 

IVail Spar. Magnebian Carbonate of Lime. 
Pearl-done. 

Peat. Coal. 

Pcrhumu. Ferriferous Oxide of Uranium. 

Pi kt utile. 

Putiume. Dichroite. 

Pelokmiile. Copper, compoHition unknown. 
Pent.ul.isite. Pi roxenu. 

Peridot. 

Pelalite. 

Petioleum. Hitumen, h. 

Petunt/e, in nimbly Quartz. (Chinene.) 

Phuriiiacolite. Ar«<emute of Lime, u. 
Pliiirniueosiderite. < ’nine Arse mate of Iron. 
Phemikitu. A new Mineral not described. 

Phillipsite. Zt aconite. 

Pliolente Hydrous Silicate of Alumina, n. 
Pliospbalo-aisenuite ot Lead. Phosphate of Lead, b. 
Plumphoiite. Fibrous Phospb.'ite of Lime, 
l’hoti/ite. Silieious ('nrbonato of Maiiguiiebe. 

Ph) s.-thlc Topaz. 

Pieotite. Touirnaline. 

Piente. Mugncbiuii Carbonate of Lime. 

Pierolite. 

Picrosinine. 

Piet ite. Tumor it e ? 

Piunc de Triples. Antiydrous Sulphate uf Lime. 
Pimelite. Oxide of Nickel. 

Pmguite. 

Puule. 

Pisolite, Globular C.ubonnte of Lime, <t. 

Pistazite Kpidote. 

Pitchblende. Ferriferous Oxide of Uranium. 

P»h h stone. 

1'ittizite. Arseni.de of Iron \ 
l’lngiumte. A now Mine.ral not described, 

PI asm . 1 . Silica, b. 

Pl.itina. 

Plconaste. Spinelto. 

PleiirokbiH. VViigueiite. 

Ploiuhugine, or 

Plomb-gomme. Aluminate of Lead. 

Plumbago. Graphite. 

Plnmbo-calcite. Carbonate* of Lime and Lead. 
Pluraiiium. 

Poll ite. Pitchstone. 

Polishing Slate. Kurtby Quartz. 

Polyhasite. Red Silver, r. 

Pol) chrome. Phospluite of Lead. 

Polyhnllite. 

Pol) mignite. T.uitalatc of Yttriu, Zircon, and Lime. 
Polyxen. Plntiiui. 

Pooiiuhhte. 

Porcelain ('lay. Kaolin. 

Porceluin Jasper. Quartz, Jasper. 

Potash. Nil i ate. 

Sulphate. 

Potslone. Compact Talc. 

Pouuxa. llorate of Soda. (Chinese.) 

Prase. Green Quartz, 

l’rateolite. A new Mineral nut described. 

Prolheeite. Green Pyroxene. 

Pruiiuerite. Grey Carbonate of Lime. 
pKeudo-Soimnite. Bond ite. 

Psiloinelane. Oxide of Manganese, d. 

Pyenite. Topaz. 

Pyrapbrolite. Pitchstone. 

Pyrsirgillito. 

P) re no ite. Black Garnet. 

Pyrgom. Pyroxene. 

I*yiites. Sulphuret of Copper, or of Iron. 

Pi rochlore. Titani.de of Lime, &c. 

Pyrolusite. Oxide ol Manganese, c. 

P> romorphite. Phosphate of Lead. 

Pyrope. Gamut. 


Pyroph) Hi* o Mineralogy# 

Pyrophisalite, Topaz. s >^- v "■ ' 

Pyroitbite. rVUcutc of Cerium, Iron, Alumina, and lame, b, 

PyrosideriV. Ovule of J ron, 6. 

Pyrosnirilite. Pyiodmalite. 

Pyrohin.ilite. 

l*yroxene. 

Q. 

Quin tz. Silica. 

Quart/., II)drous. Silica. 

Quicksilver. Mercury. 

it. 

Radiolite. Rergmannitc. 

Rapidolue. Scapolite. 

Rutofkit. K.irthv Fluate of Lime. 

Ra/.oumoflskui. Silieious Curb, mite of Lime. 

Realgar. Red Sulphuret of Arsenic. 

Retinasphaltuni. Carbon, I). 

Retuiitc. Pitchstone. 

Keussite. Siilplute of Soda and Magnesia. 

Rhcmte. Hydimis Phosphate of (kipper. 

Kheti/ite. Kyamte. 

Rhodium. 

Rhodochrosite. ('arbonate of Manganese. 

Rhodonite. Silieious Carbonate of Manganese. 

Rluitunimn. 

Riverolite. Nitrate of Soda. 

Riobte. Riseleuioret of Zinc, Ifcc. 

Rock Salt. Chloride of Sodium. 

Rohwaiul. Carbonate of Lime and lion. 

Ronianzovite. Garnet. 

Roineldc. Sulphuret of Silver and Antimony. 

Rom*1iIc. Arseni ate of Cobult, b. 

Hotbollitc. Gurnet. 

Rotten-stone. Alumina with Silica and Carbon. 

Rubellau. Mica, c. 

Rubellite. Tom maline. 

Kubiiigl limner. Il\drous Oxide of Iron. 

Ruby. Spinello and Cmiiudutn. 

Rutile. Oxide of Titanium, b. 

Ryakulite. Glassy Felspar. 


s. 


Satellite, Oxide of Titanium. 

Sahbte. Pyroxene. 

Sal-ammoniac. Miniate of Ammonia 
Salt, Common. Muriate of Sodu. 

Sanidin. Felspar. 

Sappure. C) unite. 

Sapphue. Blue Corundum. 

Sapphirme. 

Surcolite. Anulciine. 

Sard. Si'tea, /». 

Saidonyx (^mul/, Agate. 

Sassoliu. Boiucic Acid. 

Sal in Spar. Kiln mis Arragonite. 

Suualpite. Kpidote. 

S.iif>8urtfe. Jade. 

Fo.ipolile. 

Scurbroite. Hydrous Silicate of Alumina, o, 
Schiilldcin. Silicate of Lime. 

Scbert-iile. Carbon, I 

Scbietl.-r-spa-. Foliated Carbonate of Lime. 

Schiller spar. 

Sc boa rile. 

Schorl. Tourmaline. 

Schutzite. Sulphate of Strontian 
Scolezite. Ni-edlestone. 

Scorza. Granular Kpidote. 

Selbite. Carbonate of Silver. 

Selenite. Sulphate of Lime. 

Selenium. 

Semeline. Silict o-c.ilcarooim Oxide of Titanium# 
Serpentine. Silicate of Magnesia, b. 

Severitc. II) drous Silicate of Alumina, e. 
Shepardite. Hydrate of Magnesia. 

Sihcrite. Red Tourmaline. 

Sidcritc. Blue Quartz, 
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t mera 0 Ky* Sidero-gruphite. Graphite, h. 

/ ~ L_ Sideroschisolite. Silicate of Iron, 6. 

Silicious Spar. Cleavelandite, 

Sillimauite. Silicate of Alumina, b « 

Silver. Stibiuret. 

Carbonate. 

Chloride. 

lonitle. 

Native. 

Seleniuret. 

Sulphuret. 

Sulphu-telluret. 

Silver Kupfer Glume. Sulphuret of Silver and Copper. 
Smople Quartz Jasper. 

Skoriin. Aluminatu of Iron ? 

Skorodide. Arsenical Iron. 

Skor/.n. Gruuuhir Epidote. 

Smaragdite. Amphibole. 

Smithsonite. Silicate of Zinc. 

Soapstone. Steatite. 

Soda. Borate. 

Carbonate. 

Muriate. 

Nitrate. 

Sulphate. 

Soda it e. Fettstein ? 

Smlalite. 

Sum ei villi to. 

Sommite. Nephiline. 

Somoinitc. Corundum. 

Sordawahte. 

Sparlalite. Red Oxide of Zinc. 

Speckstein. Steatite. 

Specular Iron. Oxide of Iron, «. 

Spliivruhte. 

Sphune. Siliceo ealcaieons Oxide of Titanium. 
Sphero-sidciitc. Caiboimle of Iron. 

Kphiagid. Bole ? 

Spinellane. 

Spiuelle. 

Spinel line, and 

Spinthere. Silicco-calcareous Oxide of Titanium. 
Spuduiueue. 

Sprenstriii Bcrgiii;uuiitc. 

Stahlsteiu. Carbonate of Iron. 

Stalactite. Fibiou.s Carbonate of Lime. 

Stanzaitc. Andalusite. 

Stuurolite. 

Staurotide. Staurolite. 

Steatite. Silicate of Magnesia, t*. 

Steatoul. Serpentine. 

Steinheilite. I )icliroite. 

Steinmark. Li tho marge. 

Stellite. 

Sternbergite. Flexible Silver. Sulphuret of Silver and Iron. 
Stilbite. 

Shlpnosidcrite. Hydrous Oxide of Iron. 

Stromite. Bisulic.ite of Manganese. 

Stronimte. Barytiferoiu* Carbonato of Stroutian. 

Strontia. Carbonate. 

Sulphate. 

Strontiunite. Carbonate of Stroutian. 

St) lobat. Gehlenite. 

Siiccin. Amber. 

Succinite. Granular Yellow Garnet. 

Sulphur. 

Sulphuric Acid. Sulphur b . 

Sunxtone. Felspar ? 

Surturbrand. YYood Coal. 

Susannite. Sulphato-tri-carbonatc of Lead. 

Swagu, Borate of Soda. 

Sylvan. Tellurium. 


T. 


Tabular Spar. Silicate of Lime, a. 
Talc. 

Talc Zographicjue. Green Earth. 
Tankelite. Phoaphate of Yitria. 
Taut alite, 

Tuutolite. 

Telesie. Corundum. 


Tellurium. Native. 

Graphic 

Yellow. 

Black. 

Tennnntitc. Sulphuret of Copper, Iron, &c. B. 
Tephroite. Zinc: 

TV t raelasi te. Scapol ite. 

Terra de Siena. Bole ? 

Terra Sigillata. Lemnian Earth s* 

Terre de M.irmarosch. Eaitliy Phosphate of 1 ime. 
Thallite. Kpidote. 

Tharandite. Magnesian Carbonate of Lime. 
Thenaidite. Anhydrous Sulphate of Soda. 
Thomsonite. 

Thorite. 

Tlir.iulitc. Silicate of Iron, c. 

Thuniite. Axiuite. 

Tin. Oxide. 

Sulphuret. 

Tinstone. Oxide of Tin 
Tinder Ore. Antimony. 

Tinc.il. Borate of Soda. 

Titanium. Oxide. 

Tolfaite. Alum Stone. 

Topaz. 

Topuzolite. Yellow Garnet. 

Tori ente. Phosphate of Cranium. 

Torrelite. Cerium * 

Touchstone. Silica, b. 

Tounnaliue. 

Trawitiiio. Sedimentary Cm bon ate of Lime. 
Tremolite. Amphiluile. 

TiicMasite. Fahlumte. 

Trij Imue. Spodiiineuo, 

Tripoli. F.aithy Quarl/.. 

Troiuu Carb'uuitu of Soda, r. 

Tufa. Kiicilisting Carbonate of Lime. 

Tungsten. Seheelate of Lime. 

Tin key Stone. Novaculite. 

Turnente. 

TunpioLe. Calcitc. 

Tyiolite. Azurite. 


IT. 

IJlImannite. Phosphate of Manganese anil Iron, a. 
Umber. Oxide of Iron and Manganese, 

U ramie. Phosphate of I'ranium. 

Uranium, Oxido. 

Phosphate. 

Sulphate. 


V. 


Vanadium. 

Vargusite. 

Variolite. Globular Felspar i* 

Varvicite. Oxide of Manganese, b, 

Vatupielinite. Chroma’e ot Lead and Copper 
Velvet Copper. Silicate and Sulphate of Copper. 
VeMivian. Mo erase. 

Vivianite. Phosphate of lion, a. 

Volcanic Glass. Obsidian. 

Voruuhte. Azurite. 

Vulcanite. Augite. 

Vulpinite. Anhydiouu Sulphate of Lime. 

w. 

Wad. Kurthy Oxide of Manganese. 

W serthito. 

Wugnerite. Phosphate of Magnesia. 

Walierite. Lcnzinite. 

Welmsteditc. Carbonate of Iron and Magnesia. 
Wandstcin. Carbonate of Lime and lion. 
Wavellito. Phosphate of Alumina. 

Weheterite. Sulphate of Alumina, <«• 

Weiisite. 

Wernerian. 

Wemento. Sca]iolite. 

Wilnite. Idocrase. 


Mineralogy. 
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Miner*'ogy, W ithamite. 

Witherite. Carbonate of Baryte*. 

Wolfram. Schedule of Iron and Manganese. 
Wolkouskoit. 

Wollastonite. Silicate of Lime, a. 

Wolnyu. Sulphate of Barytes. 


Yttrocorite. Cerium. 

Yttrotantnlite. Tantalate of Yttria, &c. 
Yu. Prehnite ? 


z. 


Mineralogy. 


X. 

Xnnthite. Iriocrame. 

XmitholiU. Probably Garnet. 


y 


Yanolite. Axiuite. 

Yellow Karth. 

Yenite. Silicate of Iron and Lime. 
Ytterbita. Oadolinite. 

Yttria. Phosphate. 

Silicate. 

Tantalate. 

Tituniute, 


Zaln. Borate of Soda. (Tliibet.) 

Zinc. Aluminatc. 

Carbouate. 

Oxide. 

Sileniuret. 

Sulphate. 

Sulphuret. 

Zinkcnitv. Sulphuret oi Antimony and Lead 
Zircon. Silicate of Zircunia. 

Zoiiite. 

Zurlite. 

Zurlonite. Zurlite. 



GEOLOGY. 


CHAPTER I. 

PROGRESS AND PRINCIPLES OF THE SCIKNCK. 


Geology. Progress of the Science. 

The term Science, aa now universally employed, is 
understood to express, not only the body of information 
collected, general laws established, or system recognised 
in any dcpartmentof human knowledge, but also the ulti¬ 
mate objects and whole scope of the research. Strictly 
speaking, perhaps, the former is its legitimate meaning. 
Thus the Science of Optics or of Acoustics properly sig¬ 
nifies the body of methodized information acquired in 
those branches of human study, but is popularly un¬ 
derstood, by way of anticipation, to include indefinitely 
the expected or possible future accessions of knowledge 
on the subject. 

It is in c(iiilbrrinty with this ordinary language that 
- c shall endeavour to give the definition of Geology; 
for though truly none of the Sciences ot observation has 
i .dde more remarkable progress toward successful gc- 
iv rali/.ation than this, yet the prospect of further dis¬ 
covery is so much richer than the retrospect, and the 
activity and talent employed in the research is so much 
on the increase, that vve can hardly offer too bold and 
expanded an expression ior the ultimate aims of Geo- 
logy- 

It might provoke a sn.i'.c to recount the singularly 
contracted notions on this subject which have till lately 
figured in Works on Geology. The history of the De¬ 
luge, the discussion of the character and lepositories of 
minerals, the classification of fossils, the causes and 
oilircts of volcanos, lielong indeed to this comprehen- 
m\ e subject, lmt these and many more important in¬ 
quiries;, are only particular branches of the great study 
of Geology. 

One reason of the inadequacy of the definitions 
usually presented, is probably not confined in its appli¬ 
cation to any one of the Sciences of observation, vis. the 
difficulty of foreseeing at the-commencement of a new 
study, the direction and extent of its future develope- 
ment. Mathematical Science, founded upon the per¬ 
vading idea of relative magnitude, may by this compre¬ 
hensive definition, anticipate all the various determina¬ 
tions concerning number, and proportion, and direction, 
which are daily added to its stores, and which are, in 
fact, the developements of recognised fundamental 
axioms; but the Natural Sciences have not this ad¬ 
vantage, and it is only after they have made great pro¬ 
gress, and many detached inferences, drawn from still 
more scattered data, have been combined into system, 

. that the most able cultivators can clearly discern whereto 
their labours eventually tevq. 

Definition. • Guided by these views, we shall define Geology as 
that Science to which it is allotted to investigate the an¬ 
cient Natural History of the Earth; to determine by ob¬ 
servation what phenomena of living beings or inorganic 
matter were formerly occasioned on or within the Globe, 
in wbat order and under what conditions; and from 
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comparative data, furnished by investigation of the pre- ©“Jw. 
Bent operations of Nature, to infer the general system c "‘ *•. 
of successive revolutions which the Earth has under- 
gone before arriving at its present state; and thus, 
finally, to furnish a complete, view of the conditions 
which have regulated, and of those which do regulate, its 
system of mechanical, chemical, and vital phenomena. 

From the terms of this definition we may ot once 
understand why, in former times, the most able men 
erred so grievously in their attempts to elucidate the 
history of our Globe; for, while Geography was imper¬ 
fectly known, before Commerce and the knowledge of 
Languages bad made us acquainted with the productions 
and traditions of every clime; before the birth of most 
branches ef Physical Science, it was impossible to accu¬ 
mulate the numerous and exact data from which alone 
Geology takes its origin. And since the general truths of 
Geology are made apparent only by the application of the 
known laws of Modern Nature, it is evident that, before 
the establishment of those laws, the wisest of the old 
Philosophers had nothing to substitute for enlightened 
theory but blind and fanciful conjectures. These are 
the reasons why the ancient doctrines concerning the 
World are almost without exception bewildered with the 
impossible problem of the'Creation of Matter, and buried 
in a chaos of subtle inventions. 

Cosmogony, not Geology, is the subject of the old tradi- 
tions of Phoenicia, Chaldma, Egypt, and China; and the Oeo 
same incurable fault vitiates the learned systems of 
Epicurus, Aristotle, and Pythagoras. 

It is, however, interesting to observe a considerable * 
refinement in the nature of the fictions by which J 
those great men attempted to supply the want of fair 
deductions. The Epicurean doctrine of atoms, and the 
primary elements of Aristotle and Pythagoras, are fa¬ 
vourably contrasted with the Egyptian egg of the World 
and the primeval monsters of Chaldsa. Familiarized with 
Countries in which frequent earthquakes and occasional 
volcanic eruptions necessarily accustomed the mind to » 
contemplation of great revolutions in Nature, we find both 
Aristotle and Pythagoras indulging the ideas of frequent 
changes in the relative extent of land and sea, and support¬ 
ing this doctrine by reference to historical facts concerning 
subsidence and elevation of.land, to the occurrence of ma¬ 
rine shells far from the sea, and to the ordinary processes 
of Nature. But, in Ibis respect, the Geographer Strabo 
appears to have far outstripped all his predecessors; for 
he distinctly alludes to the various explanations of the ' 
phenomena of marine remains, proposed by Eratos¬ 
thenes, Xan thus, and Strato, and adds his own view of the 
matter, in terms not very different from those employed 
at the present day by the advocates of the gradual eleva¬ 
tion of our solid land from the bed of the sea, as may 
be known by conaultlpg the excellent review of Geologi¬ 
cal opinions given by MV. Lyell. 

The ten centuriea of war and commotion whicMteic- 
4 a ' 
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Geology, cecded the destruction of the Western Empire, were 
Ch. 1 . less favourable to tho growth of Physical Science than 
even those which had preceded ; ami while all the learn¬ 
ing of the world was shut up in cloisters, and confined 
to one class of Society, we cannot wonder that the grand 
cosmogonies of the Ancients should have dwindled into 
puerile discussions. Learning was in chains, but it was 
nevertheless spread abroad through Christendom, and 
waited but for the extension of Geography and Commerce, 
by the maritime discovery of India and America, to 
be emancipated from its thraldom, and for the discovery 
of the Art of Printing to be excited to energy and en¬ 
thusiasm, by the Physical and Astronomical discoveries 
of Kepler and Galileo. 

It was not, indeed, till the Inductive Philosophy, 
budding iu Galileo, blossoming in Bacon, ami rich with 
fruit in Newton, had been widely disseminated amoug 
mankind, that wo were entitled to look for fixed data and 
limited generalizations in any branch of Natural Science. 
The diffusion of this mode of philosophizing may be 
said to have withdrawn the veil of prejudice which had 
previously obscured the visible Creation, and to have 
really generated the Sciences which treat of the proper¬ 
ties of Matter and the phenomena of Life. 

Three different classes of phenomena have conducted 
men of observation to a partial acquaintance with the 
stratification of the crust of the Earth. 

Origin of 1. The arrangement of the various soils in England. 
Inductive 2. The appearances in the mines of Germany. 

Geology. 3 , The rentil i„ s „f plants and animals entombed in 

the strata of England, France, and Italy. 

Agricul- The early advancement of Agriculture in a Country so 
turc. populous, and of so diversified an aspect as England, 
necessarily produced a very intimate knowledge of diffe¬ 
rent soils ; and ns these depend on the nature of the 
substances beneath, which range in regular courses, it 
is not surprising that maps of the soil should have been 
early proposed by agriculturists. Dr. Lister, residing in 
Yorkshire, where the ranges of soil are very well de¬ 
fined, was the first to propose to the Royal Society, iu 
1683, a Map of the soils of England. 

" We shall I hi belter able,” he says, “ to judge of the for¬ 
mation of the Earth, when we have duly examined it, as 
far as human art can possibly reach, beginning from the 
outside downwards. And for this purpose, it were ad¬ 
visable that a Soil or Mineral Map, us I may call it, 
were devised. The soil might either he coloured by a 
variety of lines or etchings: but great care must be 
takeu very exactly to note on the Map where such and 
such soils are hounded. As for example, in Yorkshire, 
the woods, (wolds,) chalk, flint, and pyrites, &c. 2 . 

Jllackmoor, moors, sandstone, &c. 3. tioldcrness, boggy 
turf, clay, sand, &e. 4. Wester 71 mountains , moors, 
sandstone, coal, ironstone, clay, sand, &c. Nottingham¬ 
shire, mostly gravel, pebble, clay, saudstone, hall-plaster, 
or gypsum, &c. Now if it were noted how far these 
extended, und the limits of each soil appeared on a Map, 
something more might be comprehended from the whole 
and from every part, than I can possibly foresee, which 
would make such a labour very well worth the pains. 
For I am of opinion such upper soils, if natural, infallibly 
produce such under minerals, and for the most part in 
such order. But I leave this to the industry of future 
times.” 

This scheme was partly executed by the County Re¬ 
ports presented to the Board of Agriculture, the earliest 
of which dates from 1794 ; but the investigation being 


usually unconnected with sound views of the interior Geology, 
conformation of the Earth, few of these detached efforts Cli. I. 
led to any important results. Facke, in liis Chorogra- 
phiral Chart of East Kent, (1743,) has shown what 
admirable general views of the Physical Geography 
and leading rocks of a district may be entertained, 
without that combination of results which leads to 
Geology. 

Miners in every period must have been acquainted Mining, 
with the order of succession of the rocks through which 
they seek the treasures of coal and metal; and in a tract 
consisting of alternating coal-seams, limestones, sand¬ 
stones, and shales, as at Aldstone Moor, in Cumberland, 
the range and extent of the different strata must always 
have been familiar to the workmen. 

There must therefore always have been a Mineralo- 
gicaii Smooi. op Geolocty in every Country in which 
rich subterranean treasures attracted the attention of 
mankind. 

Agricola embodied the floating information *of the 
miners of Saxony, as early ns 1546 ; (De Nalura Fossi- 
Hum ;) and the appearance of five complete systems of 
Mineralogy in Sweden, and three in Germany, between 
1730 and 1762, sufficiently proves the very general in¬ 
terest in the subject which prevailed in these great 
mining districts. 

Those Works are principally devoted to a description 
of the most prominent Minerals, and it is only inciden¬ 
tally that wo gain from them proofs of the considerable, 
though detached information which the authors really 
possessed concerning the manner in which minerals con¬ 
stitute, by their assemblage, the crust of the Earth. 

In 1750, however, Tylas, a Swede, and in 1756, Leh¬ 
mann , a German, broke through the fetters of a mere mi- 
neralogical method, anil by proving a regular order of su¬ 
perposition among stratified rocks, opened the way to the 
sagacious generalizations of Werner and the cautious 
inductions of Saussure. 

A peculiar set of opinions concerning the formation Werner 
of the Earth, has been honoured by the title of the Wer¬ 
nerian Theory; and the pupils of Werner w ho had found 
proofofthe truth of his practical inferences,'may be readily 
pardoned for the determination which they have shown 
to uphold the hypothetical notions of their master. 

But if we wish to ascertain the real value of the benefits 
which the researches of Werner have conferred upon 
Geology, we must forget his Theory, and view only the 
data which he collected for its foundation. 

Werner was. educated amidst the mines, and iu the 
society of the most eminent Mineralogists of Saxony; 
their experience and their opinions became his own, 
and doubtless swayed and directed the energies of his 
mind. To judge from his own Works, and from the 
course which his pupils have so long pursued, the 
principal point of view under which Werner contem¬ 
plated tlie rocks und metallic veins of Germany, was 
the relative period of their production. Lehmann had, 
indeed, taken tlie same course, and already distin¬ 
guished primary and secondary rocks, 
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Geology, the former existing' in mountain chains, mostly strati- 
ch ' fied at high angles ef declination, and devoid of or- 
g an ic remains,' the latter disposed more horizontally, 
and stored with the reliquiae of life. But Werner, with 
characteristic tact and boldness, applied this method of 
investigation to every case, and took it as the grand 
basis of his classification of rocks. 

Basis of his “ When two veins (a b) cross, and ’one of them (b) 
system. cuts through the other, (a,) the one which is divided (a) 
is the more ancient” 



Among stratified rocks superimposed on one another, 
the lower members of the series, those which lie nearest 
the centre of the Earth, were deposited first, and the 
relative antiquity of the different strata is exactly in the 
order of their position. Thus c is the oldest rock of the 
series, c, d, e, f, g. 

g 

f 

e 

d 

c 

By this manner of proceeding in the instance of the 
llartz Mountains, Weruer was enabled to frame a system 
or classification of rocks in the order of their respective 
position as far as could then be ascertained, and con¬ 
sequently in the order of their consecutive formation. 
Thus the Brocken Mountain was described by Werner 
and his followers as a central cone of granite, upon 
which on all sides round were laid various other nicks 
in a certain and constant order of succession; as gra¬ 
nite, clay-slate, limestone, greywacke and greywacke- 
slate, old red sandstone, limestones, gypsums, sandstones 
and limestones; the upper and newer strata having 
their outgoing or terminal edges lower and lower con¬ 
tinually. 

Werner presumed that this order of succession among 
these rocks would be found to prevail in all parts of 
the World, and tiius announced a grand principle in the 
construction of the Earth which was destined to have 
a most beneficial effect on Geological theory and ob¬ 
servation. For, on the ono hand, it' dissipated the 
chaotic dreams of those who maintained that the whole 
crust of the Earth was to be viewed as a mass of sedi¬ 
ment from the waters of “ the Dsiugeand on the 
other, exhibited the most important subject of inquiry 
respecting the constitution of the Earth, and fixed a 
precise method of investigating it. 

Extending his views through other parts of Germany, 
Werner completed the following system of successive 
formations, (Jameson.) 

Werner's The lowest and oldest series of racks discoverable 
series of by examination is supposed to be of crystalline origin, 
formations. t 0 be devoid of organic remains, and to have been ° 


giifally, as at present, stratified at high augles of in Geology, 
elination. These are called by Werner Ch. I. 

Primitive Rocks. v,— *v — »‘ 

Such are: 

Granite, Porphyry, 

Gneiss^ Sienite, 

Micaceous schistus. Topaz rock. 

Argillaceous schistus, Quartz rock, . 

Primitive limestone. Primitive flinty slati. 

Primitive trap, Primitive gypsum. 

Serpentine, Eurile, or whitestoue. 

A second series of rocks appearing to be partly of 
crystalline and partly of mechanical origin, containing 
tome remains of plants and animals, with slopes of 
stratification less remarkable than the former, is named 
by Werner, on account of these intermediate characters, 
Transition Rocks. 

Transition limestone, Greywacke, 

Transition trap, Transition flinty slate. 

The third series consists of strata more decidedly of 
mechanical aggregation with abundance of organic 
exnvice, and from the greater frequency of these strata 
in the flatter regions of the Globe, where their plaues of 
stratification are nearly level, they are called 
Fleet* (flat-lying ) Rocks. 

1 st or old red sandstone. 

1 st fleetz limestone. 

1 st floetz gypsum. 

2 d variegated sandstone. 

2 d floetz gypsum. 

2 d floetz limestone, or muschelkalkstein. 

3d sandstone, or quadersundstein. 

3d limestone, or plauerkalkstein. 

Floetz trap. 

Independent coal formation. 

Newest fleetz trap. 

Lastly, various sandy and argillaceous strata, imper¬ 
fectly known to Werner, but since ascertained to contain 
the whole vast series of tertiary strata, are included by 
him under the title of Alluvial Deposits. 

That this classification is partly erroneous in principle, 
and in all respects incomplete and inadequate to the ri¬ 
gour of modern investigation, is apparent at a first glance, 
but it obviously contains the essence of all subsequent 
arrangements, viz. a determined reference to the anti¬ 
quity of the deposit. Werner is, therefore, entitled to 
the distinguished praise of having established one of the 
most important general laws yet ascertained respecting 
tlie structure of the Earth. He has proved that its stra¬ 
tified rocks are laid one on another in a certain order of 
succession, which is. the same, or very similar, over 
large parts of the Eurtl/s surface. No one before 
Werner was able to perceive in any Country a regular 
system or series of strata, much less to imagine such a 
series to be universal. 

It has been usual, especially in England, to quote a Mitchell.’ 
variety of persons before the dale of Werner, to whom 
the honour of first declaring the principles developed 
by the Professor of Freyberg might with more justice 
beascribed. Tbe nature of his obligations to his own Coun¬ 
trymen has been already sufficiently stated. Mitchell, 
one of the most talented of the Natural Philosophers of 
England during the middle of the XVIIIth Century, 
who, for a short time, filled the Woodwardian Chair of 
Geology at Cambridge, and afterwards resided, in York¬ 
shire, had certainly made himself acquainted with the . 
series of English strata, especially in the Northern , 

4 a 2 W 
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Counties, and had even gone so far as ’to discover 
some of the most important general relations be¬ 
tween the Geological structure and the Physical fea¬ 
tures of the Globe, defining with a masterly hand 
the mutual dependence of mountain ranges and lines 
of stratified rocks. The merit of Whitehurst, also, both 
as a theorist and as an observer, is very consider¬ 
able. He,states the object of his Work, published in 
1792, to be “ to trace appearances in Nature from 
causes truly existent; and to inquire after those Jaws 
by which the Creator chose to form the World; not 
those by which he might have formed it, had he so 
pleased.” Ilis mode of proceeding is exactly in con¬ 
formity with the first clause of this sentence; for his 
whole Work is a finely woven web of plausible deduction 
and conjecture, founded oil general Physical considera¬ 
tions, and supported or illustrated by a selection of cor¬ 
responding facts and observations. This inverse pro¬ 
cess is certainly, in many respects, characteristic of a 
Cabinet Geologist; and yet this volume contains abun¬ 
dant proof, that its author was both well acquainted 
with a great variety of important data in Geology, and 
possessed of sufficient generalizations to develope their 
value. Wlmt is stated by Whitehurst concerning ihc 
succession of strata in Derbyshire and other parts, was 
chiefly derived from the miners and colliers, who, 
certainly, for a hundred years before the dawn of sound 
Geology, knew perfectly the almost invariable sequence 
of strata in their own districts. 

The value of Saussure’a distinguished services to 
clear the way for legitimate inductions in Geology can¬ 
not be better expressed than in the following passage 
of Cuvier, wherein he is compared with Werner. 

En effet, la partie pttraritnt minirale*du grand 
probl&me de la thiorie de Id Tern a He etudieeavec un 
tain admirable yar De Satusure , til portie depnis & un 
devc{oppement etonnant par fVemtr et par les nom- 
breux et savans blivet qu'il aformis. 

Le premier de res hommes cblebrct, parcourant pini- 
llement pendant vingt annics let cantons les plus inac¬ 
cessible, altaquant en quetque sorte les Alpes par toutes 
leur faces, par tom leurs dbjilbs, nous a dtvoili tout le- 
disordre des terrains pyimitifi, et a trad plus netle- 
ment la limite qui let distingue des terrains secondaires, 
Le second, projitant des nombrcures excavations failes 
dans le pays qui posside les plus ancicnnes mines, a 
fixi Us lois de succession des couckes ,• il a montre Ir.ur 
ahcienncle respective, et poursuivi chacune d’ellcs dans 
toutes ses metamorphoses. CM <fe lui, ct de lui seule- 
ment,qvcdatera la Geologiepositive, en ct qui conceme 
la naturals minirale des couches: mats ni iFerner ni 
De. Saussure n'ont don no (i la ditermination des espices 
organiques fossils dans chaque genre de couche, la 
rigurnr dcvmue nicessaire, depuis que les animuux con- 
nut s'elivenl a un nombre si vrodigieux. 

The grand fact upon which, in all Ages, Geological 
inquiries have hinged, the occurrence Of marine animals 
far from the sea and ; deep in tlje solid bosom of the 
Earth,' was so far understood by the Ancients, that they 
had ascertained the general agreements of fossil and 
;recent marine, shells, nor does there’ appear the least, 
trace of doubt on this subject in their writings. But 
warm discussions arose concerning them among the Na¬ 
turalists of Italy, and at a later period, those of France, 
.England, and Germany, Countries in which those 
exuviae are particularly plentiful And various. 

. The XVlth Century was wholly wasted in the ridi¬ 


culous dispute whether the fosBil shells were genuine Geology, 
marine exuviec, or mere lusus natures produced by a Ch. I. 
plastic power or fermenting fatty earth ^ and the ques- s ^v*^ / 
tion assumed a more difficult character from the addi¬ 
tion of another, whether, if they were genuine petrifac¬ 
tions, they were all deposited by the Noachian Deluge? 

In examining both of these points the Italian Philoso¬ 
phers were by far the most conspicuous, and it is diffi¬ 
cult to understand how the sound conclusions of Steno 
and Scilla could fail to become the universal creed of 
Geology; yet long after Palissy in France had produced 
unanswerable evidence that fossil shells were the ge¬ 
nuine exuviae of ancient marine animals, men voluntarily 
shut their prejudiced eyes to this most simple of nil truths. 

The XVlth Century closed before the expiration of this 
absurd controversy; but as Truth infallibly gains strength 
by even the most unworthy contests, the strong interest 
attached to the solution of this problem spread universally 
among Naturalists the aonviction that great discoveries 
concerning the structure of the Earth were to he accom¬ 
plished, and the mode of contemplating its connection 
with Eoology received very capital improvements, • 

III England, especially, the superior interest which Progress of 
belonged to the thousands of fossil plants and animals, * 0 j* ,lo !>y 
was fully understood by Llwyd, Ray, Lister, Wood- m " Ban 
ward, and More ton ; who by their rich collections, and 
splendid publications, and resolute though unsuccessful 
efforts to deduce the causes which had thus buried and 
preserved imperishable in their everlasting tombs the 
organic remains of a former Woild, undoubtedly kindfed 
that ardent spirit of inquiry respecting the structure of 
the Earth, for which, the English Philosophers of the 
XVIIth Century were so honourably distinguished. 

Nevertheless, the progress of Geology in England 
was still retarded by the fettered condition of other 
Sciences, and by a peculiarly unhappy conjunction of 
Truth and Fiction. The correct view of the original 
nature of “ formed stones, or petrifactions,” was coupled 
by Woodward and his numerous followers with the 
assertion, that all the strata superimposed on one another 
in the crust of the Earth, with all their included myriads 
of fossil animals and plants, were deposited by ’one 
general flood, “ the Deluge !” This fatal error, the 
stumbling-block of the Geologists of the XVIIth Cen¬ 
tury, lay at the root of the brilliant hypotheses of 
Rurnct, Woodward, and Wliiston; and now, though 
discarded by every sound Geologist.it remains a serious 
impediment to the diffusion of correct general principles. 

One great merit, however, strikingly characterises the 
early English School of Geology, even iu Us greatest 
aberrations, a thorough conviction that the organic 
remains entombed in the Earth were the surest evidence 
of the revolutions whichjl had undergone. 

In consequence, the whole island was filled with col- Lister, 
lections of fossils, which were compared with native and 
exotic living species, and almost every Naturalist of note 
from the time of Lister contributed something to the 
stock of information respecting them. That distin¬ 
guished man, equally industrious and fortunate, and in . 
general free from theoretical prejudice, had the glory of 
perceiving and of recording in a single instance the prin¬ 
ciple of mutual dependence between the strata and their 
. organic remains, which afterwards, generalized and pro- ' 
mul gated by Smith, became the most important instru¬ 
ment of investigation which haa ever been presented to 
Geology. - • ' . .. 

Speaking of a small species of belemtiites, (B. Lis- 
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Geology, ieri,) which is figuredin his Jfisloria Animalium An- 
Ch. 1. glia, he says it is found in aJl the cliff's as 1 you aicend 
the wold*, tor above a hundred miles in compass, at 
Speeton, Londesbro’ and Calstor, but always in a red, 
ferruginou* earth. This correct and remarkable result is 
a striking example of the possibility of even holding in 
the hands a* brilliant discovery, without knowing its 
value, or taking any steps to ascertain its importance. 

A century later, the perception of the same truth, in 
several instance* near Bath, und the demonstration of 
its applicability to the whole secondary scries of the 
Snitb. strata of England, enabled Mr. Smith, by his own un> 
aided efforts, to establish the Geology of England on a 
basis from which it can never be shaken ; an accurate 
classification of the stratified rocks, in the order of their 


relative antiquity, accompanied by Catalogues of their Geology, 
organic contents, and a Map «f their ranges on the Ch. J. 
surface of the Island in conformity with the seetion of v — 
the interior. 

The following Table, taken almost verbatim from Dr. 

Fitton’s valuable notes on the H istory of English Geology, 

(Phil. Mag. 1832,) presents the list of English strata as 
published by Mr. Smith in 1815. and the corresponding 
arrangement at present admitted among Geologists; 
and thus at one view may be seen the entire distinctness 
of Mr. Smith's whole system of classification aud method 
of naming, from that of any earlier continental writer, 
and the almost perfect exactness with which his views 
and names have been adopted by the modern School of 
English and European Geology. 


Smith, 1815. 

' Characters of natu¬ 
ral Districts formed * Mo. 
by Groups of Strata. 


1833. 


Plains 


Chalk hills. 


Clay vales , 


Stonebrash hills 


Marl vales. 


Coal tract. 

Mountainous ... 


Nunes of Strata on Mr. Smith's Mop and 
Section., 

(These bed, above the chalk not noticed 
by Smith.) 

London clay... 

Clay or brick earth. 

Crag (rhit should have been placed first) 
Sand and light loam 


Present Names. 


Strata above the chalk 


Cra^ of Suffolk. 

Marino and freshwater strata of the Isle of 
Wight and Dorsetshire. 

Loudon clay. 

Plastic clay. 

Sands above the chalk. 


“-lassasa.). 


9 

10 

11 

12 

13 

14 

15 
1G 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


Green sand.Cretaceous strata< Upper green sand.. 

Blue marl........ I Gault. 

Iron sand ......... | Lower green sand. 

( The tt'eatden group not Ji,li«gui,hed Ig J WeaUen I Hutings^nds. 

t Purheck limestone. 
(Portland oolite. 

S Sand. 

I Kimineridge clay. 


Smith.) 

Portland rock. 

Sand.. 

Oaktree, or North-Wilts clay 


Coral rug and pisolite.. 

Sand ana sandstone, or calcareous grit.... 

Dark blue, or Chinch clay .... 

Kelloway stono.. 

Cornhrash .... n 0 i;t e J 

Hinton sand and sandstone..' 

Purest marble. 

Clay ....• 

Great oolite ... 

Fullers' earth and rock....... 

Under oolite. 

Sand... 

Murlstone .......'. 


U| 

001 


K 


r Upper calcareous grit. 


I t .. 

Coralline, or Oxford oolite. 
Lower calcareous grit. 
Oxford clay. 

Kellowny stone, 
r Corubrash. 

Sand and sandstone. 
Forest marble. 

Bradford clay. 

| Great oolite. 

| Fullers’ earth and rock. 

Inferior oolite. 
v Sand and grit. 

. f Upper lias clay. 

. I Marlatone. 


Lower 

oolite. 


Blue marl... 

[ Lias ( Lower lias clay. 

Blue lias...... I Blue lias. 

White lias ..... White lias. . 

Red marl and gypsum .... .f lied marl und gypsum. 

j&lifbrouii strata' Red sandstone. 

Magnesian limestone .....( Magnesian limestone. (Zecltsfciu, Sc.) 

Sou sandstone....... Kuthctodteliegcnde. 

Coal districts... 1... f Coal measures. 

Mountain limestone.Carboniferous strata < Mountain or carboniferous limestone.. 

Red and dun stuua .....I Old red sandstone. 

Various, killas or slate'....... Slates, &e. 

Granite, sieuite, and gneiss ..... Granite, &c. 


To study the monuments of Nature according to the 
principles developed by Mr. Smith; to ascertain by the 
order of succession and by the organic remains what 
were the contemporaneous effects of the natural agents 
employed in the formation of the Earth in all parts of 
the World; is the great problem of modern Geology. 
By the aid of Zoological and Botanical researches wo 
determine the relative antiquity of every species of fossil 
plant and animal, and assign the relative period daring 
which its existence was continued. Orthoceratites pro¬ 
ducts, trilobites, aud many crinoides, belong to the 


older' and .lower rocks; certain species of echini and 
•shells mark the oolitic strata; while others belong to 
the chalk; and a series of plants, corals, shells, and verte¬ 
bral remains, lies above the chalk, but is not found below. 
Such inferences, drawn from observations in Europe, 
have been found constant eTeu in the New World; 
and if the powerful instrument of research thus placed 
in the hands of the observer, be wielded with the cant ion 
requisite in questions of analogy, the time is probably 
at hand when the principles disclosed by Mr. Smith s 
researches near Bath, and illustrated by Cuviers philo* 
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sophieal description of (lie environs'of Paris, will be 
found universally applicable ; and the distant slopes of 
the llimalayah and the Andes, and the shores of Aus¬ 
tralia and Greenland, will be united in the mind of the 
Geologist who contemplates their coeval stratification. 

We shall here close our short account of the growth 
of Geology into a Science, without being tempted to in¬ 
dulge in the vain amusement of ridiculing those crude 
and visionary schemes which have too long been known 
by the misapplied title of Theories of the Earth. While 
the paths of observation, along which alone the foun¬ 
dations of the Science are to be sought, were hard and 
difficult, those of hypothesis were easy, flowery, and in¬ 
viting. The globular figure of our Planet, the inequality 
of its surface, and the occurrence of marine shells in 
mountains far from the sea, have been thought suffi¬ 
cient data for rashness und speculation to construct 
detailed Theories of the Earth, to determine the consti¬ 
tution of its centre, and to describe, as if' they hod ac¬ 
tually beheld them, the successive revolutions which it 
had undergone. 

These unfortunate hypotheses were most numerous and 
discordant during the period when positive Geology had 
mafic the least progress; with the advancement of know¬ 
ledge they diminished in number and improved in con¬ 
sistency, and at the present moment, though every 
professed Theory has lost its power of fettering the mind, 
there is a tacit but almost universal agreement in these 
fundamental principles of structure, and circumstances 
of origin, by which not only every passing Theory must 
be judged, but to which also all good observations and 
sound inductions must be referred. To develope these 
principles in a settled .Order, to illustrate by their aid the 
Geological structure of the British Isles, and to connect 
the Geology of Britain with that of Europe and the 
terraqueous Globe at large, and thus to rise by a legi¬ 
timate process to the most comprehensive inferences 
which the subject admits of, is the aim of the following 
pages. 

We Rhalf'not, at the outset of our inquiry, prejudge the 
important questions which will arise for discussion, by 
deciding between Huttonian and Wernerian; or any other 
hypotheses; but allowing to their ingenious authors the 
merit of having really promoted Geology by stimulating 
curiosity and by dircctinginquiry,we shall tor the present 
neglect them altogether, except so far as they may assist 
us to read well and interpret aright the rich and impar¬ 
tial volume of Nature. 

But though Geology will not again own a master, its 
cultivators can never cease to be grateful to their ancient 
leaders ; and many names connected with the general 
progress of English Geology in recent times, here de¬ 
mand the warmest expression of gratitude. The English 
system of Geology, based on the extensive labours of 
Smith, has been fully illustrated in Ureenongh’s Geolo¬ 
gical Map, Buckland’s Reliquiae Diluoiante, and Cony- 
benre’s Geology of England and Wales, a Work cer> 
iainly not yet surpassed in merit, uor soon to be excelled 
unless by the continuation of it, which is anxiously 
expected, from the combined labours of Conybeare and 
Sedgwick. . Scotland has been surveyed by Jameson 
and Me Cullochu amply described by Boud, and put in 
relation with English Geology by the eminent re¬ 
searches on secondary rocks of Sedgwick and Mur¬ 
chison, Nearly the Whole of Ireland has been ably 
treated by Weaver. The mineral condition of the Bri¬ 
tish Islands has been to a great extent developed by 


Sowerby, and the history of British fossil plants is in Gevfl^rr. 
the hands of Lindley and Hutton. If from these com- Ch. 1. 
prehensive Works we should pass to those more local ' W V — 
and definite discoveries which are the ultimate strong¬ 
holds of the Science, many pages would not suffice to 
hold the praise so justly ascribed to De la Beche, 

Furey, Horner, Lonsdale, Lyell, Mantel!,' Miller, Web¬ 
ster, and other eminent names which will appear in 
the following descriptions. To the Geological Society 
of London, established in 1807, as a Body, belongs 
the high and enviable praise of unwearied and exciting 
activity, sound preference of permanent facts to tran¬ 
sient Theories, invincible liberality of sentiment, and 
prophetic anticipation of that glorious expansion of the 
Science, which now claims for it the countenance and 
the active cooperation of every person interested in the 
interpretation of Nature, or concerned in the increase of 
the national wealth. Finally, there Is yet a tribute 
to be offered ’ to one whose ear is now dead to grateful 
praise, the man whose genius restored the vanished 
forms of Nature, and united the Zoology of all Ages of 
the World. What monument can be required for Cuvier, 
so long as the wonderful works of Creation claim the 
admiration of mankind ? • 

i 

Materials in the Earth. 

. The first question which presents itself to the in- Mean'den.' 
quirer into the Natural History of the Earth is, what are ®jty of the 
the materials employed in its construction ? To answer “ ortb ' 
this question fully, and in all its extent, is now, and 
will, probably, forever remain impossible, because with 
respect to the interior of the Globe we can learn nothing 
from direct observation, nor infer from Astronomical 
researches any thing more than that the materials, 
whatever they are which compose the more central 
parts, must have there a Specific Gravity, very much 
greater than that of the rocks which appear near the 
surface. The mean density of all the predominating 
rocks hitherto discovered is about twice and a half that 
of water; but the. mean density of the whole terraqueous 
mass is four and a halftimes, or perhaps five times that 
of water. We may, therefore, safely conclude that the 
central portions are much heavier than the external 
crust; but beyond this all is speculation. 

It must not be concluded that because in the central Specific 
parts the materials, whatever they are, have a Specific <* ravil y °* 
Gravity greater than those near the surface, they would ,; 1 j g I | la 8 ‘ 
also remain heavier if brought to the surface, for the 
compressibility of Matter under pressure would neces¬ 
sarily tend to the condensation of the internal nucleus of 
the Earth, and that in so high a degree, if the internal 
substances be of the same compressibility as those in the 
crust of thfe'Earth, as tu make the mean density of our 
Planet very much higher than it is known to be. Putting 
out of view the question of the Chemical relations of the 
internal substances of the Globe, and confining ourselves 
to Mechanical considerations alone, wc should have, as * 
conclusions of the greatest probability which the subject 
admits of:— 

First, that the superior density of the internal parts 
of the Globe is'occasioned by the accumulated pressure 
which they have to sustain. 

Secondly, that the' effects of this pressure in con¬ 
densing the internal parts of the Globe would be far 
nwre considerable than they are, were they not resisted 
within by some general antagonist force; such as the 
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Qwlon. expansive power of heat, or an extraordinary want of 
Ctn.l. compressibility among the particular substances ope- 
* rated on. 

Thirdly, That the Earth’s spheroidal figure 1ms been 
attained in consequence of its having formerly been en¬ 
tirely fluid, during rotation on its axis, end is pre¬ 
served because the internal arrangement of its materials, 
whether solid or fluid, is in equilibrio with the velocity 
of its rotatory movement, 

Limitation It cannot he too often nor too early impressed upon 
of inquiry, the mind of the student that Geology has no connexion 
with systems of Cosmogony. It is wholly a Science of 
observation and inferences, and limited to-the pheno¬ 
mena presented within-a small depth from the surface 
of the Earth. The regular disposition of the materials 
of our Planet does indeed permit us in many cases, to 
infer, with the highest probability, what is the condition 
of its interior to a depth far beyond that actually visible 
to human eye; but still all the aids of Inductive Science 
are ineffectual to penetrate more than a few miles below 
the soil. It muy, indeed, be the case, since the level 
from which volcanos arise is uncertain, that the materials 
which they vomit have been derived from greater depths, 
but the great improbability that these materials, after un¬ 
dergoing fusion, should be restored to their original con¬ 
dition, must make us hesitate to adopt volcanic products 
as evidence of the exact nature of the substances in the 
interior of the Earth. Our observations arc, therefore, 
nearly confined to what is technically called the Crust 
of the Earth, and our legitimate inferences desceud.no 
lower than the rocks which appear in this crust. 

Earthy There is hardly any tract of country so limited as not 
compounds to show a considerable diversity of earthy aggregates. 

Even in those districts which possess neither quarries, 
nor mines, nor cliffs, nor natural valleys, the surface of 
the land and the shores of the sea are generally strewed 
with fragments of different stones transported by some 
ancient powerful currents from regions in which Nature 
is more prolific, or more clearly reveals her treasures. 

In the more level Countries the principal varieties of 
the earthy compounds or aggregates are included in 
the terms limestone, sandstone, and clay, of different 
colours, hardness, and fineness of grain. Each of these 
great divisions of rocks contains essentially a peculiar 
species of earth which imparts to the mass a particular 
derivative character. Thus, 

Limb is the base of limestone, 

Silica of sandstone, 

. Alumcn* of clays. 

Magnesia is an essential ingredient in certain 
limestones. 

Carbon is the characteristic element of coal, 
Soda * of salt. ■ 

If we now tum our attention to the mountainous 
tracts, where crystallized minerals presejit themselves 
in au endless variety of combination; we shall, pier- 
, haps, be led to expect a corresponding abundance of 
primitive substances. But Chemistry has taught us 
that all rthis seeming inexhaustible variety is occa¬ 
sioned by a few earths, metals, and combustibles, and 
some of these are so rare, and even solitary In their 
occurrence, as to be. of little importance in this inquiry. 
By far the greater number of earthy minerals are com¬ 
posed of the same four substances, as limestones, sand¬ 
stones, and clays, variously combined with nikalies and 
acids, and differently coloured by metallic oxides, & c. 
A good general knowledge of silicicut, aluminous, cal¬ 


careous, and magnesian minerals and rocks, is therefore (teakigy. 
the portion of Mineralogy most essentia! to a Geologist. t;1 >-1 ■ 
All the various aerial, liquid, und solid compounds - 

which belong to this Globe are reducible to about fifty- Etcmentary 
four ingredients, which are termed simple or primitive, s " b * lttnf * ,< 
because, in the present slate of Chemical Science, they 
appear incapable of further decomposition. Of these 
Forty-three are metallic bodies, brilliant, electropo¬ 
sitive, and, with the exception of potassium and sodium, * 
heavier than water. 

Of these thirteen produce, by union with oxygen, the 
Earth and alkalies,— 

Aluminum, Siliduni, -Yttrium, 

Glucinium, Thorinium, Calcium, 

Magnesium, Zirconium, Strontium, 

Barium, Ljthium, Sodium, Potassium. 

Five decompose water at a red heat,—- 

Manganese, Zinc, Iron, Tin, Cadmium. 
Twenty-four do not decompose water at any heat. The 
more oxidable are, 

Arsenic, Antimony, Copper, 

Molybdena, Uranium, Tellurium, 

Chrome, # Cerium, Nickel, 

Vanadium, , Cobalt, Lead, 

Tungsten, Titanium, Mercury, 

Columbiutn, Bismuth, Osmium. 

The less oxidable,— * 

Silver, Rhddium, Gold, 

Palladium, Platinum,. Iridium, 

Eight non-tnetallic combustibles ,— 

Sulphur, Iodine, Carbon, 

Phosphorus, Bromines, Fluorine ? 

Silenium, Boron. 

Four gases ,— 

Hydrogen, Oxygen, Azote, _ Chlorine. 

Every substance in this list is found' in the. mineral 
kingdom ; and while the Chemist examines them sepa¬ 
rately in his closet, the Mineralogist studies their combi¬ 
nations in the field. 

It may, perhaps, be imagined that innumerable coin- Minerals, 
binations are derived from these fifty-four primary ingre¬ 
dients. But as mauy of them are excessively rare, as 
the remainder combine only upon certain principles, the 
number of mineral species really determined is, in fact, 
very small, perhaps hardly exceeding 800. Nor is the 
Geologist always called upon to make himself acquainted 
with ail even of this moderate number. Unless his 
labours arc devoted to the detailed phenomena of vol¬ 
canic productions, or of mineral veins, he will seldom 
hive occasion to observe. more than one-tenth of the 
number. The reason of this ia that a large portion con¬ 
sists of rare and local species, and that in combining to 
form rocks, the others are associated in families, and 
united into specific compounds without much per¬ 
mutation. Thus quartz, felspar, hornblende, chlorite, 
and mica, frequently occur together in granitic rooks, 
but other minerals, as calcareous spar, &c. scarcely ever 
accompany them. In consequence, then, of the rarity 
of many minerals, and the uniformity of the assemblage 
of others, there is really much less difficulty than might 
be expected in recognising nnd discriminating the rocks. 

To class aud to describe them is difficult, to compare and 
to know them Is easy. 

Supposing, then, that the student has already made 
himself acquainted with the more common and remark¬ 
able racks, as limestone, sandstone, and clay, various 
kinds of slates, basaltic, jwrphyrilic, und granitic rocks, * 
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we shall now proceed lo inquire in what manner' they 
cii. I ure arranged in the Earth. 

Stratification. 

The best way of prosecuting this inquiry, is to begin 
' at home, where precise information can bo most easily 
acquired; next to compare our own with neighbouring 
. districts; and, finally, extending our views over the 
whole surface of the Globe, to class the phenomena, and 
deduce the general results. . 

Arrange- It might be very excusable before Countries were 
meut of cleared and cultivated, and before their various iniuural 
thu imrfaco. productions were employed and understood, to imagine 
’ that the muterinls of the Earth were heaped together in 
confusion, tiic result of n chaotic formation ; but at 
present, such a notion will not stand the test of u mo¬ 
ment's reflection. One district has chalk beneath the 
surface, another limestone, a third coal, and a fourth 
granite, and these arc never mixed or confounded toge¬ 
ther; so that the most careless observer must conclude 
that the dill'erent rocks are nrrunged afler some ascer¬ 
tainable method. These different rocks are not mere 
insulated patches irregularly seatftred through the 
country, but generally connected ou the surface in long 
ranges, which in all the Eastern half of England have 
their prevailing direction from North-East to South- 
West. Thus the chalk of the Yorkshire Wolds is pro¬ 
longed (sec the Map of the British Isles) through Lin¬ 
colnshire, Norfolk, Suffolk, Bedfordshire, Wiltshire, 
Dorsetshire, &c ; the oolitic limestones range through 
Lincolnshire, Northamptonshire, Gloucestershire, and 
Somersetshire; and many other limestones and sand¬ 
stones hold a parallel direction. Hence it happens, in 
proceeding from London toward the South-West, West, 
or North-West of England, we cross so great a variety 
of rocks, and so many ranges of hills, 

A person proceeds from London to North-Wales. 
After passing low, gravelly plains in the drainage of the 
Thames, he climbs, by a long slope, the chalk-hills of 
Oxfordshire ; crosses vales of clay and sandstone; as¬ 
cends a range of oolitic limestone; traverses wide plains 
of blue and red marl; urrives in districts where coal, 
iron, and limestone abound ; and, finally, sees Snowdon 
-composed of slate. And if, in proceeding from London 
to the Cumberland Lakes, he finds the same succession of 
gravelly, plains, chalk hills, clay vales, oolitic limestone 
ranges, blue and red clays, coal, iron, and limestone 
tracts, succeeded by the slate rocks, which compose the 
well-known summit of Skiddaw, will ho not concluife 
that something beyond mere chance has brought toge¬ 
ther these rocks in such admirable harmony? Will he 
not have reason to conjecture that in the interior of the 
Earth regularity of structure must prevail ? 

Internal This conjecture becomes certainty when we explore 
wrongs- the relative position of rocks os it is displayed in wells, 
°* pits, quarries, and mines, the woTks of human industry, 
or laid bare in cliffs and ravines by the hand of Nature. 
Here we see the rocks formed in layers or tabular masses 
of various thickness, but always of very great superficial 
breadth or extent and placed upon one another like the 
leaves of a book- These layers are called strata. Along 
the edges of hills, in the course of precipitous valleys, 
and by the margin of the Sea, it not only is not difficult 
to recognise this truth, but it is almost impossible to 
avoid perceiving it. 

, Many parts of the English coast present what is 


termed a natural section of the rocks, and accordingly Gsulpny. 
whoever visits the shores of Northumberland, York- ^ ^h . '■ 
shire, Kent, Hampshire, Cornwall, South-Wales, or 
Cumberland, may easily satisfy himself of the stratifi¬ 
cation of most of the limestones, sandstones, clays, and 
slates of England. For most of the cliffs are composed 
of several distinct layers of rock, which, are piled one 
upon another inn regular order, preserve a definite thick¬ 
ness, and appear under the same circumstances in many 
distant places. In the interior of the country the same 
conclusion is to be drawn from examining precipitous 
hills and deep valleys; and even in the flattest country, 

Art supplies the means of investigation which Nature has 
denied. The wells, and pits, and mines, which have 
been found necessary for the comfort of civilized Man, 
all display the same general truth, and lead us to con¬ 
clude that the principle of stratification among rocks is 
confined to no particular Country; but whether in the New 
or the Old World, in Continents or in Islands, it is so re¬ 
markable and so constant, that colliers sink deep pits, and 
miners undertake extensive levels, in full confidence 
that - no exception to its generality will affect the result 
of their enterprises. It.is not a speculative truth, but a 
practical law of Nature, and is probably the fact of most 
extensive Influence in the whole Theory of Geology. 

So many important facts respecting stratified rocks 
flow in together upon the observing mind, that it is not 
easy to analyze them in the exact order of their occur¬ 
rence. A person attentive to the snbject cannot fail to 
discover, even in a very limited district, that the different 
strata which appear above one another, like the leaves 
of a book, are also, like them, arranged in a certain 
constant order of succession, A stratum which in any 
one situation is found beneath another will never, in 
any other situation, be found above it. 

As a bookbinder sometimes neglects to bind in a par- Super 
ticular leaf, so Nature sometimes omits a particular P“* ltlU11 
rock ; but she never misplaces the rocks, as the careless u slra 
workman sometimes misplaces his pages. Let us take, 
as an example, the cliffs on the Coast of Yorkshire, be¬ 
tween Flnmborongh Head and Robinhood’s Bay. 
Gristhorp Cliffs are crowned by calcareous sandstone 
rocks, which rest on a thick, bluish, argillaceous bed; 
under this is a brown, ferruginous sandstone, ant], still - 
lower, a thin, calcareous layer full of fossil. Bhells. In 
Scarborough Castle Hill, the same calcareous sandstone, 
argillaceous tied, brown ferruginous rock, and fossil bed, 
occur in the very same order of succession. Or let us 
station ourselves at Leeds, and examine the coal-pits of 
the neighbourhood, notice how many seams of coal ara 
cut through, and what beds of sandstone and shale, and 
what layers of ironstone are met with. Then, inquiring 
of the workmen, we shall learn that the same " set of 
beds” is wrought at another pit. At this other pit 
we shall find the same beds of coal in the same order of 
succession, at nearly the same distances firom one another, 
and ofinearly the same qualitjes and thicknesses; and 
this strict analogy will be found at several pits over a 
considerable extent of ground, and, therefore, here, as 
well as on the coast, we obtain proof that in a limited 
district the strata are arranged with respect to one 
another in a certain constant order of succession. 

• Pursuing our investigation, we find that the strata 
are generally so disposed that their planes or broad sur- tion of 
faces are not exactly level .or parallel to the Earth’s ,trata * 
spherical surface, but sloping in some one direction, bo . 
as, in that direction, to sink deeper and still deeper 
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Oeolotty. into the Earth, and to be covered by other strata. This Egypt, Syria, the Countries bordering on the Caspian, Geology. 

L slope, this deviation frytrt the horizontal position, .is Siberia, and Hindustan, leads to a confident belief <’*>■ I. 
called the dip or declination of the strata; and the that th6 same general system, modified by local rireum- v —v—' 

rocks are accordingly said to dip or decline to this 6r ‘ stances, will Ins found applicable to the greater portion 
that part of the horizon. The different rocks which of the surfuce of the Old Continent. 

compose the interior to a considerable depth are, thcre r • Important agreements between the strata of North Analogy of 
fore, in consequence'of this declination, exhibited in America and New Holland and those of Europe, have dl »t* , ii tie- 
succession on tne surface, and Hence it is that mankind been already determined, and the time wilt probably at 

is furnished'with a vast variety of mineral productions last arrive, when, if it cannot be proved, as Werner per- 

suitable to its numerous necessities. haps imagined, that similnr rocks were at the same time 

Continuity Any one thus far initiated in' Geology, and possessed deposited in every part of the bed of the ancient sea, at 
of strata. 0 f common powers of observation, will be able to*com- least it will be possible to show that the same system of 
pose a list or scale of the strata which occur in his natural processes was every where in progress, con tom- 
own neighbourhood, naming them in the exact order of poraneously or successively producing analogous effects; 
iheirsttccession or superposition, and thus will be furnished and to ascertain the relative antiquity and accompanying 
with the means of comparing his own' district with circumstances of - even the most distant deposits; and . 
others near and distant. The results of this comparison thus to exhibit, in chronological order, a history of all 
are very important, for we thus iearn that one general the varied yet harmonious operations, by, which, in 
order of succession is observed among all the stratified regular gradation, this Globe was filled with loug- 
rocks of England; Certain strata are locally deficient, enduring monuments of the everlasting power and wis- 
bnt all those which do occur together are found inva- dom of its Creator, and made fit to bq inhabited by a 
riably in the same relative position. The scries of stra- Being capable of interpreting the conditional effects, ra¬ 
tified rocks in the North of England, taken in a general cognising the appointed agency, and venerating the 
way, is expressed by the following qames: cfyaik, gault, universal Cause. 

Kimmeridge clay, coralline oolite and calcareous grit, 

Oxford clay and Hackness rock, cornbrash and Bath Distinction of Stratified and Unstratified Rock*. 
oolite rocks,'has shales, red marl and sandstone, mag- ■ 

nesian limestone, coat system, mountain limestone. Stratification is, therefore, the most general condition, Ibdslivo »!• 
slate. The series in the Southern parts of England is or‘mode of arrangement of the rocks which appear in tuat ‘on. 
precisely accordant, except that the magnesian limestone the crust of the Earth; and in the wide plains and 
is there nearly deficient, and that the Kiihmcridge clay gently undulated portions of the surface, it is often the 
is covered by some strata which do not pass the river only one discoverable. A person of good discernment, 

Humber. Besides, we find the strata of the North" of who should pass his whole life in investigating the 
England actually connected by mutual extension with South-Eastern part of England, or the Northern part 
those of the same names in the South of England, so of France, might conclude, from every observation 
that we thus prove their continuity over large tract*, as he could there make, that the external materials of the 
well as the constancy of the order of their succession., Earth were universally stratified. 

By means of these comparative observations, begun On the oilier hand, the inhabitant of the inonntains 
by Mr. Smith in 1790, and continued with unabated secs so many examples of granitic rocks, totally devoid 
zeal by his numerous disciples, the whole series of Eng- . of any appearance of stratification, and sometimes finds 
lish stratified rocks has been ascertained, and arranged that structure in the slate rocks to dubious and incon- 
in tabular order j and the Geologists of England have, elusive, that he is wholly unable to comprehend the 
in consequence, furnished to the rest of the world a magnificent chain of inductions derived from the study 
standard of comparison, by which to determine how far of stratified rocks. Unstratified rocks generally abound 
the laws of stratification disclosed in this Island arc along mountain chains and groups, and very often form 
applicable to other Countries. their axis or nucleus. Stratified rocks fill the plains, 

Stratifies. Considerable labours remain to be accomplished be- and form the encircling flanks of the mountains. When 
tiim age- fore even the stratified rocks of Europe can be com- avast mass of unstratified rock, as granite, forms the 
neral prin. p] e | e jy compared with those of England, and the want ' nucleus of a mountain group, the stratified materials 
Cl110 ' of evidence is still more severely felt with respect to which surround it, generally slope away on all sides, 
the three other quarters of the Globe. Nevertheless, as if the granite hud been protruded from below these 
the following important general results may be regarded strata, and, during the act of its uplifting, had broken . 
as certain. The principle of stratification is found to them, and caused them to assume their several inclina- 
be universal; that is to say, in.every Country of suffi- lions. Other unstratified rocks, as basalt and porphyry, 
cient extent, various rocks are found to be superimposed appear amongst Jbe stratified rocks, sometimes in irre- 
on one another iu a certain settled order of succes- guiarly lenticular masses, as if they had been spread 
sion, and these rocks are not found only in insulated in a melted state around. a common centre, sometimes 
patches, but often hold their course across Provinces and filling long vertical fissures in the strata, as if they had 
kingdoms. been injected from below. ' 

Throughout 'the whole area of Europe, from the On comparing together the stratified and unstratified Mineral 
Oural mountains to. the Atlantic, and from Lapland to rocks, wefind thelr mineralogieal composition extremely characters, 
the Mediterranean, the stratified messes of the Earth, different. The stratified rocks are earthy aggregates, 
taken in their generalities, are arranged "upon the same as sandstones, clays, or simple Chemical precipitates, as 
principles, follow one another in the same'exact. order of limestone; such ^materials, in fact, as we know to be 
succession, and, in fact,'form pqrts of one vast system accumulated in the same mode of arrangement by 
of rocks, once more perfectly connected thauM present, modern waters. 

What is known of the Geology * of North Africa' ’ The unstratified rocks, on the other hand, are gene- 
vot. vi. i 
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rally 9 ml evidently cry stall iied masses, often analogous 
to volcnnic products, or compounds containing essen¬ 
tially minerals which arc not known to he producible 
from water, but in several instances are obtainable by 
artificial heat, or generated in the deep furnaces of 
which volcnnic mountains are the vents. 

Stratified rocks h&va evidently been deposited suc¬ 
cessively from above fine lowest first, the uppermost 
last, in obedience to the lasvs of Gravity. 

Unstratified rocks, on the olhei hand, seem to be 
derived from lire depths of the Earth, and to have been 
ejected or uplifted from below the Strata, as volcanic 
matter is protruded at the present day. 

Stratified rocks contain very generally the remains oi 
the plants and animals which were in existence at the 
period of their formation, exactly as remains of the 
present races of plants and animals are found buried in 
the modern deposits of water. 

But uustratilied rocks contain no such evidences of 
watery origin or incclianical aggregation. 

By all these characters, separately and comparatively 
considered, the two great divisions of materials Which 
compose the external parts of our Globe, are proved to 
have been produced by'entirely opposite causes. Stra¬ 
tified hocks are analogous to the modern -Products 
of Wateh, and are therefore called Neptunian, while 
UNsrnATiFtCD rocks urc analogous to the modern 
products of subteuraneous fire, and receive the 
names of Plutonic aud V oleanic, according to the de¬ 
gree and circumstances of this analogy 

The distinction now insisted upon, between the Nep¬ 
tunian nud Plutonic formations, between stratified and 
crystallized rocks, is of the highest importance, and de¬ 
serves the find notice, even ou the very opening of the 
subject of Geology, For not ouly are these dill'erent 
classes of rocks distinguished by most important general 
characters, but even the methods by which they are to be 
investigated, and the preliminary knowledge required for 
this purpose are entirely distinct. Amongst the stra¬ 
tified rocks a knowledge of Zoology anil Botany is 
required to develops the past history of innumerable 
remains of plants and animals, which were buried at 
successive periods; on the contrary, among the moun¬ 
tains associated witli granite, where minerals of every 
hue and form appear in every dill'erent combination, 
scientific Mineralogy is of much higher importance. 

In consequence, Geology divides itself into two 
branches, one of which links itself with the Natural His¬ 
tory of modern plants and animals ; and the other with 
Chemistry and Mathematics. And we have now, and 
have always had two distinct groups of Geologists, 
whose progress and discoveries have been as different no 
the preliminary knowledge which their different spheres 
of research required. 

A Geologist of adequule attainments must indeed be 
supposed acquainted, at, least generally, with both 
branches of this magnificent subject, aud therefore 0 per¬ 
son entirely ignorant either of Mineralogy, on the one 
hand,-or of Zoology and Botany on the other, must be 
considered os only half-educated. He may, indeed, be a 
very useful local observer, but he must be further in¬ 
structed .in his Science before he can be sent to explore 
Bn unknown- region, or permitted to give an opiniou 
on the whole Theory of Geology. 

As much knowledge, therefore, as cau be easily gained 
of the minerals which enter Most frequently into the com¬ 
position of rocks and veins, and of the Natural History of 


the plants and animals whose remains lie buried in the Geology, 
strata, is absolutely necessary to every professed Geo- Ch. Iv 
logist. Yet on this account the student ought by no 
means to lie discouraged; for this preliminary know¬ 
ledge will be quickly, though insensibly, acquired by 
an intelligent observer, in exact proportion to his need 
of it. 1 n a level country composed of limestone, sandstone, 
and clay, the multitudes of organic remains which conti¬ 
nually meet his eye will infallibly procure him the 
power of discriminating their specific forms; and among 
the mountains associated with crystalline granite, the 
endless repetition of the objects will generate a Mine- 
rnlogical tact ill the eye, and a Mechanical if not Mathe¬ 
matical notion of the structure of crystals. 

The suirumuy observations which will be introduced 
in this Treatise on the preliminary Sciences of Zoology, 

Botany, suul Mineralogy, will be placed with those divi¬ 
sions of the subject to which they respectively belong, 
and where they will be the most intelligible as well as 
the most useful. . 


On Stratification in general. 

Strata, layers, and beds, are synonymous terms. Nmi», the 
14 Strata," says Professor Playfair, " can only be formed- t ; ,r,u ltu - 
by seams, which are parallel throughout the entire muss." Ulul " 
This definition, founded upon the supposition that loose 
materials deposited under Water must be arranged in 
layers parallel to the surface of the water, undoubtedly 
contains the general or fundamental idea of stratification, 
but is often too abstract for practice. The mast remark¬ 
ably regular and parallel seams or divisions between the 
strata happen in calcureous and argillaceous rocks; but 
the partings in sandstone are much less uniform. A 
particular shelly bed of stone lies at the top of the coraf- 
line oolite of York shire,,and may be traced for a great 
distance ; -a red band, long since noticed by Lister, lies 
»t ttie base of the chalk of Yorkshiro and Lincolnshire 
for sixty miles in compass ; the corubrash limestone, 
seldom more than ten feet in thickness, is continuous 
from Dorsetshire nearly to the Humber. In these in¬ 
stances, therefore, Playfair’s definition applies very well; 
on tiiC contrary, the beds of sandstone with coal which 
are interposed in tlio oolitic system Of Yorkshire, are 
altogether 500 feet thick near ltobiu Hood's Bay, but 
dwindle toward the South, and arc entirely deficient 
before reaching the Derwent. 

Such beds are therefore wedge-shaped ----- 

and cases sometimes occur where, by attenuation in all 
directions from the centre, they become lenticular. See 
pi. i. fig. 1 . for these and other appearances. 

The strata, therefore, are not all coextensive. Lime- Interposed 
stones are probably the most persistent and regular, »tratu. 
sandstones the most limited and local. Local or inter- 
posed beds cause the principal differences between dis¬ 
tant portions of the same formation. «. 

The lias of England rests immediately upon red and 
bluish pmrly clays with white gypsum: at Luxemburg, 
they are separated by a thick sandstone. In the North 
of England, magnesian limestone, separates the coal 
from the upper red sandstone, but in other parts of the 
Island these two formations are in contact. Iq the 
breast of Inglcborougb, the limestone beds are aggre¬ 
gated into one vast mural precipice or scar; but as we 
proceed Northwards this mass opens to admit layers of 
sandstone, shale, and coal, which gradually increase 
under Urqpsfell, and swell out to a vast thickness in 
Northumberland, sous to contain several valuable scams 
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Gjw'oCT- of coal, thick rocks of sandstone, and abundance of shale, 
.7" *' between the horizontally separated beds of limestone. 

. The oolitic strata near Bath are composed of two 
portions, the upper or great oolite and the lower oolite, 
and between them is a series of calcareous and argil¬ 
laceous beds called fullers’earth beds, sometimes 150 
feet thick. As we proceed Northward into Lincoln¬ 
shire, the fullers’ earth beds arc excluded from the 
series; still further North the whole series is changed; 
so that in Yorkshire it includes thick layers of sand¬ 
stone, shale, and coal. On a first view the districts of 
Bath and Yorkshire are very unlike, but the contem¬ 
poraneity of their disposition is certain from the continu¬ 
ation of the same oolitic beds through both of them. 
'Thickness. The thickness of the Beds or strata vjiries exceedingly 
and seems to have reference to the rapidity, regularity, 
and continuity of. the deposition and the rate of drying 
or consolidation of the materials. 

The chalk rock is about 500 feet thick, and in all 
this great mass we can scarcely trace any decided beds; 
though the layers of flint at equal distances, (four to right 
feet,) and the difference of the organic remains at different 
depths, evidently prove a succession of stratified deposits. 

The great oolite near Bath is on the contrary divided 
into a certain number of beds, definite in quality. 
Laminae, thickness, and order of position. 

A certain stratified rock, therefore, is composed of one or 
more layers or strata, but Ihis.is by no. incans the last term 
of the analysis. Each bed is often composed of many 
lnminse which are sometimes parallel to the plane of the 
bed itself, and sometimes lie in it at different angles. 
Thus micaceous laminated sandstones, and in particular 
the best flagstones of the coni districts, arc composed of 
a multitude of thin layers parallel to the plane of the 
bed, and entirely covered by plates of mica which pro¬ 
bably cause the splitting of the stone. This appearance 
is very analogous to the laminated sand quietly leil by 
the successive floods of a river. 

But the coarser flagstones of the same coal districts 
are often composed of laminar, laid at various angles to 
the plane of the bed, and in consequence producing a 
rough, uneven, shatlcry surface, and a tendency to 
oblique fractures; thus, in pi. i. tig. 2. a represents the 
regular, and b the coarse, irregular flagstones.. 

Such appearances of oblique lamination are occasion¬ 
ally found in the modern sediment of agitated waters, 
both in the banks of rivers and on tile sea-shore. 

When these .oblique laminie extend through thick 
beds, they sometimes cagse a slight difficulty in deter¬ 
mining the dip of the strata, and are then callcd/Wse bed¬ 
ding. Some of the coarse upper -beds of the great 
oolite of Bulb', Gloucestershire, Northamptonshire, end 
Lincolnshire, as well as of Normandy, are remarkable 
for this iirise bedding. 

But it is in .tlie course sandstones that wc sec the 
mast remarkable examples of this structure, us on the 
Scarborough coast and under Nottingham castle. 

The more violent the action of water, Ihe less regulat 
, is- the jntcrnal constitution of the layers found be¬ 
neath it’. -Let any one with this view compare the'effects 
of the tide beating upon the sand and pebbles of the 
Eastern coast, or the tumultuous prodnets of a maim tit in 
river, with the tranquil deposit and sediment on the allu¬ 
vial lands near Lynn nndneny pull. In the former cose, 
the materials are frequently found hiefiped together in 
laminto, variously and confusedly inclined to one ano¬ 
ther ; in the latter they are alTparaHcl ’to the horiion t 
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j nnt t to the general plane of the surface. The- former Geology, 
case' is exactly analogous to the false-bedding mentioned Uh. J. 
in a preceding section, so general in our suinlstone con¬ 
glomerates, and in shelly beds of oolite; the hitter is 
exactly like the regular -lamination of days and shales. 

Like effects flow from like causes, and thus we are 
enabled to frame very plausible conjectures concerning 
the condition of the waters Tinder which the several 
strata were accumulated. 

In the same way as u number of similar lamina- are General 
sometimes united into one bed of stone, so several simi- terms, 
lar beds of stone, are sometimes associated into one ruck, 
to which a specific name is applied, os the Ooi.u k, (he 
Lias Limestone, &c. 

. Sometimes several of these rocks aregrouped under the 
title formation, as the Bath Oolite Formation. Thus 
in the .Has limcstonc-beds, the lower bay clay, marl- 
stone-beds, and upper lias clay, ns'represented in pi. i. 
fig. 3. are all included in the Lias Formation, which 
rests upon the Run Sandstone Formation, and is 
covered by the Batii Oolite Formations.. 

The following Table exhibits n complete view of (be Series of 
whole series of British strata, grouped according to their British 
relative antiquity into three leading divisions, the Pri- s,rat “-i 
mary, Secondary, and Tertiary strata; it being under¬ 
stood that such divisions are chiefly odoplcd for conve¬ 
nience, as expressing with considerable accuracy certain 
general analogies of origin, composition, and organic 
contents, which prevail amongst the members of each 
division, but yet arc not to be considered as exclusively 
belonging to them. 

Two of these divisions are again subdivided upon 
exnctly the same principles into systems of strata, which 
are marked by certain recurrent rocks, striking analogies 
of composition, organic reliquim of similar types, and 
positions derived from convulsions of the same epoch. 

The systems are again usefully divided into formations ; 
these iuto their several component roeks; whose ultimate 
analysis gives the strata, beds, and lamina: of composition. 

The superficial accumulations of gravel, sand, peat, &c,, 
which are classed under the head of diluvial mid allu¬ 
vial deposits, are not included in this list of‘strata. 

For the sake.of the student to whom the mode of 
considering the sequence of rocks may not he familiar, 
the strata are here placed in the same order us they 
would be found on proceeding from the surface down- 
warti. This Table should bo compared with that of 
Mr. Smith, p. 633, and of Werner, p. 531. 

Tertiary Series op Strata, 
partly lacustrine, but principally marine, sandy, nml ar¬ 
gillaceous, and .with some calcareous deposits, abound¬ 
ing in shells imd other organic exuvia;, closely analo¬ 
gous to existing species. 

L'punl tMckwrwi 

Formation*. " of tfurrauliua. f Strnttflcd tiro aim* 

• reel. , 

1. Vpj-er maria* \. • Sandy ersg with shells. 

formation . J •••••*•••• J/oophytic limestone. 

Upper freshwater limestone 

2. Mnrinolaens- 1 jqq ., Intermediate murine Iwd. 

trine ..... | Lower freshwater limestono 

■ * ,. and' marls. 

. f LoOdwi galliot sand. 
el ‘y London cloy; 

3. Lowes marine 1 1000 or g '° ul ’‘ /p| ak tie clny, with coloured 

formation . J raw*. Plastic I , ttnd , >0 a lignites. 

cl ®X Shelly blue clays and sands. 

8 rou l'- Pebbly green suuds. 

4 a 2 
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Geology. 
Ch. 1. 


Secondary Series of Strata, 


tuual, but vatjuc cWificitioit t to distinguish this 
system into upper or fowiliferoui, ana lover, or 
.... - . • . . ... , , , . . noa-fossiUft'roU! elate* and limestone*. .... 

principally of marine origin, with rare anti local estuary Gneiig and mies , chist , y , telI1 , including mica .chut, chlonte 
deposits; consisting of repeated alternations of lime- wchiut, hornblende eehiet, quart* rock, primary 

stone, flint, sandstone, sand, clay, iron ores, coals, salt, - limeutono, gneiaa, &c. 

&c., with organic remains generally verv distinct from Granitic rock*, which are not stratified, usually form the basis of 

• k the strata, and »ru frequently but not by any mean* universally fol- 
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Ch. 1. 


existing forms of anirtials and plants. 

Crekttiom System. 


Forzaattun. 


Thick km*. 
Feet. 


SimliSed Groups. 


4. Chalk..;.... COO 


b. 


I Upper .oft rhnlk with flints. 

I Muldte harder chalk., 

■' 1 Lower marly chalk, 
tiled chalk. 

■ Green and gray lands • 

Green sand... 000 . I Gault day. 

llron .and or lower green sand, 

* Oolitic System. 

. ■ Weald day and Sussex marble. 
.. < ItastingN’sand. and limestones. 
I Purlieck limestones and cUys. 

■ Portland oulito and other lime* 


6. Wealden . 


7, Upper oolite . 400 




8. Middle oolite 


9, Lower oolite.. 






oolite 

group. 

Oxford 

clay 

group. 


10. Lias. 


.tones. 

1 Kiramerklge day. 

{Coralline ■ Upper calcareous grit. 

; CuTollin'e oolite. 

I Lower calcareous grit. 

■ Oxford clay. ’ 

1 Kelloway calcareous grit rock; 
IClay. 

Cornbrash limestone, , 
Forest marble and sands. 

Great oolite. 

Follow' earth, rock, and clays. 
Inferior oolite. 

Ferruginous sand. ' 

Upper lias clay, or shale. 
Marlatone beds, sandy and cat* 
caseous. 

* Lower lias clay, or abate. 

Lias liinestune. 

• Dark marls. 


U 


(gated "I / 

•tone. I | 

tot, ( V 

heart.) ' l 


Variegated 
sandstone. 
{Pacihte, 
.Oonyheare.) 


12. Magnesian 1 
limestone J' 


13. Coat 


14. Mountain 
limestone 


I). Old red 
sandstone 


Saliferous System. 

Variegated maria; gypsum, and 
salt. 

Red and white sandstone. 

Red sandstone conglomerate. 
Red aud white marls. 
Laminated limestone. 
Gypseous red and white marls. 
Magnesian limestone. 

Marl slate. 

.Kothctodtdiegende. 

Carhonifcrou, System. 

I Alternating. 

Sandstones. 

Shales. 

Coals. 

Ironstones, Ac, resting on 
Millstone grit. 

' (Alternating. 

I Limestones. 

....... < Shales. 

| Gritstones. 

I Seams of coaL 
.Conglomerates. 

J Flagstones. 

\ Rod and whits marls. 


Primary Strata, 

containing organic remains, mostly of extinct tribes, and 


only in the upper part of the scries. 

State system, including many great divisions which eventually 
may be classed in' fbrtn0ons, according to their 
. organic remains and’Asads of limestone, ■ It is • 


lowed by the gneiss and mica slate system. 

Disturbed Stratification. 

All strata, says Cuvier,- in his admirable “ Discourse strata ori- 
on the Revolutions of the Globe,” must necessarily have pnally 
been formed horizontal ; and this opinion, founded upon ,tv * 1 
the admission that rocks composed of regular layers, 
containing rounded pebbles, and- organic remains of 
watery animals, can only have been formed under water, 
is supported by observation. For not,' only do we see at 
the present day the deposits of water arranged in planes 
nearly or exactly horizontal, but we also find the ancient 
strata of the Earth, where undisturbed by convulsions, 
very nearly level. In consequence of these-dislurbanccs 
the strata are seldom found to be perfectly horizontal, 
but are often inclined at high angles, and in a few in¬ 
stances stand directly vertical. Their planes are gene¬ 
rally continuous over large spaces, but they are some¬ 
times broken and dislocated by faults or dykes. - It is 
now generally admitted that the usual horizontal dispo¬ 
sition of the strata is derived from the action of the 
supernatant wafers which accumulated them ; and that 
the irregular declinations and fractures which we some¬ 
times behold,' arc the effects of subterranean convulsions, 
chiefly occasioned by internal expansion. The truth of 
these opinions will appear from a few plain considera¬ 
tions. • . *• 

Earthy matter deposited from water by tranquil sub- Suhsc 
sidence, as clay and limestone, or accumulated during qnentty di* 
periods of moderate agitation, as sand and sandstone, turbed. 
must in general be accumulated into layers or strata, 
proportioned to the intervals of deposition; and these 
layers, in consequence of the fluctuation of the water arid 
the influence of gravitation, will especially tend to be 
horizontal. Nevertheless they must, in a considerable 
degree, accommodate themselves to the surface on which 
they are deposited. If the bottom be level, so will be 
the deposit; if sloping, the deposit will be inclined; but 
if there be a perpendicular subaqueous cliff, no deposit 
can fall upon its face, nor any transported materials be 
accumulated parallel to it. Ab originally perpendicular 
layer or deposit of earthy materials is obviously im¬ 
possible. Whenever, therefore, we behold 1 vertical 
strata, we may be quite sure that- they were not depo¬ 
sited in that form, but hove been displaced by some in¬ 
ternal movements of the Earth. Abundance of in- Vertical 
stances of this remarkable position of strata may be strata, 
quoted in almost any .part of the World. The Isle of 
Wight gives ns a magnificent aeries of strata 1100 feet 
in thickness, reared into an absolutely .vertical position; 
and this .effect is the more remarkable, because the' >_ 
materials uplifted consist of many strata of loose sands 
. and pebbles which most certainly have been deposited 
level. In the Western borders of Yorkshire, vertical 
strata of limestone range for miles parallel to the edge 
of the Pennine chain, and turn Eastward-through . 
Craven, below Ingleborough and Penygant to Settle. 
Magnificent examples of vertical strata are familiar to 
’those who have visited' the clifFs of Savoy, or who have 
perused the graphic descriptions of Saussure. - 
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Contorted 

strata. 


Faults. . 


Relative 
ng« of the 
dislocation. 


There are some remarkable instances Of contorted or the abruptness of the dislocations. Therefore the Ceotooy. 
stratification very difficult to be explained without sup- convulsions by which these effects wcie occasioned, Imp- LI> 1 _ t 
posing Ibe strata to have bcett soft at the time of the pened after the deposit of the coal seams, and before “ 

flexure.' Not to dwell on inferior examples, we shall the deposit of the red marl. 

quote the magnificent phenomena of this kind which At Aberford in Yorkshire, and at many other points 
are seen in the valleys of Chamouni and Lauterbrun, along the line of the magnesian limestone between Nol¬ 
and, along the shores of the Lake of Lucerne, hear ' tingham and Sunderland, similar examples occur. 

Fluellen; The stratified limestones of these localities • In such cases the discordance of inclination between 
are bent into such extraordinary rctroflexions, as fo Im- the superior and inferior strata is expressed by the term 
ply repeated operations of the most violent Mechanical vnconformily, and the rock is said to lie unconfortn- 
agency, in different directions; and observations along ably upon the lower. 

the range of the Alps prove that the whole of this chain By pursuing this investigation in different situations, Principal 
has been the theatre of enormous and reiterated con- we find that these internal movements or convulsions epoch-, uf 
cussions. (pi. i. fig. 4.) , happened ait intervals during the whole period of lime c ' mvus,# “' 

. But the most remarkable case of disturbance is when occupied in the deposition of the strata. The most pro¬ 
strate, either horizontal or inclined, are .broken, so that on valent and remarkable cases of dislocation and uucon- 
one side of the line of fracture the rocks are much higher fortuity are however observable: 1 . immediately after the 
than on the other. Tim difference of level some- deposition of the slalc series; {Transition eertes ol^Wer- 
tiincs amounts to 100 or even 200 yards. The sueftes- ner;) 2. after the accumulation of the coal system; 3. 
sion of strata is on each side thesame, their thickness and after the deposition of the oolitic rocks ; 4. after the tie- 
qualities nre the same, and it 6 cems impossible to doubt position of the chalk ; and 5thly, one of the most 
that they were once connected in continuous planes and recent probably .of all, after the completion of almost ail 
have been forcibly and violently broken asunder. ' the formations above the chalk. .It is not to be snp- 

T{ie plane of separation between the eltvated and de- pored that all even of these principal cases of disloca- 
pressed portions of the strata is sometimes vertical, but tion can be recognised in every Country; on the con* 
generally sloping a little. In this case a peculiar trary, the subterranean forces appear frequently to have 
general relation is observed between the inclination of Shifted their points of action. 

this plane and the eifectofthe dislocation. In the dia- We shall have occasion to show, while speaking of the 
grain, (pi, i. fig. 5.) for instance, the plane of separation, sz, organic remains, that there is sometimes observed a 
slopes under the depressed, and over the elevated portions singular harmony between these periods of extraordi- 
of the disrupted strata, making the alternate outer angles nary internal disturbance nnd the several epochas when 
zsb, s's'b'acute. In more than a hundred examples the different races of animals and plants came into 
of such dislocations which have come under the notice of existence; and it is not unreasonable to suppose, that in 
the writeroflliisEssay, he nevA found an exccptioh tothis this manner it may be hereafter found possible to establish 
rule. A similar law is found to prevail very generally iu such a relation between, the internal and external condi- 
the crossing of nearly vertical mineral veins; far instance, tion of the Earth, as to afford the greatest assistance 
(pi. i, fig. 6 .) a a are two portions of a metallic vein towards defining the agencies which have produced 
dislocated by another vein, b b. In this ease the relation chnnges so extensive and repeated in both, 
of .the line & & to the lines a a, is the same as that of At present, restricting ourselves to tiie phenomena of Proximity 
2 z to the lines a a, 6 6 , c c, &c. The contrary ap- elevation and disruption of the strata, we shall carry of moua* 
pearances, had they .occurred, would have been as our inductions one step further for the purpose of 
represented below ; and such occur in the mining dis- proving"what was before announced, viz. that these 
trictof Cornwall together with many other singular phe- disturbances were connected with the effects of internal 
nomena, apparently referable to subterranean disturbance, fires. 

perhaps complicated with other causes, hut which are We shall assume then that granitic, and basaltic or 
with difficulty reducible to any simple mode ot cxplaua- trappean nicks, and others exhibiting the same plteno- 
tion. menu, were crystallized from a state of igneous fusion, 

The line of dislocation is generally distinguished by and were, sometimes in a fluid and sometimes in a solid 
a fissure, which is filled by fragments of the heighbour- stntc, impelled upwards from the interior of the Earth, 
ing rocks, pr by basalt, and is then called a dyke ,• br by as analogous substances are now raised fluid through 
various sparry and metallic minerals, and isthen called volcanos, or lifted solid by earthquakes, 
a mineral vein. • > In proportion as vve approach the mountains where 

The irregular operations by which these disturbances the greatest violence was exerted to break up the strata, 
and dislocations were occasioned, seem to have hap* raise the granite, and inject the basaltic dykes, we find 
pened at various periods during the formation of the the dislocations inoroased iu uutnber and importance, 
strata. . We know, for instance, examples of horizontal and the confusion of the stratification more prevu- 
strata, as a 6 (pi. i. fig. 7.) resting upon highly in- lent. 

dined strata, x y z, which must have been forced into The central nucleus or axis of many mountain dis- 
their unnatural position before the deposit of the level tricts is a mass, or a series of masses of granite and 
strata upon them.. » oilier unstratified rocks, from which on all hands the 

Such a case occurs in Somersetshire, yrhere the coal strata nre found dipping at high angles, in such ca-.os 
measures lie at a steep slope Wqcath horizontal beds of there can be little room to doubt that the elevation of 
red marl. - These coal measures are also greatly broken the, mountain ranges- and the distuihance of the strain, 
by/aufti which in dome cases thrbwov elevatethe beds 6 n was occasioned by the same violence which uplifted the 
one side more than seventy fathoms above those on the granite. %c ph i- fig- 

other side. But the beds of red marl above are alto- The area of granite disclosed between the opposite 
‘gethA uninfluenced either by the steepness of the dip- slopes of slate, is indefinite, sometimes very large, 
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Gi'ninjjy. sometimes very small, sometimes it fa* entirely covered 
Ch. I. over by the slate, which it has uplifted, but not perforated. 
The general analogy in the composition of mountains, 
in the strata which surround them, and in the disloca¬ 
tions which abound in their vicinity, prove that one 
common cause, the force of subterranean fire, has pro¬ 
duced all the phenomenain question. 

Basaltic rocks frequently, perhaps generally, show 
themselves in situations removed from the granitic re¬ 
gions, on the flanks of mountains and in lower ground. 
In numerous instances, basalt fills up the fissure between 
the elevated and depressed portions of dislocated strata, 
aud as it cannot be doubled that such a fissure would 
soon have been filled up by other substances, it is 
clear that the melted basalt was injected nearly at the 
same time as the dislocation was produced ; that is, that 
both were local effects of violent internal heat. 

Analogy of So great a general analogy prevails between some 
inuierul mineral veins and basaltic dykes, that in almost all hypo- 
trao dykes, theses their origin has been assumed to be the same. 

Both in the same manlier divide the strata; in both the 
materials are crystalline, generally such os are not known 
to he producible from water, and arranged according to 
entirely different laws from those which regulate de¬ 
posits front water. It seems besides almost inconceiv¬ 
able that materials of such various Specific Gravity and 
Chemical affinities should be either soluble at once in 
water or capable of being introduced by this process at 
different times; on the contrary, all the circumstances 
agree in claiming for such mineral veins the same origin 
as basaltic dykes, the igneous origin oft which is sup¬ 
ported by the strongest possible arguments. We shall, 
however, discuss the history and origin of mineral teiuu 
more at large iu the Chapter oi>-Plutonic Products, and 
wc shall then uoticc a variety of phenomena concerning 
them which can with difficulty be explained in the pre- 
-■ sent state of our knowledge of Chemistry. That part 
of the history of mineral veina and metallic substances 
in general, which is inseparable from the consideration 
of the rocks in which they occur, will be treated of 
while sponking of the several strata in succession. 
Disruptions This elementary statement of the characteristic effects 
of strata, of subterranean convulsiona upon the preconsolidated 
a part of strata, must not be closed without noticing an important 
pl'm’onur- beneficial result of them upon the condition of mankind, 
riiitrial The frequent use of the terms convulsions, dislocations. 
Adaptations, and other such phrases in Geological Treatises, may, 
perhaps, lead the inattentive reader to imagine that 
Geologists are of opinion that the laminated crust of the 
Earth, which had been constructed witli so great harmony 
aiul order, was afterwards subjected to accidental injury, 
left to the violence of forces not contemplated in its 
formation, and the original plan of its fabric destroyed 
by unforeseen convulsions. How false a notion is this, 
arid how unjustly would Geologists be accused of<igno¬ 
rance in this respect! They know well that without 
the efliicts, which are called convulsions and disloca¬ 
tions, the plan of the terrestrial creation would have 
, been incomplete, the Earth not adapted, as it is, for 

the residence of men and the exercise of human 
i intellect, which in all this seeming confusion can dis- 

, cern the progress of an uninterrupted plan, and even 

trace special provisions in favour of mankind. Whether 
we regard the mere animal nature of Man, or cpnsider 
him with reference to those glorious endowments which 
lift him above the brute, and enable him to contemplate 
the past and anticipate the future, and thus to expand 


his intellectual existence through all periods and over all Gsoftoy. 
subjects, we shall find in the broken stratification of the v Ch.l. . 
Earth, the most remarkable attention to his Physical Y ~ 1_ 
and Mental constitution. 

How universal are the benefits which are conferred on Elevation 
Commerce and the Arts of life, by the variety of substances 
obtained from the Animal Kingdom, cannot require to be 
stated ; fur without this variety, neither Commerce uur 
the Arts of life could exist. Some feint idea, of the state 
of a Globe which did not -show this variety, may be 
conceived by viewing the condition of the saudy deserts 
of Africa, and abstracting from their solitary desolation the 
assistance rendered by more favourably situated Conn- - 
tries. Nowall that varjety of mineral products existing 
in the Earth, stored up in that inexhaustible repository to 
supply many regions through many national revolutions, 
would have been made in vain, and forever hidden from 
the eyes of men, hut for these very convulsions and dislo¬ 
cations in the strata. What else has raised our mountains, 
divided our seas, and given currents to-our rivers, and by 
so doing established upon the Globe those varieties of soil, 
local climate, and other conditions to which tire organic 
wonders of Creation are most evidently adopted ? W hat 
other means have been employed to produce the natural, 
harmonious, and mutually dependent relation of plants 
and-animals on the land, iu the streams, and iu the sea? 

Without these disruption?, the Earth'would still have 
been uniformly covered by shallow waters; or if some 
part rose above it, must have been a barren waste, or a 
monotonous surface on which the living wonders of 
Nature, according to tile actual plan-of Creation, could 
not have appeared. It is, therefore, evident, that 
as one of the means employed by the Creator in the 
accomplishment of his drorks, the agency concerned in 
producing the actual condition of the terraqueous sur¬ 
face, and thereby- regulating the leading phenomena of 
organic and inorganic Nature, is a fit object for the 
special study of Geologists. 

It is nqt only in the elevation of continents, the vary- Exhibition 
ing height of mountains, the division of the sea, and of . UBel f l1 
similar striking effects, that we see the utility of the com- Inmera K * 
bination of subterranean igneous with superficial aqueous 
agency.. Every coal-field in the known World proves 
distinctly the utility of even the minor dislocations,, 
which iu our imperfect language are called “ faults” in 
the strati The universal effect of these " faults” is to 
multiply the visible edges of the strata, by bringing 
them more frequently to the surface, in consequence of 
which there is, in the first place, the greater chance of 
discovering the materials of the Earth ; aud, secondly, 
the greater facility of working them. Other advantages 
of this kind will immediately suggest themselves to the 
attentive reader. 

But ail advantages to Commerce and the Arts of 
life «ink into nothing when compared with the effect 
which the Human Mind -experiences from contemplating 
the monuments of past conditions of the Globe, 
which the uplifting-of the bed of the'sea. and the 
dislocations of the strata, have brought to light. All 
Nature is a glorious book, Which men are incited to 
read, in order, to know and. communicate with its Author, 
a mirror in which the Almighty and the Infinite is 
faintly typified in the vast and the diversified; and in this 
respect, Geological monuments are distinct, impressive, 
and, in reference to the earlier epochs, unique. But, if 
we hive been conducted by long labours to some real 
knowledge of the internal constitution of the Cl lube, 
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and familiarized with thcconception of many revolutions 
of created Beings on its surface, in accordance with a long 
sequence of Mechanical and Chemical operations ; and 
if wc have thus extended the conviction of the unceasing 
care and comprehensive benevolence of the Divine Being 
to the most remote epoch which our limited intellect can 
reach; all this is owing, in a certain sense, to the 
convulsive movements originating below the crust of the 
Earth. Let it not, therefore, be supposed, that, because 
of the contracted scale of the Human Mind, which can 
see only in succession what to a greater Intelligence is 
contemporaneously evident, Geologists are obliged to 
speak of certain phenomena as accidents with reference 
to -others, which are connected therewith by ways un¬ 
known to us, that they are so blind as not to sec in all 
the diversified operations of Nature, the effects of One 
predisposing and directing Cause. 

Internal Structure of Rocks. 

All rocks, whether stratified or not, are naturally 
divided by fissures, passing in various directions, inde¬ 
pendent of the strata, into masses, which are of different 
form in dissimilar rocks, and are accompanied by circum¬ 
stances deserving more attention than has yet been lie- 
stowed upon them. The fissures or planes of parting 
between these masses are called joints. Most fre¬ 
quently their direction is nearly vertical to the planes of 
stratification, where such exist, and they divide the rock 
into cubical, rhomboidal, or prismatic portions, blocks, 
pillars, or columns. It is owing to their various direc¬ 
tion and frequency that different rocks assume such 
characteristic appearances, and may thus be often and 
readily distinguished when seen at a distance or shadowed 
in a drawing. 

Some rocks have very numerous, approximate, nnd 
closed joints, as shale, some kinds of slate, and lami¬ 
nated sandstones ; in others, as limestone, the joints are 
less frequent,- and more open. 

In coarse sandstones, they are very irtegular, so that 
quarries of this rock produce blocks of all sixes and- 
fornis. From this cause, coarse sandstone Tocks show 
themselves against the sea, in precipitous valleys, or on 
the brow of hills, in rude and romantic grandeur. The 
wild scenery of the Peak of Derbyshire, BrirahumCrags, 
and Ingleborough in Yorkshire, derives attractive fea¬ 
tures from the enormous blocks of millstone grit; and 
the magnificent rocks which stand upon the hills and 
overlook the Vale of Wye, are composed of a some¬ 
what similar material. 

In clay, vertical joints are numerous, but small and, 
confused, whereas in indurated shale they, are of extra¬ 
ordinary length, very straight, and parallel, dividing the 
rock into rhomboidal mosses. This may be well studied 
in the shale, which alternates with mountain limestone, 
at Aldstone Moor in Cumberland. Rhomboidal joints 
are frequent and very regular in coal. 

In limestone the vertical joints are generally regulur, 
and arranged in two sets, which cross at nearly equal 
distances, and split the beds into equal-sized cuboidjil 
blocks; and thus the mountain limestone is found to 
be divided into vast pillars, which range in long'per- 
pendicular scars down the mining dales of the North of 
England. 

In slate districts, the joints, more numerous and more 
regular perhaps than in any other {enowq 4 rock, have 
almost universally n tendency to intersect one another at 


acute and obtuse angles, and thus to dissect whole Urology, 
mountains into a multitude of angular solids, with * h. 1. 
rhomboidal or triangular faces, which strongly impress v—' 

upon the beholder the notion of an imperfect crystalli¬ 
zation, produced on these argillaceous rocks since their 
deposition and consolidation, by some agency, probably 
heat, capable of partially or wholly obliterating the 
Original marks of stratification. 

Vertical joints are frequent in granite, and appear to 
have definite directions. The trihedral and polyhedral 
vertical prisms of basalt, nnd some other igneous rocks, 
coupled with their regular transverse divisions, seem to 
give us the extreme effect of regularity in the division 
of rocks by the process of condensation, from the state 
of igneous or aqueous expansion. 

That contraction after partial consolidation of the Gemml 
mass is the general immediate cause of the numerous cause of 
fissures of rocks, may easily be proved by a variety ofi?’ 11 '* an< * 
facts observed in conglomerate rocks, where pebbles, ssurel ' 
and in others where organic remains arc split by the 
joints, but cannot surely require argument. According 
to the circumstances of the caso, this process has pro¬ 
duced in basalt, slate, and coal fissures so regular us to 
give to the rock, a largely crystalline structure, but left 
in sandstone mere irregular cracks. 

• From Mr. Gregory Watt's ex|K.-rimcnlson fused basalt, 
and some other notices by different authors, we know 
that a continued application of even moderate heat to a 
previously solidified body, may be sufficient to develops 
in it new arrangements of the panicles, new crystalline 
structures, new Chemical combinations, and to cause a 
real transfer of some of the ingredients from one part 
of the mass to another; from many independent facts 
it is inferred, as a matte; of certainty, that all the strata 
have locally, and the lower ones perhaps universally, 
sustained the action of considerable beat, since their first 
deposition : wo seem, therefore, to be possessed of the 
clue which is eventually to conduct us to a thorough 
knowledge of the cause of the different structures ob¬ 
servable in rocks independent of their stratification. 

But though heat be taken as the leading cause of 
these effects, it is by no means inconsistent to suppose • 
that some otiier independent agent, as, for example. 
Electricity, might be concerned in modifying the result. 

From all the recent discoveries in Electricity, it apjwars 
more and more certain, that this'universal agent is 
excited in every case of disturbance of the Chemical 
or Mechanical equilibrium of natural bodies, and it is 
especially, and very sensibly, excited by unequal distri¬ 
bution of heat. Professor Sedgwick's suggestion with 
reference to Mr. Fox's electro-magnetic experiments on 
the mineral veins of Cornwall, that Electricity was pro¬ 
bably concerned, in the original production of those veins 
along which it now circulates, may be justly extended 
to the joints of rocks; in the study of which the writer 
of these remarks bos found abundant reason to believe 
that the theory of the production of mineral veins is 
inseparable from that of the joints aud fissures, in some 
of which the metallic substances are deposited. 

Iu examining with attention a considerable surface of Junction of 
rock, it will be found that amongst the joints are some ti«»uns. 
more open, regular, and continuous than the others, 
which occasionally stop altogether the cross-joints, 
themselves ranging uninterruptedly for some' hundreds 
of yards, or even far greater distances. There may tic 
more than one such set of long joints, and, indeed, this 
is commonly the case, jet, generally, there is one set 
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f.-uini'y. more commanding than the others, more regular and 
(I;. 1. determined in is direction, more completely dividing 
the strata from top to bottom, even through very great 
thicknesses, and through several alternations of strata. 
For example, there is a peculiar character of joints in 
each of the priucipul strata of the mountain limestone 
series, limestone, sandstone,'shale, und also in’the sand¬ 
stones, shales, and coal of a. cool district, yet, throughout 
the whole of Yorkshire, all these rocks are divided by' 
the master-joint! passlag downward through them all 
in nearly the same direction North by West, and .South 
by East. • 'Ijhese master-joints, culled elines, backs, 
bind*, Sic. are perfectly well Known to the workmen, 
as well as some other very important yet less certain 
and continuous fissures passing nearly .East North-East 
and West South-West. It is according to such joints 
that the experienced collier arranges his workings, and 
the slater and qnariymai) conduct their excavations. 
Now surely nothing can be more certain than the Un¬ 


toward explaining many phenomena heretofore despaired Geology, 
of in Geology. Eh. 1. * 

Mineral Composition of-Strata, w-v-*-*- 

Water is both a Chemical and a Mechanical agent. 

Under different circumstances .at certain temperatures, 
by the help of other ingredients, as acids or alkalies, 
various mineral substances are dissolved in it. When, 
by evaporation, loss of heat, or a change in the compo¬ 
sition of the liquid, these substances' are no longer ca¬ 
pable of remaining in solution in it, they separate in a 
crystallized form, or fall down, and the sediment which 
they occasion is called a precipitate. 

By such processes lime, magnesia, and other earths 
and metallic oxides, are first dissolved in water, and 
afterwards separated from it. We find these processes, 
in the present order of Nature, chiefly concerned in pro¬ 
ducing calcareous marls and irregular accumulations of 
limestone, in lakes and in the course of certain streams 


ferenee, that some very general and long-continued 
agency, pervading at once I he whole inass of .these dis¬ 
similar and successively deposited strata,-was concerned 
in producing this remarkable constancy of direction in 
the fissures which divide them all. The utter deficiency 
of recorded observations prevents any further illustration 
of this important subject by reference to other districts, 
but it is obvious that a great principle in the construc¬ 
tion of the Earth is here indicated, which qtust even¬ 
tually have an important influence on Geological Theory. 

. fiutbc mean time we may remark, first, that these pre¬ 
valent directions of North by West and East North-East, 
arc those of the principal mineral veins and cross courses 
in the North of England, and that they are also admitted 
to be very prevalent in the Southern and Western mining 
Countries; secondly, that these directions are wholly un¬ 
influenced either by the declination of the strata, or by the 
numerous dislocations to which they are liable. Whatever 
lie the direction ofthe-dip, how frequent Soever the faults, 
the lines of the great joints arc the same. These,.lines 
are frequently the cause of particular courses in rivers, 
long scars on mountain sides, and subterranean chan¬ 
nels for water. Faults, und dykes, and mineral veins 
very frequently pass tdong them, and there is little doubt 
that the diligent study of them will he found to throw, 
a new light on some of the most mysterious phenomena 
of Geology. See pl.'i. fig. 0. 

In a recent Paper on the cleavages of granite in Corn¬ 
wall by Mr. Enys and ,Mr. Fox, these , cleavages are 
proved to follow certain lines of definite direction, like 
the well-knowu cleavages of slate. 

Local Though a little out of place, we cannot .forbear to. 

changes of add here a short notice of . facts known in Swisserlund, 
“ which distinctly prove one of (he effects of heat upon 
. comino „ argillaceous shales, to be the alteration of its . 
structure, so as to give a real vertical cleavage to a mass 
of horizontal lamina of clay, aa well ‘ as that induration 
which belongs to slate. The lias shales of the Alps 
arc so altered by proximity to the igneous rocks of that 
region, that in several places in and near the Valley of 
Chamouni, they are commonly mistaken by modern 
tourists for genuine slates of the primary system, and 
were always described as such by the older writers. 
How plainly does this teach us that the joints, cleavages, 
and Other peculiarities of tWeir structure, not produced 
in rocks by water, nor coeval with their deposition, have J 
been occasioned chiefly by the agency of subterranean 
heat. What powerful aid does this generalization give 


and at the mouths of some rivers. So in more ancient 
times, the most abundant Chemical deposit- from water 
was limestone. 

The Mechanical agency of wateris manifest at the pre¬ 
sent day in removing materials from otic place and accu¬ 
mulating them in another. Thus pebbles and sand and 
elay are transported.by the tides and by rivers, and ac¬ 
cumulated in low situations in regular layers, miniature 
representations of those thicker strata of the same ingre¬ 
dients, which compose the crust of the Earth. Anil as 
at the present day some materials are transported further 
'hy water than others, and consequently more rounded 
by attrition, so the materials of the interior strata are 
likewise more or less worn and rounded, in proportion 
to the distance they have travelled and the friction they 
have suffered. 

In many situations Chemical and Mechanical pro¬ 
ducts are'occasioned successively by the same waters, 
just as, in the older strata limestones and sandstones 
alternately prevail. We.see, therefore, that the an¬ 
cient deposits from water, which form layers several 
miles thick around a great part of the Globe, arc not 
essentially different, except in degree, from the lesser 
' deposits now formed beneath the tides from the sea and 
the streams from the land. 

The. Chemical stratified deposits are principally lime¬ 
stones, composed of carbonates offline and magnesia, and 
salt rocks characterised by muriate of soda. This is not 
the place to discuss points of Theory, andwestiall there¬ 
fore speculnle no further at present on the origin of these 
deposits than to say, that if by any means a large sup¬ 
ply of an alkaline carbonate, as carbonate of soda, for 
instance, was diffused through.the sea, the effect would 
be a precipitation of Carbonate of lime and carbonate of 
magnesia, which would he accumulated it}to strataupon 
the bed of the sea in thickness proportioned to the qnuu- 
tity of the muriates decomposed, while the supernatant 
liquid would be found highly charged with muriate of 
soda, or common salt. If the alkali were only locally 
diffused, the deposit would be contracted, if generally, 
the strata might be very extensive. 

The Mechanical deposits, or strata, composed of 
earthy materials, are distinguished by the coarseness or 
fineness of the ingredients and by the nature of these 
ingredients. _ .When the materials art of unequal fine¬ 
ness, and some of them axe large, rounded pieces, the 
rock is called a conglomerate; pieces not bo large con¬ 
stitute a sandstone, very fine particles clay. The foh 
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lowing scale will convey sotnc notion of the gradations 
of size in the ingredients of Mechanical deposits. 


K »»'• 

Mixture of clay and Band. Sandy clay. 

Sand with some day . Argillaceous sandstone. 

Smalt fragments of hard sill-1 „ . , , 

cions minerals.P“ n,) * ran,ljtonc - 

.Sandstone including pebbles ... Millstone grit. 

one^rclay T 4 ??. b . y . ‘'‘"^'Jtlonglomcrute, orpuddingstone. 

Pebbles disunited. (travel. 

Stony fragments reunited. llrercin. 


Considered with reference to the nature of the ingre¬ 
dients which compose them, Mechanical strata form 
another scale. 

Thus gneiss, one of the oldest of these strata, is a 
compound of tile, same ingredients as granite—quartz, 
felspar, and mica ; but these minerals, instead of being 
amalgamated (so to speak) together by crystallization, 
are accumulated in successive lamiux more or less 
regular. Gneiss, therefore, dillcrs from micaceous sand¬ 
stone much less than is commonly imagined, and often 
has no other permanent distinctive character, than that 
presented by the peculiarity of its composition. 

Sandstone is generally an aggregate of small frag¬ 
ments, or worn crystals, of quail/,, with or without any 
argillaceous, or calcareous, or irony cetneut in the inter¬ 
stices, with or without any mica in the partings. Koine- 
times it very evidently contains rolled and broken pieces 
of crystallized felspar, such as lills t tie Pyramids around 
Mont Plane, or the granite of I'umbna and Scotland. 
There is, therefore, every reason to conclude, that coarse 
sandstones like the millstone grit, as well ns gneiss, 
have been derived from the waste of ancient tracts of 
granite. 

Some beds of sandstone at Oban in Argylcsliire appear to 
have been formed iiom the granular fragments of disinte¬ 
grated greenstones. Sandstones sometimes extend over 
vast districts, and dining the whole range are charac¬ 
terised by some remarkable mineral ingredient; ns for 
instance, the green sand of England, France, and Svvis- 
serhmd, which is distinguished by the presence of a pe¬ 
culiar green mineral. (Glauconite.) 

Conglomerates, on the other hand, are generally con¬ 
stituted of fragments from the neighbouring mountains. 
Thus the red sandstone of the Vosges mountains con¬ 
tains quartz pebbles derived from the slate rocks of the 
vicinity; the old red conglomerate of England varies 
in its composition according- to its locality; that of 
Herefordshire contains much quartz, that of Cumber¬ 
land is filled with pebbles of slate. 

The whole series ol stratified rocks then consists of 
alternate deposits of limestone, sandstone, and clay, with 
few layers of coal, rock-salt, flint, iron ore, &c. The modes 
of alternation are different in different parts oflhe series, 
and in different situations. Thus what is called the 
transition limestone is enclosed between beds of slate, 
the carboniferous limestone alternates with sandstone 
and shale, the lias limestone lies in marly clays, the 
coralline oolite is enveloped in calcareous sandstone. 
Generally, (lie different strata are distinguishable by 
their miueralogical characters; but not always. When 
the circumstances of the deposit were nearly similar, 
ns in the accumulation of the carboniferous limestone 
and some of the oolites, the strata are remarkably 
alike ; and often particular beds of one rock are scarcely 
to be distinguished from beds of another rock. Thus 
vol. VI. 


some beds of lias are scarcely to be known tr.'in mimic (J.-i.Wy. 
calcareous layeis cmiuei-uM with the Path noble, while • *• 

other portions of the same nick strongly assimilate to tin- - 

carboniferous limestone. The old red sand-.tone ami 
the new red sandstone formations are very mueh a’lke ; 
it would be difficult, by mere iium-rnliigical methods to 
discriminate the clays vvhiili separate the oolites, and 
many sandstones of very dillcrcnl epochs are almost 
luidistinguishablc. Hence we may infer that nearly 
the whole scries of strata is the result of many repe¬ 
titions of similar Mechanical and Chemical agencies 
operated by the san.e waters. 

When sets of strata are in contact, as for instance \lt>m.itu-n 
limestone lying upon sandstone, it often happens dial "f 1 "- 1 ''- 
while the limestone above, and the sandstone below, 
are unmived with other matter, there is a middle set of 
beds composed of alternate layers of the sandstone and 
limestone. Thus let a Ik* the coralline oolite of England, 
and b calcareous sandstone beneath; the middle beds 
a'a" y l>" arc alternately oolite and sandstone. See 

pi. i. fig. J<>. 

in such a case, therefore, the two strata are said In 
exchange beds, or tube subject to e/lti i nation at their 
junction, and the phenomenon seems to have been occa¬ 
sioned by temporary cessations of the deposit of sand¬ 
stone during the commencement and progress ol the 
deposit of limestone. 

In other instances the two strata pass into one ano- r.r.ulatum 
Iher by imperceptible gradation; as for instance, the ofW<N. 
Oxford clay of the Yorkshire coast graduates into the 
calcareous grit above so completely, that the bluish 
colour of the crumbling shale below is sliudcd off with¬ 
out any hard line into the yellow solid beds of grit 
above. Sec pi. i. fig. 11. 

Ill either ease it seems quite evident that no con¬ 
siderable break or interval of time happened between 
the different contiguous deposits, one bed was no 
sooner formed than another was laid upon it; and by 
careful study of these phenomena it appears that, bed by- 
bed, and rock after rock, the whole series of strata even 
to miles in thickness were successively and aliiuet lime* 
inittingly accumulated, and buried the shells and other 
organic Beings, which were then living in the water, or 
drilled into it from the land; such are, tlierefme, the 
best witnesses of the lapse of time, and of the changing 
condition of the land and water during the deposition 
of the strata. 

Assuming limestones to be Chemical, and sandstones, J'ropor- 
clavs, See. to be Mechanical deposits, and putting lor <a 
the present out of consideration the oignnic leiniuiis, , ln || 
which so inuctf abound, especially in calcaieous strata, we c i,i 
shall be able by comparison of the thickness of the seve- dvin-jiis. 
ral rocks to present a tolerably accurate notion of the 
relative proportions of Chemical and Mechanical depo¬ 
sits. The greatest obstacles to accuracy exist amongst 
the primary strata, whose thickness is exceedingly un¬ 
certain, and indeed often hardly to be determined at nil. 

If we take our examples of these strata from the 
Island of Great Britain, it may, perhaps, lie found a 
sufficient approximation to the ratio now sought to say 
the Mechanical to the Chemical deposits ol water are: 

In the Primary Series, as. bl)0 : 1 

Carboniferous System. ... 1ft : 1 

Saliferous System. :> : 1 

Oolitic Sy-Mcm. 'I : I 

Cretaceous System. 2:1 

Tertiary System. 10 .- J 
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From this comparison it would appear that the 
ratio of Chemical to Mechanical strata is greatest 
amongst the secondary deposits, andj least amongst 
those of the primary periods; a circumstance on 
which depend principally the well-marked general cha¬ 
racters of ihc secondary series of- rocks. It should, be¬ 
sides, he observed, thut calcareous matter very finely 
divided exists in nearly all the sandstones and shales of 
that series, and sometimes so abundantly as to change, 
locally, lias shale into argillaceous limestone, and cal¬ 
careous grit into arenaceous limestone, or coarse oolite. 
In secondary strata, the great preponderance of lime¬ 
stones almost invariably attracts the attention and 
directs the classification, and thus it happens that while 
numerous layers of clay and sand pass nearly un¬ 
observed. or are merely noticed as interpolated beds, 
almost every calcareous bed lias its characteristic local 
name. The almost universal diffusion of calcareous 
matter through the mechanical strata of this large class, 
combined with the greater regularity and insistence of 
the limestones, generally impresses on the attentive 
observer a peculiar theoretical notion as to the cause, 
lie soon Icarus to consider the operations by which 
.sandstones and clays were accumulated as of short 
duration, arid intermitting action, like the periodical 
floods of a river, or some less regular inundations; 
while the production of limestone is regarded ns the 
result of one continuous and almost uninterrupted 
series of Chemical changes. This opinion, strengthened 
by the curious gradations between the calcareous and 
the sandy or argillaceous lamina*, and by the frequent 
alternation amongst ever, their thinnest portions, derives 
very plausible arguments from the distribution of or¬ 
ganic remains through the several strata. In some 
cases these teach us plainly that sandstones, even of 
great thickness, were the products of temporary and 
often of very local floods, which swept down from the 
laud the scattered spoils of the animals and plants then 
in existence ; but, tried by the same tests, the calcareous 
rocks appear to have been of slower and more equable 
production, in clearer and more tranquil waters. Is not 
this exactly in harmony with the present system of 
natural operations? 

Condition of Organic Remains. 

The fossil remains of ancient plants anil animals have 
been the theme of admiration for the learned and the 
vulgar in every Historical Age. The difficulty of under- 
0 standing how the shells of the sea and the plants of the 
land could be inclosed in hard rocks, in prodigious 
abundance and of exquisite beauty, led Plot and Ll wyd, 
and even partially Ruy and Lister, together with some 
continental writers of eminence, to adopt a most strange 
hypothesis. Plot advanced the extreuno absurdity that 
these beautiful monuments of the aucicnt condition of 
the Forth had in fact never been shells or plants, but 
were merely /units nainra, deceptive resemblances pro¬ 
duced by some plastic power in the interior of die Earth. 
Swift well ridicules this notion of lusu* natures in his 
Voyage to Brobdignag. 

This ridiculous fancy has long since become obsolete, 
anil the formed stones” dug out of the bowels of the 
Earth are now recognised as the original inhabitants 
of its primeval land and water. 

The differences of condition betweeu them and ana¬ 
logous living objects, the inode of their conservation, the 
manner of their distribution in the Earth, the relative 


periods of their existence and destruction, constitute a 
vast, lucid field of research, through which many aveuucs 
arc already traced toward the secret powers winch pre¬ 
sided over the formation of the Earth. 

TF.uitr.sruiA.i. Plants abound in certain strata, espe¬ 
cially in the coal districts, where the seams of coal are 
nothing but vast layers of vegetables swept down into 
estuaries or lakes, and there covered by saiul and clay, 
and changed by Cliemicul depositions. 

Zoophytes both stony anil flexible, many of them 
belonging to genera now in existence, fill our limestone 
rocks with their most delicate and beautiful organiza¬ 
tion ; with them he abundantly columns of crinoidal 
animals, and crusts and spines of echini. 

Moi.luscois Animals are now the most numerous 
of all the tribes of Beings which overspread the bed of 
the sea, and their shelly coverings are also the most 
abundant of ail the organic fossils. 

Of the Ahticulateo Animals, the most abundant 
remains are lobsters and crabs, and other Crustacea, 
analogous to existing types; besides trilobitcs and others 
to which nothing similar lias yet been found in the 
modem ocean. Fossil insects are very rare; and 
confined to almost a few comparatively recent deposits 
from fresh-water. 

No one acquainted with the structure of the in- 
vertebral Animals previously mentioned, can view their 
crusts, shells, and other hard appendages in the fos¬ 
sil state without being struck on the one hand with 
the wonderful perfection of all their minutest orga¬ 
nization, and on the other with the uniform and 
almost total absence of their soft parts. The bodies 
found “ petrified” in the rocks were originally durable. 
Similar substances are now capable of conservation in 
our cabinets: but the softer animal parts which they 
protected—the. muscles, the viscera, anil even the liga¬ 
ments—have almost uniformly disappeared. Hence it 
appears a just conclusion that the process of pctrifica- 
tiou, (he substitution of mineral for animal matter, was 
slow and gradual."* • 

The same result follows a similar examination of the 
fossil reliquiae of vertebral Animals. For though wc 
find in tolerable plenty the bones and teeth of fishes and 
reptiles, the skin and other softer parts arc usually defi¬ 
cient. Tile bones of birds ure excessively rare, and 
those of mammalia are mostly confined to the least an¬ 
cient of all the Neptunian deposits. 

in consequence of this decay of the softer parts, 
many of the hard parts of Animals are found disjointed 
and separate. Crusts of lobsters, bivalve shells, ver- 
, tebral columns, originally bound together .by perishable 
ligaments, arc very generally found in detached por¬ 
tions, precisely as happens to similar objects at the pre¬ 
sent day; and generally this is all (he injury they have 
sustained. The delicate shite, sharp spines, and other 
ornaments, are usually bo well preserved that uo one 
can believe that they were ever removed Air from their 
native haunts. They were, is fact, quietly buried oti 
the bed of the sea; living or dead, entire or decom¬ 
posed, just as such Beings ore found at the present day, 
when by any method the bed of the sea can be examined. 

And just as at the present day where currents run 
strongly in the sea, shells are worn by friction in the 


* Thr ligament of CarJium trvnratum is preserved in marlstirae 
at Rosebury awl Staitheu in Yorkshire, and impressions of the Arms 
"f Cep/ia.'njmta are fuund in the oolite of Franconia. 
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Sftn< ^ anc * by beating against one another, and trees 
' Ch * carried down by rivers are scattered i n fragments; so 
in certain of the old strata we find similar proofs of 
rapid currents from the land, and temporary turbulence 
in the primeval ocean. 

All the accidents of Imperfection and disunion of 
parts happened, of course, before the organic bodies were 
enveloped in the earthy deposits. 

Subsequent The changes by which they have been converted to 
chunges of petrifactions did not, probably, commence till after they 
tiun 1 " 091 ' Werc thus enclosed. 

These changes in the substance of the fossil reliquiie 
are different according to the original nature of these 
bodies, the kind of matter in which they are enveloped, 
and the other circumstances by which they were sur¬ 
rounded. 

Wc shall make some remarks on the conservation of 
the principal classes of organic fossils in the different 
kinds of matter. 

In plants. Dried vegetable substances may be considered as 
compounds of carbon, oxygen, and hydrogen, with 
small and variable proportions of other substances. 

Carbon. 40 to 55 per cent. 

Oxygen. 40 to 50 

Hydrogen .... about 0 

Of these ingredients the most volatile parts, viz., the 

oxygen and hydrogen, seem, in many cases, to have va¬ 
nished, but the carbon generally remains, and is either 
almost pure, as in some kinds of coal; mixed with 
bitumen, as in jet and most coals ; mixed with carbonnte 
of lime, as in the remains of coniferous wood in the lias 
ami oolite; or blended with (lint or pyrites in those and 
other strata. Generally, as might be expected, the vege¬ 
table substance is most completely disguised by earthy 
admixtures in porous strata, such as oolite or sandstone; 
and, on the other hand, the original carbonaceous 
skeleton of the plant is preserved with the least change 
in close, compact materials like clay, shale, or ironstone. 
This is strikingly exemplified in the coal-districts, where 
ferns and other plants which lie in the shales arc 
changed to bright inflammable coal, while the very 
same species in coarse gritstone are represented only by 
a brown, ferruginous stain. Coal is most evidently a 
product on a large scale, precisely identical with the 
thin filmy remains of ferns and reeds which accompany 
it. A vast mass of plants accumulated beneath the 
ancient sea, or in sea-like lakes, was covered up and 
buried by successive deposits of sand and clay, and 
under this heavy pressure, and hermetically sealed. 
Chemical decomposition went on, and a new Chemical 
product, coal, was elaborated; which, upon analysis, is 
found to contain the usual ingredients of vegetables, in 
proportions no otherwise different than was to be ex¬ 
pected from the loss of some of the more volatile parts. 

In this respect, coal exhibits many variations. That of 
Kilkenny, for instance, has only four per cent of volatile 
matter; Cannel coal has about fifty per cent.; the Kil¬ 
kenny coal contains ninety-two per cent of carbon, com¬ 
mon coal about seventy per cent, carbon, and thirty 
per cent, oxygen and hydrogen. 

In corals, The internal and external hard parts of invertcbral 
crusts’ animals, zoophytes, molluscs, and artieulossr, arc much 
allied in composition. They generally contain the same 
durable and the same perishable parts; carbonate of 
lime, alone or with a small admixture of phosphate of 
lime, gives them firmness, and the flexibility which some 
of them possess is derived from gelatine. 


The process of petrification consists in the loss and ftnolo 
replacement by a different substance of otic or other of Ch. 
these ingredients. The first degree‘of change which «✓ 

these fossils have experienced, is when the coralline or boss " f l 'o- 
ahcll retains not only its external figure and appearance, luur ' &c ' 
but even its internal texture, and almost all its original 
substance. Such specimens look as if obtained from 
the sea-shore in a dead state, with no other apparent 
loss than that of colour and brilliancy. This state of 
conservation may be said almost to characterise the or* 
ganic remains of the strata above the chalk. 

The next step in the process of petrification is illus- Loss nr 
trated by many shells which He in the gault and other 
clays ; they have lost their gelatinous portion, and are, 
in consequence, become light and friable, but have not 
received into their pores any extraneous earth. 

The third variation is occasioned by the gradual insinuation 
substitution of an extraneous substance, as flint or py- of new 
rites, into the pores left by the decay or waste of the matter- 
original body; thus the fibres of wood and sponge, ami 
the plates of corallines and shells, have been changed 
by little and little into a different substance, which often 
represents with most faithful accuracy the* minutest 
structure of the original. It is evident, therefore, that 
this great change was accomplished gradually, the new 
particles taking successively the place of those removed 
by decomposition. 

These processes of decomposition and substitution of Analogous, 
new ingredients, which probably commenced at the 
periods when the several fossils were imbedded in the r roceM * , » 
rocks, are to this day continued, ami often exhibited 
with remarkable energy. Those products of modern 
operations of Nature which go under the vague name of 
recent petrifactions are so various in their character, 
that a detailed study of them, in relation to their accom¬ 
panying circumstances, could not fail to furnish data 
for explaining some of the most remarkable stages in 
the process of mineralization, to which organic 
bodies have been exposed in the Earth. Iii proof of iliis, 
we shall content ourselves at present with putting in 
comparison u well-known peculiarity in the mode of 
conservation of certain fossils, and an instance of the 
same singularity in recent petrifactions. It. is often to 
be noticed that while the external cell of an aimimmlc, 
or the larger part of the spiral cavity of a melanin, is 
filled by the coarse matter of the enveloping rock, the 
closed chambers of the former, and the .smallest volu¬ 
tions of the latter, are filled with crystals of culcn icons 
spar. The well-closed shells of produetie, tercbiatuhe, 

&e. are often lined internally with calcareous spar, quartz, 
or even galena, while this never happens, perhaps, to 
shells whose valves did not fit very exactly. In fossil 
wood it happens very often that the external parts me 
merely jet or coal, while the central portions me 
changed to caibonule of lime ; aud, in general, all tnese 
examples appear to agree in proving that the inmcnil- . 
izing substance was transferred to its repository m ihe 
innermost cells and smallest pores by a kind of s< m- 
tion, quite through solid septa of shell, and considciiilile 
thickness of even dense stone. The recent |h-i riio<- 
tions of hazel-wood and nuts, from the alluvium ol 
Ferrybridge in Yorkshire, {l’hil. Mag. 18-2's,) prove 
that the same remarkable transfer ot particles thrm gli 
other substances, with the same elective attraction lor 
these particles possessed by the finest tcxtuies ami 
smallest cavities, accompany the ordinary modem aque¬ 
ous deposits of carbonate of lime. Jn the alluvium ol 
■1 c 2 
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this place, a certain part rtf a large collection of hazel- 
wood and tints was found mineralized hy a suhtcrianean 
spring from the- neighbouring limestone, and it was 
remarkable that the central woody core of a hazel- 
branch or root wj#i wholly converted to stone, while the 
bark and outer layers of wood were unchanged, the 
kernel of the nut was petrified within its brown unal¬ 
tered membrane, and the internal fibres of the shell 
within the still woody surfaces. 

The fourth condition is exemplified in limestone and 
sandstone rocks, from which the whole of the substance 
of shells, corals, &e., has been dissolved and carried 
away tty water. In consequence, n cavity is left in the 
rock bearing the impression of the exterior of the shell 
or coral, and in this cavity is a mould or cast of the 
interior. Thus the “ scrcwstoiies,” u.s they are called, have 
been cast or moulded in the cavities of criuoidal columns. 

The most extreme case of mineralization or petrifica¬ 
tion is produced hy a process in addition to that just de¬ 
scribed, when the cavity left by the removal of the shell 
or coral is again tilled up with crystals of calcareous spar, 
deposited by water filtrating through the stone. Some¬ 
times, only a lew crystals connect the inner mould or 
cast to the cxteiior impression, but generally, the whole 
cavity is filled hy the spar, which thus represents truly 
the shape of the original body, but displays no trace 
whatever of its internal texture. 

There is in general a certain accordance and relation 
between the condition of organic fossils, and the nature 
of the rock which incloses them. In the green sand 
almost all the shells are silirificd, in the oolitic nicks 
many are changed to calcareous spar, in the clays very 
slight changes have happened to any of tile organic 
remains. 

On the other band, the original nature of the organic 
substance lias very much influenced its inode of con¬ 
servation. Kchinidnl and criuoidal remains arc almost 
invariably converted to a peculiar kind of opaque, cal¬ 
careous spar, in whatever strata they occur; gryphaue 
and astra-as retain their lamina;, inocerami and belem- 
nile stheir fibres. 

We come now to the vertebral division of Animals. 
Their soft portions have perished, but their teeth, bones, 
and scales remain, either connected or separated in con¬ 
sequence of the decay of the ligaments, cartilages, &e. 

The hardening ingredient of bones is principally 
phosphate of lime, that of teeth is a mixture of phos¬ 
phate and carbonate of lime. It is generally the fact 
that their gelatinous or membranous portion lias been 
diminished, and their earthy admixture increased, by 
the subterranean Chemistry to which they have been 
Subjected, and, in consequence, their Specific Gravity is 
much augmented. 

Distribution of Organic Remain*. 

The researches of modern Naturalists have been sin¬ 
gularly successful ill bringing to light a vast number of 
new species or supposed original types of organization. 
The catalogues of living plants and Animals have been 
enormously lengthened in consequence of more rigorous 
investigations among the smaller tribes. In like man¬ 
ner the number of known organic fossils has been of late 
greatly augmented', tlmt in some departments 
thcWgjP'Iy equal, and, in others, exceed the living ranks 
of PflPfltion. In Great Britain alone, 1500 species of 
organic remains have been well described and figured; 


and it is probable that the numerous tribes of unde- 
scribed zoophyla, mollusca, crustacca, and plants, will 
swell (lie catalogue to 2500 species at least. Ail equal 
number of other kinds adorn the cabinets of Continental 
Europe. Generally speaking, the principal deficiencies 
in the catalogue of fossils, as compared with that of 
living- organic forms, arc found in the aerial and ter¬ 
restrial races. 

Insects, birds, land reptiles, and mammalia are. the 
rarest of fossils, Wc are, however, not to conclude 
that the ancient land was uninhabited by those tiihcs, 
because wc do not find their remains in the strata which 
were formed on the bed of the ancient sea. Such remains 
arc very rarely carried down and buried beneath modern 
lakes, mid therefore were much less likely to be entombed 
beneuth the.deposits of the ocean. 

In the following Table, M. Adolphe Brongniart com- Plants, 
pares the extinct flora of the Ancient World at four 
several periods with the vegetation which now covers 
the Earth. The general proportion is about 100 living 
plants to one fossil one. 


Premium lVuxiAnn* Tvoiwicme Qufltrii'mo Kpoqui* 
lYfiotk*. IVriodt'. lVriodv. IV runic. ActuoUe. 


1. A games... 

4 

5 

18 

13 

7.000 

‘2. Cryptogamcs 1 

celhiK'Uses J 

— 

— 

— 

2 

1.500 

3. Cryptogtimos | 

Vi\acula)re» J 


8 

31 

0 

1.700 

•t. Phancrogames 1 


5 

35 

20 

150 

gymnospermes j 




f». Phancro^aiiufs 1 
monocot y let tones J 

10 

5 

3 

25 ? 

8.000 

0. l'hauerogaines 1 
ilicotyU-Uoncs J 

«— 

— 

-- 

100 ? 

32.000 

lnd6tenuiui-*s 

0.1 

— 

— 

— 

— 


204 

23 

87 

Itil) 

50.350 


V —— 

— - -- - 


r .-> 
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The immense disproportion between the numbers of 
fossil and living vegetables will probably not justify the 
inference that in ancient periods only a few species of 
plants covered the surface of tiie Earth. Ouly a small 
proportion of the vegetable tribes now growing upon 
the Earth are swept down into the sea, comparatively 
hut a very trilling number would be carried there hy even 
the most violent floods, and therefore the few hundred 
species of fossil plants are probably oidy a very small 
selection from the numbers that really covered the 
Earth. Nevertheless these few relies may be reasonably 
supposed to-have been amongst the most abundant of 
the plants then in existence, and may be usefully em¬ 
ployed in characterising the several periods of deposi¬ 
tion. 

Tims it appears that in the most ancient of the four 
periods defined by M. Brongniart, ending before the 
deposit of magnesian limestone, the most abundant fossil 
plants belong to the vascular cryptogamic class, includ¬ 
ing the natnrd families, ferns, equisetacete, lycopo- 
diuccic, &c., that in the third period, which includes the 
oolitic and cretaceous rocks, cycadea: are especially nu¬ 
merous ; and in the fourth or tertiary period the more 
complicated dicotyledonous plants appear, and thus 
gradually *couduct us to the vegetation of the present 
day. 

Zoophytes, the first tribe of Animals to which vve shall Zoophytes, 
advert, arc almost entirely tnatine. The flexible coral¬ 
lines, which contain the smallest portions of earthy in¬ 
gredients, are but rarely seen fossil, but the stony corals 
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Gwrtogy. nnd the hard ochinodcrmala are exceedingly abundant 
* Ch. 1. . jn nearly all the secondary deposits 

^ The following Table, I'roin which Lamarck’s ciliated 
polypi are excluded, will convey a good general notion 
of the relative proportions of recent, and fossil zoophyte. 



Hi'smln'il 



British jmbvip* 

ilt'Kcri'nul 


Kit t ut. 

Tossil. 

L\ Litinarrk, 

Polypi, nude... 

. •> 

— 

18 

Ceiluliferous tlexildo .. 

. G7 


117 

stony ... 

. 21 

2G 

Gl 

Lamellated . 

8 

80 

184 

Cortieiiorous. 

12 

O 

182 

Curnuxu ... 

47 

25 

194 


155 

88 

G59 

The proportion of British species is as 2 

recent to 1 fossil. 

liadiatn Fistulida . 

. 11 

— 

41 

Stflleritla. 

l'J 

5 

7fi 

Kohinula .. 

9 

45 

88 

Crmoidea.. 

. 1 

27 

8 


40 

77 

211 


The proportion of British species is ns 1 recent to 2 fu.ssil. 


It has often been thought, that the remarkable con¬ 
trast in the proportions of the tbssil and recent zoophytes 
of IIritain might be explained by supposing that the 
ancient climate was butter than at present; that, in 
fart, the former productions of our Northern Seas were 
of a tropical character ; and this conjecture agrees with 
the deductions which may be drawn from similar compa¬ 
risons in the other tribes of Animals. lint the extreme 
raiity of flexible corallines is not confined to the strata 
of Britain, it is recognised over all Europe, and seems, 
•■t least, in purl, owing to their more perishable nature. 

The contrast is equally striking among the radiaria; 
and it is especially worthy of remark, that the numerous 
gh'Mp of erinnidca, so characteristic of the fossil races 
of a former World, belongs chiefly to the lower and more 
ancient members of the stratified rocks. 

Passing over the remarkable Animals included in 
Lamarck’s class tunicata, which appear to connect the 
zoophyla with the tnollnsca, and of which, being 
mostly perishable, no fossil species is yet recorded^ we 
arrive at the class of conchifera, or bivalve molluscous 
Animals. 

Conchifera. Shells are the most numerous of all the organic 
treasures buried in the strata; a circumstance which 
might naturally have been expected from their durable 
constitution, their vast abundance in the present system of 
Nature, and their aquatic existence. When a lake is 
drained we find great quantities of shells in life silt 
which has filled its bed, but the remains of lishes and 
insects, and even of plants, arc rarely met with. 


' Drwrihfvl Ile<N*ntS|u>f iei 
Btitisli Spocit's. described 
Recent. Fossil, by Lamarck. 



Lainellihranchia, 

.. 186 
.. 29 

396 

198 

800 

197 

Cimchifcra. 

Plagymyona . 

Mesomyona. 

Brachiopoda. 


Equivalvia.. 

> . • — 

4 

— 


Ineqnivalvia. 

... 5 

159 

15 



259 

G57 

1012 
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The first thing which strikes us on comparing the 
catalogues of British recent and fossil bivalves, is the 
greater absolute number of the extinct species. The 
proportion is at present three to one, and when the 
strata shull have been as thoroughly explored ns the 


snores, the number of our fossil conchifera w ill probably 
amount to a thousand, and be to the recent kinds as 
four to one. 

On more minute comparison, we learn that the most 
remarkable discrepancy in the proportions is found' in 
that singular tribe the bruchiopnda. of which above K>U 
fossil species are already described, while the recent 
kinds do not exceed five. I’eihaps tluse numbers on 
hot Insides will be changed by further iliscovciies. At 
least filly species of spiriferir, producin', and tcrelua- 
tulic remain to be described from the lower calcareous 
strata of England. 

We next arrive at the gasteropodous inollusca with ciu.iiru- 
simplc univalve shells. p>«l.i- 

These we shall arrange in groups according to tlici.- 
places of residence. 


Mai itie ..... 

Kstuaiy. 

Frexli water. 

Terrestrial. 


Pl'jrrihpil 

Hi'iTlllSptu ii’w 

ItllJisll S 

1'ivii-. 

tli .* nkftl 

It (•»•«•» l. 


*»> Lailiiirt'k. 

*210 

;:»8 

1 17 a 

— 

21 

22 

31 

■j:; 

;»o 

5J 

21 ? 

1*7-1 


291 .Hit i.see 

Considerable difficulty is experienced in retelling 
certain fossil shells to their respective recent analogues; 
and inconsequence it is veiy probable that many nt the 
species above, ranked us estuary and land shells, ilc n \o 
a different arrangement. This is paiiicuh r!y the cine 
With respect to the helices, licliciiuc, and nulatiia'. 

According to the ordinary notion of their loud, gn-- 
tcropuduiis niolliisea with shells may be ranked thus ; 

llli'lilt. Grili'ftil. 

Ki'i'viit. FowmI. Ri't'i'iil. 

Phyti|.ihaga.233 2l»3 78( i 

Zvophaga . C l 200 103f» 

We are not aware that there are any fossil slnlls of the (Vph.i'.o 
class of pteropodous inollusca, but the remains of the 1 «d.i. 
cephalopoda are inconceivably numerous, and f;vr - sir- 
pass the recent kinds in both variety and magnitude. 

Jlrilisli. 

KimviiL FlssiI. 

Cephalopoda. -tli Jl.'d 

The fossil cephalopoda belong for the most part to 
genera not yet discovered in a living state. 

The fossil species of vertebrated animals are compa¬ 
ratively very few, and 'some of them, especially fishes, 
not so perfectly characterised as to admit of much accu¬ 
racy in their arrangement. 

The following summary is chiefly taken from Mr. S. 
WcxMhvard’s Synoptical Table ■ 

Unlink fulftil. 

Fishes, Freshwater.] 


fishes, freshwater. I „,.\ 
Marine .... J ' I. 

'ltviitili's, burnt ...... I ,,, ( 

Aquatic ...J ZU J 


various strata. 


Birds.... G In 11 diluvium 7 ’ and alluvium. 

Mummalia .... 1 In Stonesfield slate. 

28 la diluvium, alluvium, &c. 

Considered ’according to their situations of life, the Hiiiish 
British organic remains present the following nsuits: fossil spe- 
In the strata. 


Terrestrial 

118 


i: 


Vegetables. U0 «m<l mure. 

Shells .21 t Alwtly very doubtful, 

1 KqrtilesU^eroductyli) I 

l M.mini.ilia. 1 

.. 6 or fi 


f Vcgi lubios . 
F.-esh water) SI| , 1U .. 

v Fishes .... 


jn p I The genus l nio require, 
' recuiisnter.ition. 


U f 


\ 
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4)50 


Ejtuarv 

•28 


Marine 
1130 


Shells .21 * 

Fishes.. 

Keytiles (Crocodile,) j 
Emys. Tunny x). I 

Vegetables. 3 or 4 

Zuophyta. 83 

KtuLinria . 77 

(Shells .000 

I Crustacea .30 

| Fishes . 18 

Uleplile*. 10 

In tuperjlnal tiZ/nvintn, r/i/ln'iunt, i\'C. cam, Sfc. 

Birds. 0 species. 

Mammalia '.. -0 

Such arc the numerical relations resulting from a 
comparison of the extinct British species of Animals and 
plants on the one hand, with the recent organic Beings 
of Britain, and universal living races of (lie Globe 
on the other. These relations would doubtless have 
been considerably modified, had we found it possible to 
introduce accurately all the European species of fossils. 
But this task, owing to (he still imperfect state of dis¬ 
covery on the subject, but iar more to the unhappy con¬ 
fusion of synonyms, is at present hardly practicable. 
However, not wholly to neglect so important a datum, 
we shall lake advantage of the information conveyed to 
vis by Bronguiart, Dcslmyes, (ioldfuss, .Daltnan, and 
other writers, to compile a numerical statement of the 
most remarkable and ascertained European fossils, and 
to put them in comparison with a corresponding estimate 
of the existing species. 

Thtnains of Animals. 


Nov of foesil Ratio. 


Species. 


Species. 

to 


F«t. 

12 


Geclsry. 

Cb.fc- 



In superficial 

Liking 


• 

amiinnlAtious 

estimated. 

Mammalia... 

35 

109 

1100 

(’et.icfa. 

8 


— 

BU.ls. 

few 

few 

5000 

Uuptiles ... ..... 

71 

— 

2Hi0 

Fikhvs . 

183 

_ 

5500 

Inserts .,... 

74 

— 

100000 

C'riisiiict'U .. 

1U4 

_ 

500 

Annnlo-ft .............. 

HU 


1000 

IVphalitjMjda . 

783 

— 

100 

Vlrrojjoila . 

5 

—. 

•50 ? 

(iasterupodii, Zoojiliu^a ,,, 

11)7 

— 

1700 

Ph)tip)iuga 

773 

— 

1400 

Ooiiclufera, Hrachiopoda , 

370 

— 

40 

Mesomyatiii . , 

515 

— 

350 

I’luLrymyoiui., 

1132 

— 

1400 

Timirnta ... 

__ 

__4. 

_ 

U.uli.tri.t . . . 

278 


inno 

Pol) juriu..., 

476 

— 

moo 


6027 

toy 

■122190 

Plants.. 

. 540 

— 

52000 


150 { 

%} 

1 

to 


60 

5 

1 

to 

12 

60 

125 

2 

to 

1 

80 

40 

1 

to 

2 

150 

36 

1 

to 

4 

40 

60 

3 

to 

2 

5 

37 

7 

to 

1 

200 

30 

1 

to 

G 

30 

82 

3 

to 

1 

500 

21 

1 

to 

24 

60 

91 

3 

to 

2 

850 

115 

1 

to 

7 

|i 

none 




215’ 

30 

1 

to 

7 

3000 

100? 

1 

to 

30 

2500 

200 ? 

1 

to 

12 

•> 

none 




6000 

20 

1 

to 300 


Fossil and 


Distribution of Organic llemains. 

The animal ami vegetable fossils are very unequally 
distributed. For while some rocks are .wholly filled 
with shells, others are absolutely devoid of them. Thus 
the'forest marble and coarse upper beds of Bath oolite 
are composed of little else than shells, while the sand¬ 
stones of a whole coal district may contain not one. This 
does not depend either on the absolute depth from the sur¬ 
face of tlve Earth, at which any rock may he found, nor 
yet upon its relative depth in the series of strata, but it 
is a circumstance established by experience, and of which 
some of the causes remaiu to be determined. The follow¬ 
ing Table exhibits the proportionate number of species of 
fossils in all the principal strata of the North of Eng¬ 
land, arranged according to their order of superposition. 


Thickness. 

Chalk. 503 

Quit of Spectrin.1 

Kimmcriilge clay .1 

Upper calc grit.. 

Coralline oolite .. 60 

Lower calc grit. 80 

Oxford clay. 150 

Kellowuy rock . 40 

Oorntirash. 

Upper cnrlximfernus series 

Forest marble slate. 

Bath oolite. 

Lower carboniferous series 

Lower oolite. 

Lias anil mudstone. 850 

New red sandstone .... 

Magnesian limestone.. 215 

Coal system ... 

Mountain limestone . .- 
Old red sandstone .... 

Slate system. GUU0 

Granitic rucks devoid of fossils. 

It is necessary to remark, that the proportions derived 
from the preceding Table would apply only in a general 
way to the same strata in the South of England, for 
there the number of organic remains in the chalk is, at 
least, triple of that in the Table, the thickness remain¬ 
ing the same, while the mountain limestone is consider¬ 
ably less rich in iossils. Still less is such u Table to be 
viewed as u representative of the results of researches on 
the Continent, for there the red sandstone formation con¬ 
tains a very large suite of organic remains, both vegetable 
and animal, while neither have yet been found in this 
rock in England. 

We shall now consider what are the kinds of fossils ^ 
which ure contained in these various strata: in other 
words, in what order of distribution the fossils are ar- pared, 
ranged in the Earth. 

A gTeat difference between the present system of 
Nature, and that of which the relics are preserved in 
the Kurtb, is obvious to any one who considers the re¬ 
lative proportions of the different classes of each. But 
the most decisive proof of the enormous changes which 
have happened in this respect is found by a minute com¬ 
parison of tlie families, genera, and species. For except 
in the superficial and comparatively modern accumula¬ 
tions from fiesh-wnter lakes, floods, or tides, and in tile 
most recent of all the si fat a, scarcely one specimen of 
all the thousands of existing kinds of plants or Animals 
is found buried in the Earth. 

'Die Earth contains the records of an ancient system 
of living Nature, which in its great outlines was calcu¬ 
lated much like that which we now see in operation; 
but of which all the details were different. Tile ancient 
sea nourished Sanrians, but they were not our croco¬ 
diles; fishes which are generally unlike the finny tribes 
of the existing era; innumerable shells planned on the 
same general principles, but executed to different pat¬ 
terns. The plants and the Animals of the ancient 
Continents performed the same relative functions as the 
vegetable and animal races of to-day, and formed purt ■ 
of a similar combination, but, as the circumstances of 
the Globe are now not the same as then, the forms and 
structures of its plants and its Animals are adapted to 
the difference. 

But it must he obvious that to view the whole mul- Suecestive 
titude of extinct Animals' and vcgel ablca as the products eraser fas- 
or one ancient era, to confound together all the various “bribes, 
different strata which were successively the beds of the 
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ancient seas, would be to destroy the meaning of all the 
mon ume nte which Nature has preserved of the long periods 
and successive developements through which our Planet 
passed before the completion of its present beautiful ar¬ 
rangement. Each stratum was successively the bed of 
the ancient oceans or lakes, and the remains with which it 
is filled were the creatures then living in the waters or 
growing on the land. Each stratum, therefore, belongs 
to a particular period; it is the museum ^r repository in 
which Nature has preserved the plants and Animals of 
that period ; and the Geologist, no longer confined to the 
mere comparison of recent and extinct species, finds in 
the Earth the proofs of many successive creations and 
abstractions of life, many systems of Nature; and by 
strict analogy and ample induction looks back through 
a long vista of revolutions, till the view is lost in tne 
dimness and distance which hide the remote epoch, of 
which no evidence remains to show that the Earth was 
then inhabited by living creatures. 

The organic monuments of ancient Nature are either 
of marine, of fresh water, or of terrestrial origin. The 
corals, and by far the greater number of shells, are 
marine, certain strata arc filled with lacustrine reliquite, 
and others with the spoils of the land. 

There, is in general the most remarkable and con¬ 
stant distinction and contrast between the rocks which 
are filled by marine remains, and those which enclose 
terrestrial productions. Calcareous strata generally are 
the most richly filled with the spoils of the sea, zoo- 
phytic, molluscous, aud vertebrated Animals ; but they 
rarely contain terrestrial plants. Sandstones and shales, 
on the other hand, arc almost the exclusive repositories 
of terrestrial plants, but, unless they are calcareous, they 
more rarely contain marine exuviic. The reason seems to 
be that the calcareous strata were deposited slowly and in 
tranquillity beneath the waters of the sea, and thus en¬ 
veloped the dead and decaying animals of the ocean ; 
while, on the other hand, the sandstones and shales were 
more rapidly aggregated, in water too agitated to favour 
the accumulation of marine reliquiae. When We find in 
them few or no traces of land plants, we may perhaps 
presume that the currents to which they, may owe 
their origin were marine, but when they are charged 
with ferns, equiseta, and other terrestrial plants, it 
seems evident that violent land-floods contributed to their 
accumulation. 

The deposition of limestone by Chemical precipitation, 
would probably happen over a large portion of the bed 
of tHe sen, and be abundant in proportion to the depth 
of the water: hence the strata of limestone would thicken 
toward the centre of the oceanic basin. They would 
also be more condensed, and of more uniform texture, 
and perhaps of purer composition, in that direction ; and 
since, from accurate observations of the habits of recent 
marine Animals, it appears that they do not multiply so 
much in the darkness of very deep waters as nearer the 
shore, we may conclude that fewer marine shells and 
corals, Ac. should be found near the central points of 
the basins of strata. 

How remarkably all these conditions agree in the 
limestones of the Alps, which appear to have been up¬ 
lifted from very deepwater, needs only to be mentioned. 
There, the rocks corresponding to our oolite, are vastly 
thicker, more dense, and incomparably poorer in shells, 
than the same strata toward the borders of the European 
basin. And if, in proceeding through France to the 
Alps, we stop to consider the Jam, we shall find its 


551 

oolites, in respect of thickness and hardness, and quantity Geology, 
of shells of an intermediate character. C h. F. 

On the other hand, sandstones and clays, being Me- ^ 111 ■' 
chanical deposits from agitated water, should of course litoral il<j 
most abundant along the ninr^ius of tbo ancient l H,s ^sof 
sea, and at the mouths of anciuut rivers, where the k *" , ' s,,,n0 
strongest movement of llie waters happened. They ‘ VC ‘ 
are essentially littoral formations, and should be found 
thickest, and most numerous, ami most varied in cha¬ 
racter, toward the borders of the basin, where the lime¬ 
stones nre the thinnest. And as the forces of tides and 
currents, however powerful, are irregular and limited, 
the Mechanical aggregates which they occasion must tie, 
and in general are, more confined and irregular than the 
wide Chemical deposits of the deep sea. 

This supposition likewise agrees perfectly with what 
we observe in comparing the oolitic system of the Jura 
and the Alps with that of Northern France and England ; 
for the clays and varied sandstones winch divcr-ily this 
system in the latter Countries, and separate it into many 
distinct groups, are scarcely to be traced in the Alps or 
the Jura. 

Another case in point is furnished by the carboni¬ 
ferous limestone series of England. This limestone in 
the South of England is so-little divided by Mechanical 
strata, that in the Meitdip Hills, near Bristol, ami 
around the Forest of Dean, it is commonly supposed to 
be one thick rock. 

In the North of England it is much and evidently 
divided, and the number and thickness of the partings 
of shale and sandstone, and coal, increases continually 
Northwards,while the total thickness of the limestone beds 
grows less and less. At the same time the organic re¬ 
mains seem to become, if not more numerous, (a point us 
y ct difficult to be determined,)ccrt:iinly more varied inform. 

The oolitic system of England presents us with an¬ 
other valuable illustration of the same doctrines. 

The oolites of Somersetshire, Gloucestershire, and Lin¬ 
colnshire form a long range of hills, and are only, and 
that not universally, divided by partings of clay and 
marly limestone. But as we advance into Yorkshire we 
find these spaces augment, and the widening intervals 
filled up by thick deposits of sandstone, shale, plants, 
and coal, which predominate so much in the section as 
almost to obliterate the separated, attenuated, and de¬ 
teriorated limestones. These, however, are filled even 
more than usually with marine exuviic. 

The concretionary or oolitic structure is, perhaps, 
more decided and constant toward the borders of the 
strata. It becomes irregular, and at length tails in pro¬ 
portion as the limestone is mixed with earthy impurities. 

At the extreme Northern range of the degraded oolitic 
system in Sutherland this structure is nearly lost; it is 
irregular in the impure limestones of Yorkshire, be¬ 
comes perfect in the homogeneous strata of Gloucester¬ 
shire and Somersetshire, assumes more compactness in 
the Jura, and changes to dense limestone in ihc Alps. 

This is exactly what, d priori, would be expected to 
happen. Amidst the turbulence and admixture of the 
littoral deposits, a process so similar to crystallization 
could happen butseldom and unequally, there would lie 
a point at a certain distance from the shore at which the 
disturbance would prevent regulur crystallization uml 
yet would permit of concretion through the calcareous 
sediment, and still further the limestone would be more 
compact and subcrystalline. 

Coarse conglomerates, for similar reasons, would be 
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most abundant toward the shores and more local than 
the finer sandstones and clays; which also would he 
most likely to contain the remains of plants, us these 
might lie long suspended in the unsettled water, and 
be transported along with the finer matter. 

The distinction here insisted on between conch ife- 
rotiurncl phytiferous roclc.i, is so important, that we must, 
in spanking of the distribution of organic remains in (lie 
Earth, consider them apart; and while from the former 
we deduce the ancient condition of the sen at several* 
epochs, the latter will furnish ns with analogous data 
from which to reason on the state of the contempo¬ 
raneous dry land. 

We shall eoiiinunee with the Marine Fossils, and 
investigate the manner of their distribution under two 
general heads: 1st, their irlaiioii to the Chemical and 
Miueralogical composition of the strata: 2dly, to their 
relative anlitpiity. 

It' the marine fossils are distributed in the rocks 
according - to their Chemical nature, wc shall find that 
similar locks contain similar fossils. This is certainly 
the ease with respect to tile zoophvlie animals, for these 
are nliiio-ff confined to (he calcareous stiata. (.’orals, 
and vaiious Animals of the class rudiaru, abound in 
the transition limestone, carboniferous limestone, oolites, 
and chalk. 

The remarkable hracldopodous^ bivalves, an ,spirt- 
fera, produeta, peiitamerus, terehratula, are also by far 
most abundant in the calcareous rocks. Gryphtese 
ami smooth oysteis ate found in the argillaceous strata 1 , 
of the South of England, from the lias upwards to the 
chalk. ' ’• 

’flic 01 ganic remains of the different limestones of the 
oolitic Ibrniaiiou.s have very remarkable general ana¬ 
logies. Thus the inferior oolite and the coralline oolite, 
the fuller's earth rock, and the cortibrash, hold very many 
e'.nsely analogous species. Hut it must lie remembered 
that the distinctions of the oolitic system in England 
aie in some degree local, and probably dependent on the 
httor.d character of the deposits, and that in other parts 
all these subordinate strata coalesce together into one 
hardly divisible mass of oolitic limestone. The resem¬ 
blance of fossils in these strata may. therefore, rather 
be the result of their nearly contemporaneous existence, 
than ol the. mere similaiity of the Chemical composition 
of tile rock. 

These arc the most remarkable instances of the asso¬ 
ciation of certain organic forms with certain Chemical 
compounds ; they are important data to support the 
opinion that, generally, fossil remains lie near the 
places where the Animals perished. Upl it is evideut 
that these lew analogies by no means establish a general 
law. On the contrary, when wc proceed to consider in 
this point of view a large number of species, the resem¬ 
blance between the organic contents of one limestone 
and those of another of considerably different age, is 
wiry slight and shadowy. And as no other strata than 
the limestones exhibit it in a spiking degree, it is evi¬ 
dent that some other cause than the Chemical composi¬ 
tion of their repositories has regulated the inhumation 
of fossils. 

That cause is fhe subject of our ncxl examination, 
the relative antiquity of fhe strata. 

That a strict connection does really obtain bet ween 
the age ofn rock and the organic remains which it con¬ 
tains, is made evident by comparing a few well-ascer¬ 
tained facts. 


The mountain limestone of the North of England GeoUgy. 
contains, perhaps, 200 species of animal remains ; the Ch. I. 
lias Jib; mid the chalk 43. Now of all the 3!>8 species 
contained in flic mountain limestone, lias, and chalk, re¬ 
spectively, there is not one which is found in two of these 
rocks. Neil her of these strutneontuins a siugle fossil wliich 
is found in either of the others. Between the era of the 
formation of (he mountain limestone, and that of the 
lias, the whole animal population of the sea had been 
entirely change*! ; and a similar complete renewal took 
place before the chalk was deposited. And in the 
Southern parts of England the chalk is covered by other 
more recent strata filled with shells und other marine 
Animals, entirely different front all those which lived and 
died before. 

Fuillier investigation has demonstrated, that conclu- identical 
sions thus drawn from local researches apply with con- fossil* in 
sidcrable accuracy in other situations, even at great dis- rocks of tha 
tauees where the same strata occur. A catalogue of the Sttinc 
corals, crinoidul remains, products, spirifers, terebra- 
tula*, orthoceratitos, and trilolntcs, of the mountain 
limestone in Yorkshire, may he. employed for labelling 
the fossils collected from tile same rock at Ntuniii and 
Liege; the lias of Whitby contains many of the same 
ammonites, and the same Saurian skeletons as the con¬ 
temporaneous beds at Lyme, and in Westphaliu and 
Wirlcmberg; and the remarkable echini and belemnitcs 
of the English chalk accompany that rock through 
France and 1’oland to the shores of the Baltic. 

'■ The same observations have been made on the other 
conehiferous strata of England. Euch has been traced 
through the Island, and its organic treasures have been 
explored at every paint, and in tiiis manner satisfactory 
proof has been collected, that along its whole course the 
fossils which it contains are almost entirely the same. The 
researches of foreign Geologists have demonstrated the 
truth of this law for the greater portion of the European 
basin of strata. The figures and descriptions of the 
English fossils arc referred to hy the Geologists of 
France, Svvisserlued, and Germany, mid no doubt re¬ 
mains that each extended stratum is the repository of the 
Animals inhabiting the sea at a certain period in the 
Earth’s formation, exactly as the. earthy bed of (he pro- - 
sent sea now envelopes the remains of its present corals, 
shells, echini, and fishes. 

The general principle, therefore, which regulates the General 
distribution of organic remains in the Earth may be principle of 
thus expressed. They arc associated according to the ' im ‘th. 
periods at which they existed ; and they are enclosed in 
the rocks which were at those times deposited by the 
water. And as in ancient times, much more than at 
present, the animal remains over considerable breadths 
of the bed of the Northern Sea were nearly identical, 
strata of the same 'age contain generally the same 
fossils. 

Als i because the inhabitants of the ocean were, in the 
course of time, convpfe'tsly changed, the old races having 
been txi ingnished^ end new ones brought forward to 
occupy ilieu places, strata of different ages contain 
generally different fossils, , 

These important propositions form the groundwork 
of the history of the stratified rocks, arid must be ever 
present in the mind of the modern Geologist, l’ho 
honour of their discovery belongs to Mr. William 
Smith, mi engineer of eminence, who, being employed 
in 17!><). and the following years, in surviving collieries, 
ami planning and executing a canal in Somersetshire, 
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Mwilogy. established the English system of Geology upon the 
(.'h. I. following propositions. 

“ That the strata are laid upon one another in a certain 
definite order of succession or superposition, may be 
traced in continuity on the surface of the Earth, and nmy 
be discriminated when of different ages, and identified 
when ofthe same age,by their imbedded organic contents." 
Gradual By comparing a sufficient number of fossils from all 
changes in the several stiata with analogous living tribes, we dis- 
tiu- races of cove r that those fossils which more nearly resemble the 
;rr living kinds belong to the strata which were deposited at 
the least ancient period; as for example, the crag shells of 
Norfolk and Suffolk, the London-clay shells of Hampshire 
and Ilighgate, which are all more recent than the chalk. 

In these situations we find the families, genera, and 
even species of shells so similar to recent kinds ex¬ 
isting somewhere or other in the Ocean, that though 
they are often very different from the productions of our 
neighbouring seas, we not the less perceive that they 
belong to u system very like that now established. 

On the other hand, those fossils which present the 
least resemblance to their successors in the modern sys¬ 
tem of Nature, belong to the older, and especially the 
oldest of all the coneliiferous strata, i t is in the transition 
and carboniferous limestones that the singular brachid- 
podous bivalves, producia, spirifera, pentainerus, the 
remarkable genus orthocera, the zigzag ammonites, 
the still unexplained tribes of trilobites, the beautiful cri• 
noidea, chain corals, and favosites, compose a zoological 
suite, altogether unlike what now exists, a strange and 
antique order of beings adapted to the primeval deep. 

If we estimate the relative periods which intervened 
between the deposition of any given rocks by the 
variety and thickness of marine strata which sepa¬ 
rate them, we shall find that in proportion to the dis¬ 
tance of the strata from each other, in proportion to the 
difference of their ages, is the difference of their zoo¬ 
logical contents. Thus the fossils of the mountain 
limestone are more different from those of the lias than 
from those of the magnesian limestone. The lias fos¬ 
sils are wholly different from those in the chalk, but 
partially similar to those in the Bath oolites. 

M. !)i's- The principle that the difference of the forms of ancient 
lmjtV re* organic life from those of existing nature is directly 
M ' proportionate to the difference of the epochs of their exist¬ 
ence, has been put to a severe and curious test by one of 
the best couchologists of France, M. Deshayes. Passing 
over the primury and secondary rocks, in which no plant 
or auimal has yet been found identical with a living 
species, he analyzes the tertiary fossils according to their 
relative antiquity, and obtains the remarkable result, that 
the lowest and oldest of the tertiary stF&ta contain three 
and a quarter per cent, of species identical with living 
types; that a second and less ancient group of these strata 
holds eighteen per cent, of such analogues; a third more 
recent group forty-nine per cent -, and the most recent of 
all these deposits contains little else than modern species. 
When we recollect that all these strata are of a date pro¬ 
bably anterior to the creation of man and the present races 
of quadrupeds, the results of M. Deshayes^ investigation 
must be considered as highly valuable data towards 
forming a just notion ofthe great antiquity of the strati¬ 
fied rocks, the .long periods passed through in their 
production, and In the accompanying changes of organic 
life, the gradual nature of these changes, and the cor¬ 
respondence of the General System of Nature at all 
epochs, even amidst the greatest particular diversity. 

YOL. VI. 


Some fossils appear to have been in existence only Oc»locy. 
during the. deposit of one particular stratum, as fin- < -h. 1 
example, certain producin', spirifertc, trHobites. in the 
mountain limestone; axinus obscures, in the tnagm-Mim 
limestone ; ammonites Btieklamli, gryphwa inenrva, in S1 [ B- 
the lias; ammonites callusicensis in the Kcllouay rock ; 
hamites of many kinds in the Gault; anaueh) tea, spalangi, 
belemnites mucronatus,in the chalk; rostellnriu inacrop- 
trru in the London clay ; fit sits contmrms in the crag. 

These are said to be characteristic fossil) of the strata, 

and, in general, very great importance is justly attached 

to their recognition; but no Geologist should permit 

himself to trust to them exclusively, for they are not 

always and invariably present, and he may lie often 

culled upon to fix the date of a rock by the help of 

other witnesses. Many fossils are found in more than 

one rock, and the number of lhc.sc will probably be 

much iucreased by further inquiry. Thus in the South 

of England, plagiostonia giganlenm occurs in the 

lias and inferior oolite, terebratula intermedia belongs 

to the great oolitr and cornbrash, pectcii lens is found 

in the cornbrash, Kelloway, and coralline oolite, astneus 

rostrutus and sputungus ovalis range through the 

Kelloway rock, calcareous grit and coralline oolite , 

of Yorkshire; and myn literals appears in neatly the 

whole range of conchiterous strata from the murlstone to 

the coralline oolite inclusive. 

These facts entirely overChrow the notion favoured by 
some Geologists that each rock contains the relies of a 
distinct creation of animals. They prove, on the con¬ 
trary, that the changes were not sudden but gradual; 
and suggest the hope that hereafter, when the laws of 
the distribution and. transference of the existing marine 
races shall be better understood, and the history of the 
fossil species more complete, the phenomenon may l>c 
satisfactorily explained in accordance with the recognised 
laws of Nature, “ constant in her ceaseless change.” 

It is generally observed that where the series of strata Gradations 
is complete, they are softened as it were one into aim- «f deposits 
ther by an admixture or alternation of ingredients. Thus, 
for instance, in Somersetshire, the new red marl and 
lower lias clays arc' sometimos softened into one 
another; and in Yorkshire, the Kelloway ruck, Oxford 
clay, lower calcareous grit, coralline oolite, upper cal¬ 
careous grit,- and Kimmeridgc clay are so blended at 
their junctions us to render it difficult to draw any hard 
line of separation. In such cases it commonly happens 
that several fossils of the lower rock arc continued into 
the next above, and thus the zoological change is as 
gradual as the mineralogical one. On the contrary, 
when two strata are separated by a hnrd and decided 
line, as, for instance, the coralline oolite aiul Kiinmc- 
ridge clay near Oxford, we shaH generally be justified 
in suspecting that the lower stratum is imperfect, in 
consequence of the removal of its upper beds before the 
next stratum covered it. In this case the zoological 
contrast between the two rocks is as decided ns the 
mineralogical one,' and keeping in view the I.inmeau 
adage, Natura non facit satlus, wc should be on the 
look out for some intermediate beds in oilier places. 

Such are described near Weymouth, by Sedgwick; and in 
Yorkshire, have been named the upper calcareous grit. 

The chalk in England contrasts So entirely with the 
tertiary formations above, that we naturally expect to 
find in some other Country beds of intermediate charac¬ 
ter to connect them. These are found, at Mnestricht, 
where a sub-cretaceous, granular rock, intermediate in 
4 D 
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c;.'rt'v>'Tv- composition l>etwecn chalk and calcairc grassier, con- 
<’h. II. tains many fossils of the chalk, and several which 
strongly resemble those of the tertiary group. 

The researches of Sedgwick arid Murchison in the 
Eastern Alps, have brought to light the remarkable 
Gosau beds, which, by these Geologists, arc thought to 
lie of the same intermediate era. 

Probably more complete researches on this point will 
make, known a greater number of such intermediate 
strata, soften the contrasts between contiguous rocks, and 
fill up all the blanks in the harmonious system of gra¬ 
dually changing marine deposits, characterised by cor¬ 
responding transformations of marine exuviae. 

Terrestrial The remains of Tkrrksii-kial Animals embosomed 
animals j„ die Karth are very few, and those of plants bear so 
anu i> ants. j 1 , co „ s j ( | cra i,| c a proportion to the Flora of the present 
age of lire World, as to give us much less information 
concerning the ancient state of (he laud, than the marine 
extiviic afford of the former condition of the sea. 

Mill as far as they go they confirm in the most satis¬ 
factory manner the conclusions drawn from the consider¬ 
ation of marine remains, of the succession of systems of 
organic natuie. The plants which sometimes alternate 
with, and which overlie in immense variety and abundance 
the mountain limestone, are a group eminently distin¬ 
guishable from those which belong (o the oolitic coal 
beds. In the former deposit, lepidodendra, sigillarioc, 


stigmarifc; in the latter, cycadete and zamiic; and Oeolbgy. 
the plants of the strata above' the chalk are still of a W>. if. 
different type. 

It would, thus appear that the same systems of calca¬ 
reous rocks which contain the most remarkably different 
suites of zoological remains, likewise enclose in the alter¬ 
nating beds of sandstone and shale plants equally distinct. 

As amongst the marine, so amongst the terrestrial 
remains, those most decidedly unlike the modern produc¬ 
tions ol'Nature belong to the most ancient deposits. In 
the intermediate portion of strata the discrepance dimi¬ 
nishes, and in the most recent rocks, the plants strongly 
assimilate to the genera and even species which now 
cover the surface. 

We 'might 'here examine the conditions of the laud 
and sea as to climate during the several epochs of organic 
exislence, a subject of the greatest curiosity and in¬ 
terest, and for which an immense mass of materials is 
already collected; but this investigation requires the 
statement of details which cannot be here with propriety 
introduced. We must, therefore, postpone the discus¬ 
sion till wo come to treat of the strata and their con¬ 
tents in the order of their successive deposition. 

We shall then also enter into the history of the fresh¬ 
water formations which locally diversify the great mass 
of marine deposits, and contribute to elucidate the cha¬ 
racter of the ancient land and streams. 


CHAPTER II. 

DESCRIPTION OF T1IK SERIES OF AQUEOUS DEPOSITS WITH TIIEllt IMBEDDED OROANIC REMAINS. 


Series (if Aqueous Deposits. 

ttcneral IIavivo now stated general principles, useful alike to 
basis ot the Geologist who investigates in the field, and to the 

rocks mC student who reads in his closet, we proceed to describe 

tlic successive systems of aqueous deposits, beginning, 
with the lowest of all, vis. those which rest upon granite 
and other crystallized and unstratified socks. That 
there is such a basis of crystallized rocks beneath all the 
strata, ill all Countries, cutting off and limiting our ob¬ 
servations, and hiding whatever wonders are concealed 
below, is now universally admitted. The subjacent posi¬ 
tion of granite is so fully established by observation, 
that even when portions of it are clearly seen to be laid 
upon stratified rocks, no doubt is entertained of its 
having been in every ease ejected from its true source 
below all the strata. But the same observations, 
which so clearly establish this important law, as certainly 
overthrow the dogma, once held incontrovertible, that 
grauite is always the oldest of knowu rocks. They 
prove to n certainty that granite is of all ages, or, more 
iropcrly speaking, that its production has really no re- 
ation of age to the dejmsition of any particular set of 
aqueous strata; but that it has been produced by 
agencies entirely indejiendent of them, and only locally, 
and in one sense accidentally, brought into juxtn-position 
with them. This Interesting discovery, from which we 
learn that the production of granite below the stratified 
rocks has been continued, perhaps without intermission, 
during the whole period of- the accumulation of the 
strata, has greatly changed and improved our concep¬ 


tions of the whole system of Geology, and is probably 
destined to clear still more the horizon of this Science. 

Hut we must be careful not to be allured by this new 
light too far from those inferences concerning the 
age of granite which it so properly qualifies. It does 
not follow, because some granite is more recent th.-iu 
chalk, that therefore all granite is more recent than 
gneiss and mica slate. It' does not follow, because 
when in contact with granite veins gneiss may some¬ 
times assume perhaps more than even its usual granitoid 
aspect, that therefore granite is merely fused gneiss, 
that gneiss and slate are incipient granite, and that 
common sandstone may in time become gneiss. 

But it does follow, as a matter of high probability, 
independent of further observation', that because granite 
has been formed at several periods during the deposition 
of strata, by agencies excited far beneath and independent 
of them ; and because, in some instances fragments, amt 
universally the disintegrated ingredients of grauite, lie 
in the oldest strata, that the production of this rock was 
in progress before any of the strata were deposited; 
whether those strata now rest upon that old granite or 
have been forced by subsequent convulsions into contact 
with newer portions of the same kind of rock. 

Whatever theory on the original formation of granite 
we choose to adopt, it must be allowed that the igneous 
action to which it owes its birth preceded the aqueous, 
which accumulated the lowest strata now observable. 

This being admitted, two points of inquiry suggest Primary 
themselves with respect to the age of tlie strata which strata 
have been called primary. First, are those strata really 
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Geology. the altered deposits of one long? period of aqueous action 
Ch. II. prior to all the secondary and tertiary strata, or have 
V*^’ many repetitions of igneous action .primarued, to use 
Mr. Conybeare's remarkable expression, strata of all 
ages, secondary and tertiary, which happened to be the 
lowest at the points of action ? Secondly, may we be¬ 
lieve, as the title of primary seems to imply, that these 
are the oldest of all the strata, the first that were laid by 
water upon the consolidated igneous crust of the Globe ? 
That these questions should be put at all will probably 
appear very surprising to those who have drawn all tlioir 
notions on the subject from "books of some date, without 
attending to the rapid progress of geological opinions, 
mil to le On the first question we may remark, that it must be 
known only allowed that subterranean heat, operating chiefly by the 
characters 1 c j ect * on melted Plutonic rocks, has transformed to a 
’ certain degree and limited extent, strataof all ages which 
were exposed to this action, and thus made the liaB shale 
of Savoy, for example, approximate to the character of 
clay slate, In such cases, there can be no objection, we 
conceive, on the part of any Geologist to apply the 
same term to this change of the rock, which we may 
think fit to employ when treating of the analogous change 
presumed upon very good grounds to have affected in 
more ancient times the strata called primary. We may, 
therefore, adopt at once Mr. Lyell's term of melamor- 
phic, and designate by it all those parts of certain 
aqueous strata which have been transformed in structure, 
or appearance by subterranean heat applied since their 
deposition. All strata then may become melainor- 
pliic under given conditions, and may assume, locally, 
some of those appearances which belong,- perhaps uni¬ 
versally, to the primary strata ; but are wc, therefore, to 
deny the antiquity of these latter? or to group all such 
molamorphic strata together as of indefinite age, and 
merely characterised by proximity to igneous rocks? 
Surely nothing could be more in contradiction with the 
principle of classification of strata, the relative antiquity 
of their deposition. We cannot, therefore, agree to the 
term hypogene of Mr. Lyell as applied both to granite 
and the strata usually called primary. When applied 
to granite it is synonymous with, and may perhnps be 
preferred to Plutonic; when applied to stratified rucks 
its meaning is better conveyed by the term metamorphic, 
which we shall apply to those portions of all strata, with¬ 
out regard to their age, which arc in the altered condi¬ 
tion implied. 

but by their The true conclusion on the subject of the first inquiry 
position. then appears to be, that wc are not to assume strata to 
be of the primary age merely because they appear to 
hnvc undergone certain changes, analogous to those 
which gneiss nr clay slate have sustained ; but we must 
determine their age by the very same methods as we 
use in any other case of stratified rocks, viz. by exami¬ 
nation of their position relatively toother strata, their 
• organic remains, and their original mineral composi¬ 
tion and structure. Examined in this way, there can 
be no doubt, we conceive, that the use of the term pri¬ 
mary as applied to the gneiss, mica slate, and clay slate 
systems generally, defining them as a certain mass of 
strnta anterior to the secondary and tertiary rocks, is 
perfectly correct, because in all Countries where these 
rocks occur together, the inferiority of their position is 
well proved; und they have those general analogies of 
original composition, and those relatfons to orgvyiic re¬ 
mains, which would be satisfactory evidence in every 
other case. Those who reject the term primary, and 


rujo 

yet retain the use of secondary and tertiary, have eon- Geology, 
strueled a series wanting its first term. Gh.lt. 

The answer to the second inquiry cannot, perl laps. '—■—'./t"—' 
in the present state of knowledge on the subject, he w r ri - 
given with the confidence of assured impartiality. 1‘ "|“ r J 
certaiuly does not follow that because gneiss, fbr < x- ,i,-, 
ample, is generally allowed to be. the lowest of the fi win water ? 
stratified groups which wc can trace, that there mav 
not be other strata of a totally different nature hehuv 
it, partially or wholly concealed by Plutonic rocks, 
still less is '>t evident that suvh strata may not have 
existed, and been subsequently absoibed into the 
general mass of igneous rocks below. Geologists of 
eminence appear to think that granite itself is a deriva¬ 
tive igneous, Ifom an earlier stratified rock ; und that 
as gneiss is certainly in some respects to be compared 
to partially fused snmlsonc, so it may be supposed that 
while, above, the mass of strata tvus augmented by addi¬ 
tions from water, it was diminished, below, by t'he trans¬ 
forming action of heat. 

Strange as this notion may appear we certainly are 
not ut present in possession of facts sufficient to wholly 
disprove it. Rut neither are there any facts to raise it above 
the rank of a general speculation grounded on particu¬ 
lar and local alterations of stratified rocks. It cannot, 
therefore, be admitted for vvur.t of sufficient, evidence, 
and, perhaps, the following considerations will justify us 
in rejecting it. Many of the primary strata undoubtedly 
are derived from the disintegration of preexistent gra¬ 
nitic rocks. The character of the organic remains in 
these strata is in general so remarkably contrasted uilii 
those which at present exist, that, joined to the diminu¬ 
tion and final extinction of their numbers as we descend 
in the scries, and the almost |>erloet identity of their 
characters over immense geographical ureas, we seem 
really to behold in them the first terms of organization, 
the earliest records of thp establishment of life upon the 
consolidateil crust which overspread the fused matter 
within the Globe. 

However, without plunging further into premature (WIumouv 
speculations of this nature, we shall content ourselves admitted, 
with the admitted conclusions. 

1. That there is a sequence of age to be traced 
through all the stratified rocks, which may, thetrinre, 
be very justly grouped in tiny suitable number of ■ uc- 
cessive divisions, as primary, secondary, und (ciliary, 
and that these terms, if convenient, ate not improper. 

2. That the scries of stratified deposits, whether we 
know their first terms or uot, were laid upon a general 
basil or floor of Plutonic rocks. 

3. That the term primitive, whether applied to ig¬ 
neous or to aqueous deposits, must be ab unioned. 
as affirming what is nut, and perhaps cannot be 
proved. 

4. The alteration of strata by general igneous agency, 
or by the local contact of melted rocks, being an effect 
wholly independent, both as to cause and period, of the 
deposition of strata, must be treated in connection with 
the other effects of subterranean heat. 

Governed by these considerations, the succeeding purl 
of the-Treatise will form two clearly marked divisions : 

1st, the description of Ihe products and operations o! 
water through all geological periods to the present time ; 
and 2d, a similar account of the products and <'i >• ra¬ 
tions of heat. 

Exceptions to this rule wiil occasionally occur u her.* 
it is necessary to notice the changes produced by i.-.ne- 
1 o 3 
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Ot-oKigy. on* agency in the condition of the bed of the sea, and 
Ch. IX. other ctrcuinstauces which influenced the character and 
extent of the aqueous deposits. 

In the following description of strata, we shall retain 
the general titles of Primary, Secondary, and Tertiary 
Strata, and divide them into several systems according 
to certain properties, or in agreement with their elective 
associations. ' The reasons which have determined the 
mode of arrangement in each case will appear in the 
history of the several systems. 

PiUMAitY Strata. 

System of Gneiss and Mica Schid. 

These strata, derived probably from decomposed gra¬ 
nitic rocks, with several subordinate and associated 
strata, all devoid of organic remains, constitute, accord¬ 
ing to the concurring testimony of geological observers, 
the lowest group of the whole series of Neptunian de¬ 
posits. From the elfects of heat upon these rocks, 
their natural analogy to granite is sometimes so much 
heightened, as to cause some uncertainty in distinguish¬ 
ing between them. The rocks of this whole series 
might without impropriety be termed granitoid strata. 
They are usually called primary, sometimes primitive 
strata. We use the former term in the same sense 
nearly as that in which M. Omalius d’Halloy employs 
the title primordial, and intend that it shall be under¬ 
stood to include the following system. 

System of Argillaceous Slate. 

In this argillaceous scries, which includes the whole 
mass of the slate rocks of England and Wales, lie the 
most ancient organic remains yet discovered. The cal¬ 
careous slates of (.’ncrmarthetisliire, the black liinesioties 
of Norway, the shelly limestones of Shropshire, Dudley, 
and the Kyfel, belong to this division, which is generally 
known by the term of transition strata ; a title which is 
found convenient, but considered by many modern 
wiiters too theoretical to be often employed with pro¬ 
priety. We shall chiefly employ it to designate the lime¬ 
stones of this period. 

Secondary Strata 

as they occur in Europe. It is probable that other 
inodes of arrangemeut will be found necessary for other 
regions. 

System of Carboniferous Strata. 

Containing a very large series of sandstones, lime¬ 
stones, shales, coal, and ironstone, with abundance of 
marine cxuiiee in the calcareous portions, and a profu¬ 
sion of terrestrial plants in connection with the coal. The 
lower part of the system consists principally of red sand¬ 
stone, the middle of limestone, the upper of coal shales 
and sandstones. The limestone 1ms been long known, 
in England by the name of mountain limestone. 

System of Saliferous Slrala. 

We have chosen this title, because rock salt is exclu¬ 
sively found in these strata in England, and is espe¬ 
cially abundant therein throughout Europe. This re¬ 
markable mineral is„ however, found, though not in 
Britain, in several other parts of the series of secondary 
strata. 

Bed and white sandstones with red, white, and blue 
clays, gypsum and rock salt, constitute the mass of this 
system; and locally enclose two principal calcareous 


rocks, the lower one usually charged with carbonate of Geology, 
magnesia, the upper one a shelly limestone not known tih. It. 
to occur in England. '“*'/■*“•* 

System of Oolitic Strata. 

Consisting in England of several distinct groups of cal¬ 
careous rocks, alternating with clays and sandstones which 
are often calcareous, the whole remarkably rich in marine 
exuvia. 1 , with locu] interpolations of terrestrial plants and 
coal deposits, and one estuary formation. 

The lowest limestone group is usually argillaceous, 
the others are mostly nearly pure carbonate of lime, and 
very generally oolitic. On the Continent many of the 
minute distinctions of these rocks disappear. 

System of Cretaceous Slrala. 

Chalk with argillaceous marls and layers of nodular 
flint, form the most remarkable part of this system, and 
it graduates below to green, grey, and ferrugiuous sands, 
with layers of nodular schist, rich in organic, remains. 

Tertiary Strata. 

These form, properly speaking, only one great and 
various system of sands, clays, and coarse limestones, 
stored with great numbers of marine exuviie always very 
analogous to, and in the most recent group identical 
with existing species, locally interstrati Red with fresh¬ 
water deposits of marls, limestones, and gypsum. 

Above all these systems of strata lies a variety of 
tumultuary deposits apparently produced by violent 
action of moving water during and subsequent to the 
elevation of the tertiary strata, and enclosing in abun¬ 
dance the Tcmains of extinct quadrupeds. These are 
termed Diluvial Deposits. 

Easily, we have the products of modern rivers, lakes, 
and tides, or generally, the deposits, whether chemical 
or mechanical, which have been effected by water acting 
as it now acts, artd where it has acted, since the last 
great revolutions by which the relative level of land 
and sea has been changed. These are palled Alluvial 
Deposits. 

Range of the Primary Strata. 

At all periods in the history of Geology, persons of study of 
enlarged views have passed over the limited areas of niouutains. 
particular Islands and Kingdoms and have sought to 
connect the results of their local inquiries with those 
drawn from similar researches elsewhere. In this point 
of view the long chains and insulated groups of moun¬ 
tains become of the highest interest. These lofty peaks 
on which the snow rests for ever, whose rocks contain 
no vestiges of life, may be imagined to have stood up in 
ancient times above the level of the waters, dividing the 
pritptval deep into seas very different from those which 
now branch off from the Ocean. And though this sup¬ 
position is probably inaccurate, though modern re¬ 
searches render it extremely credible, that in fact the 
mountain ranges, far from limiting the ancient sea, and 
altering the nature of its deposits, were really raised 
out of its depths at periods comparatively recent, this 
does not diminish their geological importance. For if • 
by means of this uplifting we are made acquainted with 
some of the materials which would otherwise have been 
conceded from the eye of Philosophy, these mountain 
ranges must be studied as the basis of the whole system 
of Geology. 
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They form, bo to speak, the skeleton of the Earth, and 
1 1 arc the marking' features of its topography ; their insu¬ 

lated groups characterise Kingdoms, their long connected 
chains divide the races of mankind, and define the 
geographical limits of the distribution of land animals. 
To the Geologist they have become still more interest¬ 
ing in consequence of a remarkable general law of their 
physical structure. For in all climates of the Earth, 
under every conceivable variation of external circum¬ 
stances, the principal ranges of mountains are every¬ 
where composed of similar rocks, and those originally 
the lowest, and in part at least the oldest, with which we 
are acquainted. By what violence from below they 
have been uplifted to their present heights, so ns to 
break through and rise from beneath the strata which 
were superimposed upon them in succession, is a capital 
question in Geology. 

These rocks arc the primary strata of gneiss, mica 
schist, slate, and their many associated strata, the depo-’ 
sits of water, rest ing upon and often pierced by granite 
and other crystallized compounds from fusion. An out¬ 
line of the mountain groups and chains which diversify 
the face of our Planet, seems, therefore, the best lbunda- 


as carrying on, the primary range toward the Alps, Geology, 
which hold so long a course from the shores of the Me- t'h. It. 

diterranenn in a winding direction to the Danube, nml- v - 

seei " l,) prolong themselves in the inferior ridges of the 
Carpathians toward the Black Sea and the Caucasus. 

If, now, wc consider Caucasus as continuing the Alpine 
line round the Caspian Sea to the lofty Puropamisati and 
Guur mountains, and from thence turn Northward 
along the summit of drainage including the Sea of 
Azot; we come to the Uraliau chain, which leads us to 
Nova Zombis, and thus we find nearly all Europe, 
and a considerable tract ill Asia, enclosed within this 
irregular circle of primary mountain groups; and it may 
often hereafter he convenient to speak of this space as 
the European Basin. It is within this region that the 
greatest variety of stratification has been observed. 

Within this area are the primary elevations of the 
centre of Fiance, the Ardennes, the Vosges, the Black 
Forest, the Thuringerwald, (he Hart. 1 ?, and the Bohe¬ 
mian Circle ; South of it are the Sieirns of the Spanish 
peninsula, Corsica, Sardinia, the Apennines, the Dal¬ 
matian ridges, and the mountains of Greece and Mount 
Ila-mus. 


Up lilt ions of 
mountain 
i.u)£t>s ami 
^roti|*s. 


tion for a systematic view of the strata which rest The mountains qf Africa are long, unconnected ranges, 
against these rocky barriers. Atlas borders the Northern shore, a range parallel to 

It has long been the-fashion to tllempt to establish the Equator determines the course of the Niger, and, 
certain geometrical relations among the chains of perhaps, the prolongation of it defines the drainage of 
mountains, to refer them to particular parallels' and pre- the Nile. The high laud about the Cape runs in various 
dominant directions, but this labour, unconnected with directions. 

Geological researches, seems to have been very fruitless. Another basin of ubout equal extent, hut more per- Asiatic 
Perhaps it would he more correct to say the essence of fectly defined in its boundaries, and more uniform in its bmins. 
the geographical relations amongst mountains is irregu- interior composition, is that great Siberian tract which 
larity. For though we speak of long-continued chains lies to the East of the Uralian, and to the North of the. 
and belts of mountains, it is very certain, in fact, that Altaian, Ynblouoy. Stanovoy, and Kainscluitdale mouii 
to be assembled in groups is the real character of moim- tains. The. vast Empire of China and Tartary lying to 
tain association, and that the chains ami belts are the South of the Sibeiian basin, and to the North ot the 
nothing but approximated groups. A Geological Map Indian Empires, may be considered as a third great but 
is in this respect a most valuable instructor; from it wc divided basin between the Himala and Altaian heights.. 
see that, instead of the plains being insulated among the The peninsular Indian regions, with their islands 
mountains, .instead of the upper strata appearing in stretching toward New Holland, Persia, Arabia, derive 
small contracted patches like oases in a desert, they their features from considerable primary mountains di- 
spread wide, and flow round the bases of the mountains, rected more parallel to the circles of hmgjiudc ; the 
as the Ocean encircles the islands and continents. Southern part of Africa is similarly defined by the long 
Among the few general remarks on this subject we ridges of mountains which run from Cape Guardaliii in 
may observe, that the most insulated and many of the the East, and above the sources of (he Congo on the West, 
loftiest eminences on the surface of the Earth are the to converge about the Cape of Good Hope; while the 
volcanic summits ; llie most connected ranges of uni- greatest breadth of this pcuinsuluted continent, Irom Capt* 

’formly high ground are formed by the secondary lime- Verde to Cape Guurdalui, is coincident with ilie high 
stones. Finally, that the general outline of Countries mountains of Kong, Donga, utid Southern Abyssinia, 
is much influenced by the direction of their interior and the North-Western projection is caused by the ole- 
mountains. * vated Atlas. 


European The Scandinavian chain, commencing at the North 
I’.lmii. Cape, runs parallel to the coast of Norway, and gives off 
branches to the East which pass round the Gulf of 
Bothnia. The line of the Scandinavian chain may be 
imagined to cross the sea to Zetland, and from thence 
to proceed by the Hebridinn Isles and the North-West¬ 
ern half of Scotland to Ireland, where it is much 
broken into separate groups in the North, South-East, 
and South-West. of.the island. The Isle of Man, the 
South-Western part of Scotland, the Cumbrian group, 
the broken mountains of Wales, and those of Devon and 
Cornwall, are so many separate protuberances of the 
exterior rocks, of the Earth, which, with Bretagne and 
the North of Spain, compose the interrupted Western 
border of Europe. ' ; 

The Pyrenees, ranging to the East, may be considered 


The interrupted system of primary mountains winch Prinripl 
extends from the Pyrenees to Behring's Straits limy tic lim ' "* . 
supposed to continue in the long and magnificent Cor- 
dillera parallel to the whole Western coasts of Amciica, 
while the North-Eastern shore is parallel to the Alleghany 
and its Northern connections, aud between these nml 
the Western Cordillera, the vast basin of the .\,i-sissij>pi 
pours Us waters into the Gulf of Mexico. The Eastern 
projections of the coast of South America, w hich is in a 
certain degree correspondent to that of Africa, are owing 
to lateral extensions from the great Western Cordillera. 

Though the above enumeration and classification of 
mountains be extremely imperfect and subject to many 
- objections, it answers the puipose intended, which was 
to show that the lending features’of our continents, their 
geographical extent and connection!, arc dependent on 
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llie linos of mountainous land, and as those ate const!- 
tutoil of the lowest and oiliest stratified resting on gra¬ 
nitic rocks, it generally happens, as Mitchcli foresaw, 
that in every (‘ountry the secondary strata are arranged 
with reference to the lines of mountains. 

Air entirely now kind of interest has lately been given 
to this subject in consequence of the researches of an 
eminent foreign Geologist. Elie de .Beaumont, from 
considerations of some observed accordances between 
the direction of mountain chains and the geological 
era of their uplifting, has advanced the hypothesis that 
these two circumstances are always mutually dependent; 
and, in consequence, supposes that all ranges of moun¬ 
tains which were uplifted at the same period are parallel 
to one and the same great circle on tire sphere. This is 
not the place to examine this curious question as fully as 
it deserves, anil we shall, therefore, only mention some 
of the cases in which this ingenious Geologist supposes 
that the truth of his doctrine may'he recognised. 

If a-great circle be conceived to pass round the Earth 
through Natchez and the month of the Persian Gulf, 
and the directions of mountain chains be compared with 
it. it will appear that the Pyrenees, part of the Apen¬ 
nines, the Dalmatian and Croatian ranges, and part of 
the Carpathians, are parallel to it. Now in accordance 
with some researches of Geologists, M. de Beaumont 
supposes that all these mountain-chains were thrown up 
at the same geological epoch. Nearly parallel to the 
same circle are the Alleghanies of North America, the 
Gauts of India,and the Paropamisan heights; but further 
information must be acquired before we can be asked 
to admit that these mountains may have been thrown up 
at the same epoch. 

Another circle may be traced on the sphere parallel to 
the Alps, from the Valais to Styria, and to this system we 
may refer the Atlas, the Caucasus, the Balkan, the 
Himnln, &e.; and, according to the hypothesis of M. 
de Beaumont, these must have been all raised at so late 
a period as since the deposit of the tertiary strata. 
This subject will again attract our attention. 


Gneiss ami Mica Schist System. 

Principal This consists principally of the two following rocks : 
Kia-iss mnl 0 a roc ' t composed of the same mineral ingre- 

mica schist as granite, but laminated and stratified ; 

system- Mica schist, composed generally of quartz and mica, 

in alternate layers. 

With these are associated, and often intermixed. 

Quarts rock, generally appearing like a semi-crystal¬ 
line or imperfectly granular mass of quartz, variously 
modified by small interspersed quantities, of mica, fel¬ 
spar, &c , sometimes more compact, and resembling the 
quartz of veins, in oilier examples mixed with clay slate. 

Crystallized limestone mostly granidar. 

Serpentine, a magnesian rock generally distinguishable 
by its softness, smoot hueas, and bright mottled colours. 

Steatite, a still softer and smoother rock than serpen¬ 
tine, generally of whiter colour. 

Potstone, a soft, often grey or greenish magnesian rock. 

Hornblende, schist, a laminated rock of hornblende, 
variously- modified by felspar, mica, and chlorite, gene¬ 
rally in alternate larninm. 

Chlorite schist, a rock almost precisely similar to 
mica schist, with the exception of the difference between 
chlejjhe and mica. It is subject to the same contortions 
as iwea schist, and passes like it by insensible gradations 
to gneiss and clay slate. , 


Talc schist, mentioned by M'Cidloch, is auother of Geology, 
the fissile rocks which differ from mica schist only by ^ h - , 

the substitution of one mineral for another. It is rare. 

With respect to the order in which they succeed one 
another, nothing very definite can be advanced. The 
greater number of observations concur in assigning to 
gneiss the lowest place in the system, a conclusion sup¬ 
ported by its evident analogy to granite, and in the 
same geueral way we may, perhaps, place quartz rock 
and chlorite schist in the upper part of this system, and 
next to the clay slate, with which, indeed, they are often 
associated. Limestone and serpentine are so irregular 
aiul peculiar in their occurrence, that though, perhaps, 
their era is more definite than that of any other of these 
rocks, they can scarcely be employed to mark a geo¬ 
logical date. In some district or other nearly all these 
ancient rocks alternate with one another so variously 
and unequally, that what would be called the oldest rock 
in one region may be tl\u youngest in another, and, 
therefore, it is no wonder if the attempts which have, 
been made to divide the gneiss and mica schist system 
into several distinct formations, have wholly failed. It 
is not till zoological evidence is brought to bear on the 
subject that we are able to demonstrate completely the 
relative age of strata, by distinguishing different deposits 
and different ages of the same kind of rock. 

That the materials of the mechanically aggregated Gneiss.' 
gneiss rocks, of the whole scries of strata, in fact, except If * U1 ‘K'“- 
the calcareous rocks, are derived from the disintegration 
of more ancient granite and other crystallized compounds, 
is an opinion which is strongly impressed upon every 
Geologist while examining the composition of gneiss. 

The ingredients of gneiss and granite arc the same, 
quartz, felspar, and mica; they arc mixed with the like 
accidents and permutations, and occasional admixture 
of other minerals, and are subject in both to the same 
extreme variation of size. But these rocks differ in tire 
most essential point of view under which they can be 
compared, ciz. the mode of arrangement among their 
constituent masses. The ingredients of granite are 
so connected together by contemporaneous, or nearly 
contemporaneous crystallization, that one substance 
penetrates and is united into another, and we arc com¬ 
pelled to conclude that they were accumulated together 
not in distinct pieces ready formed, but that they ac¬ 
tually never had a separate existence as solids until 
their different properties were developed by crystalliza¬ 
tion from a fused mass. 

On the contrary, gneiss well characterised shows evi¬ 
dently, by some degree of wearing of the edges and 
angles of the quartz and felspar, and much more de¬ 
cidedly by the laminar arrangement of the mica, and 
consequent minute stratification of the rock, that its 
materials, ready made and crystallized, were brought to¬ 
gether and arranged by some mechanical agent, princi¬ 
pally influenced by gravitation, in fact by water. Could 
any doubt remain on this subject after a sufficient ex¬ 
amination of-gneiss strata, in all their gradations from 
a rock resembling granite to a fine grained fissile mass, 
hardly distinguishable from clay slate, it would be at 
once removed by comparing them with a suite of sand¬ 
stones', many of which, like gneiss, are composed of gra¬ 
nitic debris and strongly allied to it in structure, but 
most evidently aggregated by water. 

In a great majority of instances, gneiss rooks imme¬ 
diately follow granite; being- then composed of the ma¬ 
terials of that rock which had suffered the least degree 
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of waste and abrasion, it is no wonder that on several 
occasions it should strongly resemble its parent. And if 
we allow, what may probably be true, that the heat of the 
granitic nucleus was then sufficient in some places mate¬ 
rially to atfcct the consolidation of the strata on the bed 
of the sea, we shall perceive another cause why the most 
aucient mechanical strata approach in character to the 
Plutonic rocks. 

Though the disintegrated materials of granite com¬ 
pose almost universally the substance of gneiss, frag¬ 
ments of granite are most rarely discovered in it. This 
circumstance, combined with its numerous laminae and 
crystalline aspect, seems to iudicalethat the aggregation 
of gneiss happened without any- great degree of tur¬ 
bulence or lateral motion in the water. It may, perhaps, 
lead us to suppose that in those early periods the 
fluctuating temperature of the bed of the sea contributed 
sometimes to accelerate the aqueous decomposition of 
the granite, and afterwards at intervals to harden its stra¬ 
tified materials into gneiss. 

Gneiss beds arc of extremely various thickness, and 
the lamina* of which they consist are subject to such 
extraordinary curvatures, that it is often very difficult to 
trace them. 

Where other rocks alternate with gneiss, as hornblende 
slate or mica slate, the stratification is rcudered very 
evident, but otherwise the beds are less regular, and are 
ofien discontinuous, as in micaceous sandstones and in 
argillaceous slates. 

The contortions of the iaminte of gneiss arc observed 
to In* most numerous and surprising, where, as fre¬ 
quently happens, veins of granite, quartz, or felspar 
divide this rock.’ These veins cross the laminae at 
various angles, ami generally cause some peculiar twists 
along their sides; they not unfroquenlly insinuate them- 
selves between the lamina.*, and in this case, when thick 
and extensive, may be mistaken for alternating strata. 
It is probable that many cases of supposed alternation 
between gneiss and granite may be thus explained, and 
that in other cases the rock called granite may be really 
a coarsely granular gneiss, whose particles nave been 
very little moved by water, or unusually atfecled by. sub¬ 
sequent application of heat. 

Gneiss being one of the most extensive stratified 
rocks is a rich repository of minerals, both in the New 
nnd the Old World. Garnets frequently, zircon, beryl, 
disthene, epidote, tourmaline, rutile, oxide of tin, oxide of 
iron,sulphuret of molybdena, more rarely,.are disseminated 
in its lamina*. The veins of quartz, calcareous spar, 
carbonate of Iron, and sulphate of barytes, which divide 
it.coutuin the sulphurets oflend, copper, and zinc, native 
silver, tin, &c. ( Brazil , Humboldt,) and many other 
minerals occur in the calcareous strata which alternate 
with or are enveloped by the strata of gneiss. 

Gneiss alternates with granite in the Ileiaengebirge 
nnd in Quito, and iu some cases graduates into the cha¬ 
racter of granite, as on the Soul hern declivity of the 
Titlis and Jungfrau ; (Humboldt;) more frequently it 
exchanges beds with mica schist, hornblende schist, and 
granular limestone and clay slate. These rocks are 
sometimes in such small quantity as merely ,to mark 
lines of division in the mass of gneiss, but at *other 
times they swell out to great thickness. The limestone 
beds in particular are remarkably local and irregular in 
their occurrence, and instead of extending, like the more 
recent calcareous strata, through large tracts of country, 
appear in the form of large lenticular masses, enveloped 


on every side by the predominant rocks of gneiss. The Geology, 
term subordinate, on a great scale, is not inipiopeily th-IU 
applied to these lenticular forks, though in local Geology, s "-v —■'* 
their occasional great extent and comparative reguhuiiy 
may entitle them to be classed under an independent 
title. Thus Charpeiilicr arranges the granular lime¬ 
stone of the Pyrenees. 

By the substitution of hornblende for mica, gneiss- 
gradually changes to hornblende schist ; the loss of its 
felspar approximates it to miea schist, the diminution 
of its miea produces the resemblance of quartz rock. 

A finely granular state, with more evidence than usually 
appears of watery friction among the particles, almost 
transforms gneiss to sandstone; a more minute admixture 
of its ingredients, with a predominance of chlorite, 
gives it the aspect of argillaceous slate. In all these 
cases great caution is required, and its geological rela¬ 
tions should always lie consulted before deciding on the 
name of this Protean rock. These gradations happen 
most frequently at the junctions and alternations of the 
several rocks. 

Mica schist, like gneiss, appears to have derived its in- Mi™ schist, 
gredienfs from the destruction of granitic rocks ; but it * ls u >''S' n - 
generally contains but little felspar. May we conjecture 
that this mineral, which is easily acted on by ordinary 
agents, was itself decomposed during the disintegration 
of the granite, and mostly dissolved, leaving the quartz 
and the miea to be arranged by the water in the alter¬ 
nate layers which render this rock so remarkable? 

The lamination of this rock is subject to much un¬ 
evenness, in consequence of the irregular size and 
arrangement of the pieces of quartz, nnd the uiidulu- 
tions thus occasioned on the micaceous surfaces, are often 
further modified by interspersed garnets. Besides, this 
minute inequality, the lamimc of mica slate are liable 
to the same contortions and curvatures as those of 
gneiss; the same difficulty often occurs in tracing ita 
beds, similar and very numerous veins of quartz tra¬ 
verse and mingle with its layers, and when in contact 
with granite it is locally penetrated by similar granite 
veins. 

Various minerals are similarly disseminated through Minerals, 
it, as garnet, emerald, beryl, disthene, tourmaline, lei spar, 
epidote, hornblende, columbium, mol)bdenn, rutile, oxide 
of tin, wolfram, oxide of iron, grey cobalt, native gold. 

Its metallic veins are of the same nature as those in 
gneiss; it alternates in the same way with quartz rock 
and the other slates, and encloses similar deposits of 
limestones. It seems, therefore, almost superfluous to 
say, that the line of rigid distinction between the mica 
schist and gneiss can only be drawn in the closet. Vet, 
in fact, on a great scale the two rocks retain their typica* 
characters over large tracts of country, aud must be 
considered apart. 

Quartz rock, in the greater number of instances, seems Quartz 
a more recent deposit than mica schist and gneiss, rock. t 
though indeed, by an easy change of its composition, it 
becomes nearly identical with them. This circumstance, 
combined wills the internal evidence of texture, seems 
to decide the question of the origin of quartz rock, and 
to prove that, however altered by subsequent igneous, 
action, it is originally a Neptunian and mechanical de¬ 
posit. The degree of compactness which it exhibits 
varies through a large range, in some cases approaching 
the loose granular character of sandstone, in others 
the density of the quartz of veins. In this latter case it 
seems that the mass is composed of fragments so firmly 
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Gvulnjiy. united as to suggest the idea of theii having been fused 
Ch. II. together since their deposition from water. Perhaps, 

^ also, in some cases, what has been considered as quartz 
rock may be really an expanded or overlying vein. 
Minerals. In South America this rock is the repository of many 
rich ores and metals. Native gold is found in Brazil 
in a stratified rock of quartz, and micaceous iron ore, 
which is suspected by M. Eschwege to be the original 
repository of diamonds, and appears to lie intimately re¬ 
lated to quartz rock. The flexible qiuutz of the same 
country is a granular rock with drusy cavities containing 
topaz and amethyst. (Brongniart.) 

Crystalline Crystalline limestone is in general observed tube slrn- 
liiiiestune. tified, frequently to alternate with gneiss and mica schist, 
Its ongm. u|1( | j s ihcTelcrrc a Neptunian deposit. Its frequent higli 
stale of granular or saccharoid crystallization may per¬ 
haps be due to changes operated since its deposition, and 
partly occasioned by .the action of subterranean heat, 
of course more sensible in the lower than in the upper 
calcareous deposits. 

It is difficult to imagine that such a rock could be 
formed by crystallizalion from water, ofleu in laminse 
exceedingly thill and regular, and alternating with' evi¬ 
dently mechanical deposits. That the calcareous matter 
of many rocks, at first precipitated in sediment, has 
been since arranged in crystalline and concretionary 
masses, is certain. Thus the oolitic structure, tiius the 
crystalline cement of the Lincolnshire oolites, has been 
occasioned. These effect", it is now known from artifi¬ 
cial trials and from observations in Nature, are more de¬ 
cisive when heat and pressure operate upon the par¬ 
ticles. By this combination, the earthy sediment of 
chalk is condensed into crystalline limestone. 

The deposits of crystalline limestone, whether dis¬ 
tinctly stratified or not, are in general detached and 
limited, and so entirely enveloped in the strata of gneiss 
and mica slate, as to compose but a subordinate mtinlier 
of those extended formations. Tills fact appears to in¬ 
dicate that in the earliest periods of Neptunian opera¬ 
tions, the precipitation of calcareous matter was occa¬ 
sioned by agencies of a more local and liniited nature 
than those which produced the broad strata of lias, 
oolite, and chalk. 

May we imagine that the accumulation of these nu- 
cular or lenticular masses wits determined by local 
•developements of subterranean heat, which directly, by 
change of temperature, or by intermediate, chemical 
agencies, might render the calcareous matter insoluble ? 
Ilowcvor we may seek to explain it, the fact is un¬ 
doubted, that during the aggregation of the gneiss and 
mica slate systems, a large quantity of calcareous sedi¬ 
ment was deposited, not in one uniformly extended 
stratum, but at scattered points, and in unequal quantity. 
And this irregularity of deposition continues to be ob¬ 
served in an inferior degree in the limestones of the 
. clay slate system, which are often lenticular, but above 

this point, when the influence of the internal heat must 
be supposed less intense and more equally diffused, the 
calcareous strata become ot once more abundant, more 
regular, and more uniformly extensive. 

Minerals. Though primary limestone be, in fact, a simple rock, 
its aspect admits of many variations from the unequal 
* admixture of other mineral 'substances. Of these the 
most frequent are. mica, tal$. and steatite, the latter of 
which often communicates a green or mottled colour to 
the whole rock. Crystals of augite, (Tiree,) garnets, 
and felspar, (Col. de Bbnhomme,) occur in it in some 


places, and tremolite and argillaceous slate lie upon its Geology, 
laminae. It sometimes assumes a hrecciated character, as Ch. II. 
if composed of limestone fragments,- and more rarely 
contains fragments of roeks of the gneiss and mica 
slate system. 

It is the fruitful source of statuary and architectural 
marble, contains a great variety of minerals, and is 
locally traversed by veins of quartz, felspar, and granite, 
and by veins of cobalt, galena, iron. 

The limestone associated with gneiss and mica slate Contains no 
is usually, perhaps always, destitute of organic remains; or R tt, !' c 
while jiart of that associated with clay slate almost in- remaluB 
variably contains shells, trilobites, or corals. The gneiss 
and mica system may therefore he considered as hypo- 
zoic, or beneath the Btrata which contaiu reliquie of 
life; while the clay slate system is clearly epizoic, or 
within the zoological era. Rut this distinction, when 
applied to such vast thicknesses of rock devoid of these 
remains, and variously alternating, is rather doctriuul 
than practical, aud being founded solely on a comparison 
of the calcareous strata, we shall so restrict any use 
which we may find it convenient to make of these terms. 

They are besides theoretical ternfis; for if we suppose the 
crystalline limestones devoid of organic remains, to have 
derived their peculiar texture from changes subsequent 
to their deposition, under the influence of subterraneous 
heat, it is possible that the absence of organic remains 
may be often a consequence of this change. This is 
possible ; at the same time it must be owned, that cir¬ 
cumstances hereafter to be mentioned concerning the 
limestones of the slate system above, appear strongly 
confirmatory of the hypothesis which these terms in¬ 
volve. 

Wlmt observations remain to -be made on the other 
rocks associated with gneiss and mica slate will be found 
in the following section. 

* 

Districts of the Gneiss and Mica Schist System. 

The extent of Countries occupied by gneiss and mica 
schist with their associated rocks is enormous; and there 
are few districts of sufficient area where granite appears, 
without being followed by these deposits. But tne 
order of their succession, and their relative thickness, 
are very uncertain. In some districts gneiss, in others 
mica slate, in others quartz rock, make up the whole 
visible system, and are immediately succeeded by clay 
slates. There are even cases where the whole system 
is wanting, and large areas of (jranite are immediately 
invested by clay slates and limestones containing organic 
remains. In England,.for example, gneiss and mica I" Kn n 
schist, and primary limestone, and quartz rocks, are **““*> * c ‘ 
almost unknown; hut in Ireland, and especially in Scot¬ 
land, they are abundant, and include among them 
many gradations, chlorite slate, talc slate, hornblende 
slate, &c. 

In Cornwall and Wales the granitic rocks are almost 
universally succeeded by modifications of clay slate; and 
though in Cumberland the grapite of the river Cable w is 
indeed covered, by rocks, havilVg the character of gneiss, 
mica schist, and dark hornblende slate, (proviucially 
called whintin,)’ their area is inconsiderable, aiid the 
lattetr rock boon Changes to clay slate. At a place called 
Marlindale, at the Eastern foot of Caldbeck Fells, is a 
fine-grained variety of gneiss in very thin, straight la- 
min®. ,. 

Granite veins are rarely known to divide any of the 
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rocks of this region. Quartz rock occurs in the Lickey 
Hill near Bromsgrove, and gneiss and quartz rock were 
' found by Mr. Horner bordering the granite of the Mal¬ 
vern Hills. 

The general order of succession among the primary 
Btrata in Scotland may be represented in a diagram as 
in pi. i. fig. IS, but it must be remembered that all the 
terms of the series are seldom coexistent in the same 
vicinity. 

Gneiss is abundant in Scotland, particularly in the 
Northern and Western .parts, and being exceedingly 
variable in composition, is very often undistinguishable 
from mica schiBt, under which head apparently M. Bout! 
has preferred to class many of its varieties. - 
• Gneiss constitutes almost the whole” mass of Iona, 
Tiree, Coll, Rona, and the Hebrides, and enters largely 
into the composition of-the Zetland Isles, wliiph are 
in some measure to be viewed as a prolongation of 
the Hebridian group, as the Orkneys appear to be 
an extension of the Eastern rocks of Caithness. 
House, Burra, Whalsay, Out Skerries, and Yell, and 
the Western parts of Fetlar. and Unst,. and part of 
the Mainland of Zetland, are gneiss. The remainder - 
of the Mainland is principally mica slate, and the two 
rocks are partially separated from each other by an in¬ 
terrupted deposit of limestone. The. gneiss is often 
porphyritic, as in Unst; at Hagrasattervoe (Hibbert, 
Edin. Phil. Jour. vol. ii.) it appears to contain masses 
of granite as well as to be traversed by veins - of sicuite 
and talcosc granite. Kaolin is derived from it in the 
Mainland and in Fetlar. Gneiss exists likewise iu the 
Orkneys around the granite of Stromness. (Bout!.) 

In the Hebrides this rock changes often from the 
typical mixture of quarts, felspar, and mica, by the 
substitution of talcose minerals and hornblende for mica. 


in Ross-shiro, and other points in the extreme North of Geology. 
Scotland but the most abundant ami interesting de- Ch. Ii. 
posit adjoins to the granite of strontium 

It forms the beuutilul and picturesque region around 
Loch Sunart, which strongly resembles the Trosadis 
of Loch Katrine, being equally rich in wood, and re¬ 
markable for intricate confusion of rugged surface. 

The curvatures to which its lamina: are here subject 
are very numerous and extraordinary, veins of quart/,, 
felspar, and granite are extremely common, gurnets 
ahouud iu it at certain points, and the metalliferous 
veins with carbonate of strontian, harmotomc and 
remarkable calcareous spar are highly interesting. Ou 
the Eastern side it is bounded by porphyritic masses, 
but in other directions appears to be overlaid by mica 
schist, to which its composition approximates. 

But the principal part of the Highlands is occupied Mica schint 
by the mica scnisl formation, whose strata, ranging with in3cuU “»^* 
more or less regularity North-East and South-West, not¬ 
withstanding the interruption to their continuity by the 
unstratified rocks of the Braemar mountains,' and the 
groups of Ben Cruachan and Ben Nevis. 

The South-Eastern limit of this vast deposit is the 
line of the foot of the Grampians from the Forth of 
Clyde to Stonehaven. Deposits of red sandstone, lias 
and a carboniferous part of the oolites border the East¬ 
ern coast from the River Spey to Duncanshy head, and 
extend through the Orkneys; rocks of igneous origin, 
associated with the preceding, mosllv occupy St. Kildu, 

Skye, Runi, Eigg, Mull, parts of Ardnnmurchan and 
Morvcrn. Within these limits, and with the exception 
of irregular masses of igneous rocks and of gneiss, the 
whole of the vast space belongs to the mica slate system, 
with Us included quartz rocks, limestones, serpentines, 
potstones, its associated hornblende and talcosc slutes, 


by the omission of the quartz, and by the interlamina¬ 
tion of argillaceous schist. Some varieties are ex¬ 
tremely ' slaty, and suffer rapid decomposition; others 
approach nearer to -granite, and present rude and naked 
surfaces and precipitous faces, with tew brooks and little 
alluvium. The direction of the strata in the Hebrides 
is North-East and South-West, but the declination is 
obscured by frequent contortions, which in Macculloch's 
opinion arc most frequent in the vicinity of the granitic 
veins which divide alt the gneiss rocks, except those 
which are associated with clay slate; and the drawing 
which he presents of the contorted lamina: of gneiss and 
hornblende slate, in connection with ramifying granite 
veins, near Cape Wrath, seems to justify his views. The 
larnhue of gneiss are often peculiarly bent, or apparently 
dislocated along the fine of the veins; and sometimes 
mosses of this rock are curiously enveloped in their 
substance. 


and its overlying clay slates. 

The mountains of this system of rocks are formed 
into little groups separated by deep valleys ami long 
lakes, and their bases being usually and thickly covered 
with birch, underwood, and sometimes with forests of 
oak, while their summits rise often more than 3000 
feet above the lakes, the beauty of the scenery is admi¬ 
rable. Scenes, indeed, of an alpine character are very 
rare in Scotland, and, perhaps, nowhere occur except 
in the Cuchullin mountains of Skye and the granite 
peaks of Arran ; but very grand and imposing effects are 
produced by the combination of narrow woody defiles, 
precipitous slopes, and rocky crested summits. The 
general outline of the mountains is pyramidal, but this 
form, elegant at a distance, is broken on a near survey 
by fantastic projections, and bare cliffs, and by nume. 
rous channels, which after storms are changed into a 
multitude of waterfalls. The valleys destitute of lakes 


The veins are not often filled with-granite of the or- are usually wild and barren, and covered with scattered 
dinary kind, but with a compound rock, in which felspar rocks.. r 

highly predominates, so. as to form in several places Several of the most remarkable valleys in the High- 
(Harris, South Uist, Rona, and Coll) a real graphic lands follow the ranges of the strata, as for example, the 
granite, which in Coll contains garnets. Veins of extraordinary valley of lakes which are united by the 
quartz, occasionally metalliferous, likewise traverse the. Caledonian Canal whose highest summit is but' 90 feet 
gneiss of Coll and Tiree, Garnet, rose quartz, zircon, above the sea, the valley of the Spey, Glen Tilt, Loch 
hornblende, epidote, fiuor spar, iron pyrites, and sul- Tay, Loch Long, Loch Fyne, Loch Awe. M. Bond 
phuret of molybdena, occur in the gneiss. ‘ observes, that the longitudinal vulleys are remarkably 

Mica schist is not abundant ;lto the Hebrides, but in narrow as if mere slits in the country, while the nume- 
Rona, Coll, and Tiree, it alternates;- universally with rous transverse valleys are in general more widely 
the gneiss,. “ • expanded. 

Gneiss occurs in rtjany places, as round the granitic Ono of the most interesting valleys in Scotland is 
mountains of Breemar and Lachin y gair, at Kincardine ' Glen Roy, rendered classical by Macculloch’s description 
vol. vr. v' f 4 a ‘ 
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Geology, in the Geological Transactions. Two narrow, parallel, 
t’h. II. contiguous terraces, perfectly l?vel and continuous along 
v— the whole length of the glen, mark the higher part of its 
bordering slopes with a singular and most surprising 
character, the effect of ancient local operations of level 
water; most probably an included lake, whose lolly barrier 
at first subsided a little, and then gave way altogether. 
It lias been with less probability conjectured that these 
lines are the traces of the ancient margin of the sea, left 
uuiujured durilig a subsequent elevation of the whole 
country to the extent, perhaps, of 1000 feet. By the 
natives of these wild regions they have been traditionally 
supposed .tp bo the works of man in the fabulqus 
Ages. 

Ah might be expected, the forms of the mountains, 
and especially the shape of their summits, is considerably 
characteristic of the kind of rock which constitutes them. 
Compare, for instance, the irregular head and broken 
slopes of the Cobler and other irtountnins of mica slate, 
with the smoother sides and lessaugulated chloride top 
of Ben Lomond, and the conical summits of quartz on 
Benau, Schehalliou, and the Paps of Jura. 

Neither arc the features of the valleys and waterfalls 
independent of the nature of the rocks which they tra¬ 
verse. The unequal hardness of mica slate, in particu¬ 
lar, is often evident in the rapid streams, by singular 
hollows and pits in their course, and deep cavities under 
the cascades. A waterfall near Loch Earn Head exhi¬ 
bits this feature very remarkably. 

The most important point of view under which mica 
slate can be considered minerelogidally, is the well- 
known variation and entire change of character to 
which it is subjected by alteration in the proportions and 
permutation in the nature of its ingredients. It cannot 
be thought surprising that a rock, constituted probably 
of the debris of many granitic aggregates, should be 
extremely various in its composition. M. Bond is of 
opinion, that we may observe on a great scale these 
variations to be dependent on the general principle, that 
in proportion to its antiquity or proximity to granite, 
inica schist becomes more felspathic ami more quartzose, 
in fact, more like gneiss; and on the contrary, that in 
proportion as it recedes from the fundamental rocks, it 
becomes more talcose, more chloritfc, more'argillaceous, 
in fact, more like clay Mate. 

Examples of gneiss-like mica slate are found in ("lien 
Tilt, Dalimcardoch, and many other points of the Blair 
Athol Country, near Tyndrum, and sparingly around the 
granite mountains of Arran. 

In some specimens (Glen Roy) it appears composed 
of little else than mica folded and twisted round garnet 
crystals, in other cases (Ben Nevis) the garnets form 
almost distinct layers. In some cases (Glen Roy) the 
white mica and quartz form very smooth and attenuated 
laininue, in others (Trosachs, Loch Earn) jthe quartz is 
in thick irregular plates, which mark one of the grada¬ 
tions to quartz,rock. 

Quartz Quartz racks and quartzose mica slates are seen, in 
rock in the North of Scotland, in Moidart, along Loch Shlcl 
Scotland. am | Loch Ell, and the Eastern side of Loch Llnnhe. 1 
. . Above the granite of Glen Tilt, quartz rocks abound in 
Ben y glo€, and several mountains round the granite of 
firmmar, and may be well studied in .the valley of the 
Bruar near Blair. They reappear in Mount Alexander , 
and on the sides of Loch Runnoch, constitute the py¬ 
ramidal summit of Schehalliou, nod on the borders of 
She granitic desert of Runnoch Heath are traversed by 


granitic and porphyrltic veins. Further West the Gjohiey. 
Island of Jura is distinguished by the obtusely conical c “' “• 
quartzose mountains ‘called the Paps of J ura, and the 
saine rocks extend into Isla. Dr. Hibbert has described 
the quartz rocks in Zetland. 

Talcose and chloride slates,.holding, an intermediate Talcnsa 
mincralogieal character between clay slates and mica in 
schists, also for the most part occupy the intermediate &cot ttn * 
geological position. They may be well studied on the 
banks of Loch Lomond and Loch'Fyne, and several 
points on the South slope of the Grampians, where they 
are often rich in quartz, and remarkable far minute un¬ 
dulations and greater contortions. Chlorite slate is uIbo 
found in the Long. Island, and in Fetla'r and Uust. 

The mica schist of the Highlands very generally con¬ 
tains garnets, which are of various size and occur 
under different circumstances. It seems difficult to 
explain the very common association of garnets with 
mica schist and gneiss, except by admitting that this 
mineral is one of the, effects of heat applied to those 
rocks since their deposition. 

Hornblende roeks, especially hornblende slate, occur Hornblende 
in various combinations frith mica slate. Hornblende slate in 
is seen plentifully in Glen Tilt, and is much traversed Scotlaud . 
by granite veins, on both sides of the Pass of Killicran- 
kic, South of Schehallion, North of Ben More, in the 
upper part of Loch Lomond, and under Ben Cruachau. 

Serpentine, a rock whose geological relations are very Serpentine 
imperfectly understood, occurs in Scotland at lnpny il1 ficut " 
places; accompanied generally with talc or steatite, and 
diallage rock. It is said by lloutl to be most frequently 
placed among the upper beds of talcose slate, though 
occurrences of serpentine, in small quantities, accom¬ 
pany the limestones of Iona, Glen" Till, Harris, and 
Tirce. (Mucculloeh.) On the South side of the Gram¬ 
pians it occurs only at Cortachie on the North Esk, 
but through the Nortli of Scotland its localities are more 
‘scattered. (Near Drimnadrocliit, near Inverness.) The 
serpentine of Portsoy, said to be .employed in some 
of the apartments at Versailles, forms “ three vertical 
beds,” one of them enclosed between hornblende rocks, 
another between liornblende rocks and primary lime¬ 
stone, and the third betweeu quartzose talc slate and 
mica slate, which is covered by beds of limestone, horn¬ 
blende slate, and talc slate, and the junction of all 
these rocks is softened by a mutual exchange of ingre-. 
dients. In Scalpa, an irregular, highly inclined bed, one 
hundred yards thick, of serpentine traverses the gneiss pro¬ 
montory of the lighthouse, and exhibits at its boundaries 
against the gneiss abundance of hornblende crystals, 
layers of talc slate, and a sublaminaled structure. It 
contains steatite, asbestos, &c. The granite veins here 
claimed traverse both the gneiSs ana its included ser¬ 
pentine, and in the latter rock talc is superudded to the 
iugredients of the vein. 

Serpenline exists also in Lewis, and occurs in Zet¬ 
land In considerable abundance and beauty, both iu the 
Mainland, in Fellar, and at Brassa Sound in Unst, 
where it contains chromate of iron in sufficient abun¬ 
dance to be of considerable value in commerce. 

Potstone is found in Glen Elg opposite to Skye, and 
> io the serpentine of Scalpa. But the most remarkable rock 
of this kind is found at St. Catharine’snear Inverary, 
on the opposite side of Loch Fyne. It is imperfectly 
slaty, and has been employed ip the' erection of the man- ' 
sion of. the Duke of Argyfe,' Boud also adds as locali¬ 
ties, the districts of Strathearn and Breadalbane. 
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Primary limestone. One of the most important of 
the subordinate or interrupted rocks which diversify the 
vast surfaces of gneiss and mica slate in Scotland re¬ 
mains to he noticed. So tnqch has been before said on 
the composition of this rock, that we shall here dwell 
chiefly on the question of the relative ages of the differ- 
ent deposits. In the absence-of organic remains, we can 
only examine the associated rocks, and the textjsreof the 
limestone itself. The white marbles of Iona are found 
in a system of rocks by some referred to mica slate, but 
considered by Macculloch to be gneiss. The variously 
coloured marble of Tiree with its imbedded augite and 
hornblende lies ip a system of alternating gneiss and 
mica slate. That of Glen Tilt, characterised by itsacCom- 
panying tremolites, lies in a quartzose mica slate, asso¬ 
ciate^ with- hornblende slate; Notwithstanding the 
want of agreement in character between the limestones, 
and the more important differences between the rocks 
which enclose them, some Geologists think these lime¬ 
stones are of the same age. 

Bou£, following up the notices of Macculloch, traces 
the line of the Glen Tilt limestones to the Earl and to 
the West. In the Western direction they proceed from 
Gow’s bridge, crossing the hills at Lude, tending to¬ 
ward the South, passes through the Glen of Fincastle 
and across the valley of the Tutnel. It is conjectured 
that limestones of the same rtmge continue by Mount 
Alexander, and the base of Schehallion, from whence it 
proceeds through Glen Lyon to the side of LochTay, at 
the foot of Ben Lawers, reappears in Crien Larich, at 
the entry of Strath FiDan to ihe West of East Turtlet, 
in Knapdale, and the head of the valley of CroS. 

Eastward from Glen Tilt, this limestone is traced in 
the course of the North Esk. and in the valley of the 
Dec near Braunar, ftc. 

So extensive a range of limestone rocks in the direc¬ 
tion of the strata of mica slate, seems, indeed, to require 
no additional evidence of its being throughout a con¬ 
temporaneous deposit. The limestones on Loch Lag- 
gau and Loch Eil in Inverness, and at numerous other 
points in Aberdeenshire, are referred by BoutS to the 
same era. 

A second range of limestones, lying chiefly in argil¬ 
laceous and chloride varieties of mica slate, is consi¬ 
dered by tiie same author to be of more recent origin. 
The points are near Blairgowrie, at the foot of Ben 
Vorlich on the North side of Loch Earn, Balquhidder, 
Inverary, Knapdale, and Lorn, aud' the limestones of 
Bttlahulish, Cairodow, and Dalmally, as well as' those 
which run from Boharm to Bamtf, are classed- with 
these more recent limestones. 

Perhaps the relations between all these paints utay 
not have been correctly ascertained. In every attempt to 
trace a wmtcmporaneou « line through the .-older strata 
devoid of organic remains, much must be trusted to 
vague analogies; but there seems excellent imson for 
admittingthat these calcareous rocks, like those which are 
more perfectly traced among the newer strata, were the 
produce of a lew definite periods, and upt mete irre¬ 
gular formations having -no relation to each other in 
respect of .time. . •>. 

The granite of the Isle'.of Man to followed Ivy .very 
little gneiss,, mica slate, apd quarts rook. The mica 
slate is travened by veins of 4oarU and schorl (Ben- 
slow, Geel. Trttiu.) '* - ; 

The older strata of the North of Jrpt&nd may X* con¬ 
sidered as to part a prolongation'of these of {Scotland; 
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thus the extensive formation of mica stale in London- Geology, 
derry and Donegal is on the line of flic chain ol the Cl II. 
Grampians, continued through Jura and Isla; and the Wv— 
clay slate ridges which border the Monroe mountains 
run in the direction of the Mull of Galloway and the 
clay slate chain of the South of Scotland, while between 
these two systemsxif slates arc carboniferous limestone, 
red sandstone, and other strata of newer origin, corre¬ 
sponding to throe which separate the analogous chains in 
Scotland. 

The mica slate rocks are principally of the taleosc 
varieties without garnets, but producing hornblende. 

Deposits of laminated primary limestone of different 
colours, containing talc, quartz, hornblende, or pyrites, 
with veins of quartz, chlorite, and calcareous spar, occur 
in the mica slate, in many parts of Antrim aud London¬ 
derry. Hornblende slate likewise forms .distinct beds iu 
the mica slate of this region, and felspar porphyry is de¬ 
scribed under tfte same circumstances. (Berger, Geol. 

Trane.) 

.In the South-Eastern part of Irelund, granite is cx- South of 
tensively seen, and mica slate forms two ranges along its Ireland. 
Eastern and Western boundary, and wherever it occurs to 
indirect contact with the granite. On the Eastern side of 
the granite it runs in a narrow course North-East and 
South-West, dipping steeply South-East, and consists of 
alternate layers of mica and quartz of extremely variable 
thickness. On tire Eastern brow of Hochetowii Hill 
mica slate runs into a natural hollow. of the grauite, 
still retaining the North-East and South-West direction 
of its strata. On Moulin Hill it is singularly aud fan¬ 
tastically contorted on the small scale. There is a pro¬ 
longation of the body of'mica slate at the head ofGlen- 
mneanass, gradually narrowed in its Western progress, 
and constituting a wedge-like mass, inserted into the 
body of the granite, and enclosing a seeming bed of gra¬ 
nite six to ten yards in width, besides irregular masses 
of granite incorporated with the slate, in the same 
vicinity greenish, sectile, talc slate lies imbedded in the 
mica slate, and is used for various purposes of architec¬ 
ture and sculpture. 

In Glenmalur occurs a remarkable instance of decided 
alternation of granite and mica slate under circumstances 
very favourable for its display. In a space of 208 
fathoms no less than five distinct alternations of gra¬ 
nitic beds, with as many layers of mica slate, are 
clearly traced, and several of these beds are compound, 
or really made up of similar alternations of granite aud 
mica slate, or quartz aud mica slate. The great mass 
of granite to below, and (lie great mass ol mica slate 
above,'constituting the hill called Lugduff. Grenatite 
a ban iv to in this slate. 

Similar alternations oecur in other neighbouring 
places, making a total thickness of one-third of a mile, 
and the whole system ranges North-Easi and South-West, 
aud dips South-East. Oil the North-East they probably 
abut, and terminate against the granite. The mica 
slate on the summit of Lugnaquilla is likewise iuter- 
stratified with grauite.. , Clay slate bounds it on the 
East,and at lengtltcomiog into contact with the grauite 
puts off its further progress to the South. 

On the Western side of the granite the mica slate to 
still less < extensive. It is found to enclose beds, aud 
elliptical masses of granite in Gleiiisniatile; and it is 
that a granite vein, four to eight inches wide, 
ranging 2 b° North of West, cuts off the mass of alter¬ 
nating strafe, without occasioning any displacement. In 
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the same valley are two distinct beds of compact green¬ 
stone porphyry it: the mica slate, one tour feet wide, 
the other two feet. Andulusite abounds in the mica 
slate of this country, atid greenstones of various kinds 
alternate with it. 

The frequency of the phenomenon of alternation be¬ 
tween mica slate and granite is a singular feature in the 
Geology of this part of Ireland, for the full display of 
which we are indebted to Mr. Weaver. ( Geol. Trans, 
vol. v.) 

The tract of old jocks in the North-Western port of 
France is one of the most extensive in Europe. The 
granite, generally the most elevated, is separated from 
the secondary strata by a system of gneiss and mica 
slutc.and by another system, into which they pass almost 
indefinitely, of clay slates. In the Departments of Cal¬ 
vados and La Mauche these two systems appear ns 
zones around the granite, the gneiss being within the 
clay slate'. Quartz rocks of blue- colour, and pegina- 
. tites with tourmaline, are associated with them,- and 
veins of quartz and granite traverse them. (De Cuu- 
mont, Geol. du Calvados .) 

The granitic masses of the narrow chain of the Pyre¬ 
nees having been uplifted in much confusion, are very 
irregularly bordered ; in several places they are overlaid 
by gueiss and mica slate, but generally by the clay slate 
series. Charpenticr, a disciple of Werner, thinks the 
gneiss of the mountains which border the valley of 
Soulan, so intimately connected by gradation and alter¬ 
nation with the subjacent granite, as to be necessarily 
United therewith into one formation. In many instances 
gneiss and granite are described as alternating in very 
thin layers. In other cases, vast blocks of micaceous 
gneiss of 100 cubic fathoms’ bulk are buried at inter¬ 
vals in granite, always preserving one constant relative 
position or direction of stratu. These arc thought by 
C'harpcntier to be of contemporaneous origin with the 
granite, which passes into them at the sides, and thus 
intcrlaminutes the gneiss. 

Mica slate, in the same manner, is intercalated with 
granite in a great many places, and quartz and felspar 
bands occur in the granite. In many places in the 
Pyrenees the “ granite" contains beds of stratified gra¬ 
nular limestone, (such us in other districts lies in the 
gneiss,) with graphite, talc, fluor spar, mica, horn¬ 
blende, &c. 

The more modern view of these phenomena is that 
they are quite consistent with the doctrine that granite 
is an igneous, but gneiss and mica slate originally 
aqueous rocks, and that in some cases what is called 
granite, is in fact gueiss with the aspect of. granite, de¬ 
rived from a more than usual condensation and greater 
effect of heat, M. Bout!, Dufrenoy, and other writers, 
have proved beyond a doubt the p'owerfnl action of heat 
along the Pyrenean chain, as evinced not only by the 
usual subcrystalline character of the cloy slates, but 
also by # the metamorphism of the chalk into the characters 
of primary limestone, with abundance of metallic and 
granitio veins at the line of junction of the altered 
Gratified aqd the igneous rock. The age of the ertiption 
of granite along this chain is, by observations of Du- 
irenoy, determined to be, at least in part, posterior to 
the chalk. 

It is extremely probable that the same kind of expla¬ 
nation will be found to apply, equally to the alternation 
of granite and slates in Ireland and Cornwall, and to 
the alternations of porphyry and slate in Cornwall. 
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North Wales, and Cumbria, It is to be remembered, how¬ 
ever, that the igneous theory, as it has been termed, does 
not by any means require that all these beds of seeming 
granite should be pronouqped to be altered gneiss, nor 
that the beds of porphyry' should be considered as 
altered clay slate. Alternating igneous and aqueous 
action is perfectly intelligible, and exemplified in modern 
operations of Nature; but certainly in many coses, both 
in Cornwall and Cumbria, it appears the more correct 
view to suppose a gradual and partial rearrangement of 
the materials of the rock, through the long action of 
heat. This would well agree with the indefinite bounda¬ 
ries of the porphyries of Cornwall and Cumbria, which 
often pass by insensible modifications into ordinary 
slate. 

The great central plateau of old rocks in France/rom 
which the Loire, Vienne, Dordogne, &c. '.take their 
source, is chiefly a granitic and porphyritic tract, sur¬ 
rounded by oolitic and carboniferous rocks, but clay 
slates and gneiss rocks appear iu the valley of the Vienne, 
and occupies a large part of the Southern boundary. 
Near Limoges are alternating beds of granite and 
gneiss, and some’subordinate beds of pegmatite and horn¬ 
blende rock; the gneiss passes by ouc variation to granite, 
by another to inica slate. The ranges of the strata near 
Limoges are North-East and South-West, and they are 
crossed by decomposing elvan courses to North North- 
East. Tin veins occur near Vaulry in gneiss as well 
as in granite. Towards the borders of the district the 
gneiss becomes less granitic, more associated with horn- 
hleude slate, and encloses deposits of micaceous lime¬ 
stone. Serpentine lias in this gneiss in many places, and 
M. Cordicr appears disposed, to refer them all to one 
contemporaneous, though interrupted deposit. The peg¬ 
matites and kaolins, which have resulted from them by 
decomposition, of St. Yrieux, form numerous veins and 
strings iu the gneiss and hornblende slates, which some¬ 
times intercalate themselves between the laminee. Quartz 
rock of bluish colour exists likewise in the Black Moun¬ 
tain and elsewhere. Oxidulated iron abounds at many 
points in the gneiss; galena, phosphate of leud, carbonate 
of copper, antimony, and hematite, arc the products of 
the veins. (Desnoyers.) . 

. The most remarkable alterations of secondary lime¬ 
stones take place, according to Dufrenoy, along the line 
of junction with the granitic and porphyritic masses. 
Thus the lias and oolite become metamorphic, and are 
traversed by metalliferous veins, as in Cornwall and 
Brittany, where the slates are metalliferous principally 
in the same situation. « 

After these details of the circumstances attendant on 
gneiss and mica slate at so many interesting points, we 
shall only add some general observations on the range 
and extent of this system of roc](s in other Coun¬ 
tries. Gneiss and mica slate in small quantity occur 
in the Vbsges, and gneiss more abundantly in the Black 
Forest. 

Tire long irregular chain of the Atps contains a vast 
quantity .of gneiss and mica slate, variously extended 
around the talcose granite cores of Mont Blanc and 
St Golhard, from the Mediterranean almost to the 
Danube. 

Deeply buried beneath the valley of the Danube, 
gneisj and mica slate do not reappear around the granitic 
origin of the Carpathians. Their place is supplied in 
this chain by.a Vast deposit of clay slate. 

The primary mountains which encircle Bohemia are 



In central; 
France. 


Other lo¬ 
calities in 
Europe. 



GEOLOGY. 


565 


Geology. on all the Southern half granite. Gneiss and mica 
Ch.iL ^ tlate are stiperadded on the West, and the former rock 
' In particular abounds in the Erzgebirge. The Riescn- 

gebirgb granite is bordered on the North by gneiss, on 
the South and East by mica sl&te, and these rocks are 
associated with granite in the' range which -divides the 
drainage of the Oder and the Elbe. 

These rocks are most extensively spread over the 
Northern parts of Europe, from Copenhagen round the 
Gulf of Bothnia, along the Uralian, chain toward the 
Caspian'Sea and the Caucasus. 

In Ame. In America, Humboldt describes gneiss as less abun- 
rica - dant along the high chains of the Andes than along the 
inferior mountains of Caracas, in Oronoko, Brazil, New 
Spain. It is occasionally auriferous, and contains mica¬ 
ceous, primary limestone. The most considerable masses 
of mica slate mentioned by this distinguished traveller 
are those of the Cordillera of the shore of Venezuela. 
This formation in the Andes is less rare in the North 
than in the South of the Equator. No where, perhaps, 
is the total suppression of mica slate formations-more 
frequent than iu the Cordilleras of Mexico and South 
America. 

The Eastern primary range of North America pdsses 
through the United States from the St. Lawrence to the 
Mississippi in a direction nearly parallel to the coast.'and 
generally 100 miles distant from it. 

Gneiss is the most extensive of the primary strata in 
the Northern States of America,'filling large tracts in 
New Hampshire, Massachusetts, Connecticut, the High* 
, lands of New York, Pennsylvania, Virginia, &c. and the 
Southern Counties. It retains in general its place next 
to the granite, and is often succeeded by hornblende 
rock. It contains deposits of primary limestone, ** cal¬ 
careous sandstone,” and in several places, laminated 
plumbago, adularia, zircon, magnetic non ore. 

It is traversed by veins of granite in Haddam, full of 
beryl, schorl, and other minerals. 

Mica slate is less extensively spread, and occupies a 
narrower course in Massachusetts, Connecticut, the 
Highlands. 

Talcose slates succeed, and granular limestone appears 
in ranges above it in Connecticut, Pennsylvania, and 
Maryland. It is often magnesian or dolomitic in Massa¬ 
chusetts and Connecticut. 

Quartz rock occurs in the Western part of Massa¬ 
chusetts. 

Slate System. 

Inversely It may be taken as a general rule that the two sys- 
proportional terns of rocks which compose the primary strata are 
eneiss and * nver8e ty proportional to each other. Countries which 
mica schist, “bound with gneiss and mica schist are indeed seldom 
quite devoid of clay slate; but they also seldom contain 
it in great quantity. On the contrary, where clay slate 
is extremely abundant, gneiss and mica slate are less ex¬ 
tensively developed. This is at least very much the case 
in the primary mountains which surround and diversify 
the basin of Europe. 

In Scotland the Grampian ranges, and, in ikct,‘ all the 
Northern primary strata of that Kingdom, are princi¬ 
pally composed of mica schist and gneiss, while day 
slates prevail almost exclusively in the Southern chain 
■ of the Lammermuir and Galloway ranges. ’ As before 
• observed, the mica slate Bystem in Ireland is distinct from 
the cloy slate tract. The Cumbrian granitic rocks are 
surrounded by clay slates in great plenty and variety 


but there is little gneiss or mica slate. The same is Geology, 
observed in ’the large primary tracts of Wales, Devon, t!> . II. 
and Cornwall, and it is a characteristic feature in the ''•"■"v - *"- 1 ' 
Geology of the Harz. 

For the purpose of clearly unfolding the relations of Cumbrian 
the various argillaceous, calcareous, and conglomerate "V 1 ' ,li ** 
rocks which compose the vast and variable mass of the ,rlc, ‘ 
clay slate system, it is desirable to fix our attention upon 
some district where the variety of the rocks is consider¬ 
able, and the order of succession is perfectly known. 

Such is the district which overlooks the Northern Eng¬ 
lish lakes. We shall, therefore, describe it as a type of 
the clay slate system, and refer to it as a constant term 
of comparison. 

The granite of Skiddaw is covered by gneiss and 
hornblende slates. The latter rock gradually changes 
to the chiastolite slate and other argillaceous slate of 
Skiddaw. The argillaceous slates here commencing 
form a series of three members, distinguished by their 
mineralogical characters, and a constant order of succes¬ 
sion. See pi. i. fig. IS. 

The lowest slate rocks of the system range 'to the Dork lowest 
South-West from Skiddaw and Saddleback by Grisdale ******* 

Pike to Dent Hill, filling the valleys of Derwentwater and 
Crummock water. South-West of Buttermere, they are 
concealed by the elevated ranges of High Steel and Red 
Pike, but reappear in the lower parts of Ennerdale, and 
abut against the limestone border near Egremont. 

The slate of this district is generally of a dark bluish 
colour, and of very uniform texture, soft, fine-grained, 
and very fissile, and has been employed in the vicinity 
of Keswick and Ilesket Newmarket for roofing houses ; 
but for this use it is not very suitable, for it easily 
perishes in the atmosphere. In consequence of its 
want 'of durability, the mountains of this slate have 
smoother contours, moro uniform slopes, and a more 
verdant surface than those of the following series. 

In one point on tha South-Western edge of Derwent¬ 
water we have observed an undulated variety of this 
slate of paler colour and more shining surfaces, indi¬ 
cating an approach to the nature of chlorite slate. 

Chiastolite is imbedded in the lower part of the rock in 
Skiddaw and Bowscalc Fell. Where this slate shows 
itself by the sides of the lakes, its lamime appear to be 
generally vertical, and often fiexuous. Veins of quartz “ 
are frequently seen penetrating and intcrluminating its 
masses. In several places they yield abundance of lead 
ore ; and in the district called Newlauds, abundance of 
carbonate of copper, and some cobalt. Mr. Otlcy states 
that the lead veins run North and South, and those of 
copper East and West. Steatite is found in Borrow- 
dale, and mixed with the slate in Martindale. Two 
salt-springs have been detected in it near the upper end 
of Derwentwater. 

These rocks, sloping 'to the South-East and North- 
West from Skiddaw and Saddleback, aYc covered by 
the middle system of slates. These are- best deve¬ 
loped on the South-Eastern slopes, and occupy a long 
range of mountains parallel to the Skiddnw states, in 
those highly picturesque and romantic valleys wherein 
the lakes of Ulswater, Huweswater, Thirlmere, and Wast- 
water, spread their beautiful waters. 

The lowest rock belonging to this system is a red, 
argillaceous, fissile stratum, abundant in the Eastern 
shores of Derwentwater, especially about Barrow and in 
St John’s Vale, in both localities resting upon the 
Skiddaw slate. 
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It is a very singular rock, characterised universally by 
its mottled colours, and apparently heterogeneous com¬ 
position. Its first uspect reminds us of on old red 
sandstone conglomerate, but on closer inspection the 
seeming certainty of its breccia!ed character vanishes; 
the seeming fragments of which it is composed appear 
to he scarcely more than colonr spots, and we leave the 
rock very undecided as to its origin. In some cases, 
however, it must be owned, the .appearances of aggrega¬ 
tion are very difficult to withstand. It is distinctly stra¬ 
tified, with dip to the South-East, and is of considerable 
thickness. Its pervading tints vary from bright red to 
purple, and in proceeding tip Borrowdule, rocks succeed 
in the same geological position, at first blue, and after¬ 
wards greenish, while the Reeming-conglomerate aspect 
becomes less distinct, the spotting is smaller, the hard¬ 
ness greater, the rock splits vertically, and becomes, in 
fact, a coarse green slate. Amidst the numerous varie¬ 
ties which succeed, we perceive about the Bowder stone 
some remarkable laminated beds, with tulcose surfaces, 
and varieguted with nodular concretions of calcareous 
spar, green earth, and differently coloured quartz or 
caleedony, having altogether very much the aspect of 
amygdaloid. This peculiar slate, which seems to indicate 
the united agency of water and great heat, dips in the 
same direction as the red rock of Barrow, and thus helps 
to prove that in this tract the vertical- cleavage of slate 
is transverse to the lines of deposition. It appears to 
harden and change character in Wallow Crag. There 
are, perhaps, repetitions of this remarkable rock in other 
parts of the slate systems, since it occurs sit the upper 
end of Ulswater, in Helm Crag, Loughrigg, and oilier 
points about Grasmere and F.ltcr Water, iu Ulpha, and 
other places. But it is possible that these may .be the 
same beds; a conjecture supported by the fact, that red 
rocks, like those of Barrow, lie beneath them at Gras¬ 
mere. And, indeed, in Helvetian and other mountains 
we see tile coarse slate rock vary, through all appear¬ 
ances from amvgdaloidal slate to fragmentary grey- 
wacke, and this again assuming more regularity, re¬ 
semble clay porphyry, from which its uncrystalline felspar 
and recurring fragmentary structure do nut always 
clearly distinguish it On the other hand, we see the 
coarse rucks of Ilorrowdale and Putterdale lose their 
spotted aspect, become more uniformly green, more re¬ 
gularly fissile, and change to the fine-grained green 
slates of Langdale and Coniston Fells, or (he pale grey 
rocks around Grasmere, or the “ rain spot” slate of White 
Moss. 

Greenstone rocks are variously-associated with this 
system of slates, sometimes in the state of dykes, sorpe- 
times os overlying masses, particularly about Keswick. 
The sienitic rock of Red Pike, Scaleforce, and Wast- 
dale, which seems to come up through the lower slate, 
ramifies its masses through aud over these rocks. Red 
porphyry dykis divide them on Armboth Fell; large 
masses of red and dark porphyry with garnets, lie ou 
their lower portions in St. John's Vale; and if the slate 
of High Pika belongs to this system, the ielspathic (or 
elvan?) compos there known, may be added to more 
massive accumulations of igneous products which border 
Thirlmere Lake. The sienites and hypcrsthencs of Car- 
rock Fell, aud the granitic tracts of Wastdale and Devock 
Lake, must probably he viewed as rising upwards from 
below the whole series, and spreading,on the surface of 
the strata of slate. 

The minerals which this district yields are rather 


numerous than valuable. The veins are generally Gkotogy. 
quartzose. A great variety of lead spars, sulphuret and ^ '. 
carbonate of copper, with galena, pitchy iron ore, wolfram, 

&c. arc found in Caldbeck Fells, among the slaty and 
sienitic rocks. Galena has been worked in Grisdaie, 
(Ulswater,) copper ores at Coniston and in the lower 
beds in Newlands, plumbago in Borrowdale, micaceous 
iron ore in Eskdnle, &o. 

In consequence of its auperior hardness, and its fre¬ 
quent association with igneous products, the green slate 
mountains assume bolder forms, present more loft-y and 
rugged peaks, and more inaccessible precipices than the 
softer slates of Skiddaw. For the some reason, the 
streams instead of furrowing the smooth slopes iu 
straight courses arc twisted about among the unyielding 
rocks, and broken into udmirable cascades. 

The region of green slate is rather indefinite toward Dark lime- 
the South-East, where it is overlaid by the uppermost atone, 
series of greywacke slates. Perhaps it may be best to 
adopt as the conterminous line, the narrow course of 
dark calcareous slate (“transition limestone’’) which 
passes from Long Sleddale by Low’Wood Inn and Win¬ 
dermere Mead to Coniston Water Head aud Broughton 
Mills. This rock contains organic remains, ascaryo- 
phyllia, millcpora, producta, spirifera, orbicula; but ge¬ 
nerally in so imperfect a state of conservation that their 
specific characters are very obscure. - The calcareous 
layers alternate with layers of slate of the same colour, 
and are with difficulty distinguished from them. Their 
dip is usually very rapid. 

Above this regular band of limestone lies a thick Upper - 
scries of rocks, containing several varieties, all capable 
of being ranked as greywacke. The lower rocks, very 
dark in colour, arc frequently quarried for slate, (Brough¬ 
ton, Ulversloue, &c.) occasionally for flagstones and 
tombstones, (near Ilawkestone, crooks of lime, &c.) 
which are sometimes parallel to the stratification. 

(Otlcy, Guide to the Lakes.) In the longaberrant range 
af slate ruqks beneath Ingleborough and Penygaut, 

■ (Geol. Trans.) dark slate of similar aspect rcuppears 
in Clapham Dale, and -between llibblesdale, aud fur¬ 
nishes enormous tables of slate with nodules sometimes 
formed round lituites, ill the nearly vertical partings or 
cleavage. At Ingieton the greenish slate seems rather 
. referable to the middle slate system. 

Above the dark uniform slates previously described 
lies a system of more micaceous and more granular 
rocks; which extend to the South-Eastern border of the 
primary district. They are of two kinds : 1. fissile with 
micaceous parthigs parallel to the stratification, some¬ 
times reddish, and appearing to resemble, certain lami¬ 
nated red sandstones. 2. Granular, not fissile, with 
disseminated mica. These varieties may bp observed 
frequently alternating in the country North of Kendal 
and about Kirby Lonsdale, and present the most striking 
analogies to arenaceous freestone and micaceous flag¬ 
stone. In the upper part of this system (near Kendal 
end near Kirby lxmsdale) lie layers of shells, or rather 
casts and impressions of shells of the following genera : 
orthocerSs, patella, trigonia,. plagiostoma, pecteii, gry- 
pheea, turritella, mclunia, spirifera, terebratula. {Grot. 

Trans.) 

A very remarkable feature in the region of tins upner (;i,. uvn g e 
slate series,- is derived from the uncommonly crystalline «>f slate, 
aspect of tlie rock on a large scale. The numerous . 
joints intersecting one another at acute angles, and rang¬ 
ing with admirable precision- for a hundred yards or 
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more, divide the face* of the hill* into long ridges of 
smooth,rhomboidal rocks, alternating with parallel heathy 
or grassy hollows. This is probably the reason of the 
peculiarly rough and knotted appearance of many hills 
of this tract. It is difficult to resist the’belief that this 
is owing to a real crystallization, and that slate is a 
crystalline rock with definite angles and regular cleav¬ 
age. But on pursuing the inquiry it will b.e found that 
the parallelism of external joints and internal cleavage 
is a phenomenon of a different kind from geometrical 
crystallization, not produced in consequence of an origi¬ 
nal equilibrium amongst the particles, but from symme¬ 
trical consolidation of the mass, exactly as the cuboidal 
blocks of oolite, the rhombs of shale, and prisms of 
basalt have been formed. 

Among the common appearances of cleavage is that 
represented in pi. i< fig. xiv. where differcut layers 
(strata) of slate are qleavable at diirereul urigles of inci¬ 
dence. 

It will be difficult to put the slates of Scotland in 
comparison with those of Cumberland, as they are defi¬ 
cient in limestone. In general terms it may be said, 
that the dark pyritous slates of Argyleshire and the 
West of Scotland seem analogous to those of the lower 
Cumberland group; but those which constitute the 
Lnmmermuir and Dumfriesshire mountains have the 
characters of the greywackc system. 

Mr. Weaver describes the slate which borders the 
.granitic tracts South of Dublin, as alternating with green¬ 
stone and greenstone porphyry, end enclosing clay slate 
conglomerates. 

In Windmill Hill, Mr. Weaver describes several al¬ 
ternations of a granular feispathic rock with the clay 
slate. And in the mountain of Croghan Kinsheln, in 
the space of 630 fathoms, are eight principal beds of 
alternating granite and clay slate, besides several of 
granite and clay slate mixed, and four of clay slate and 
greenstone. 

Clay slate and quartz rock ore likewise seen in fre¬ 
quent alternation on the Eastern coast of Ireland, and 
thus remind us of the similar rocks in Anglesea. No 
organic remains have been found in these tracts; but 
Mr. Weaver describes the occurrence of fossil plants per¬ 
fectly analogous to those of the carboniferous rocks in 
coal seams of the South of Ireland, supposed to be in¬ 
cluded in the greywacke slates. 

In the Isle of Man, Mr. Henslow is inclined to con¬ 
sider in one instance the cleavage and stratification coin¬ 
cident. Elv&n dykes and granite veins divide it. 

In Wales, according to Professor 'Sedgwick and 
others, the slate system between the old red sandstone 
and the granite presents the following general, charac¬ 
ters in a descending order. 

1. Greywacke containing, in a state of considerable 
developement, several divisions, calcareous, arenaceous, 
and shaly, with organic remains, in considerable num¬ 
bers and variety. (Buallt, Llandilo.) The layers of 
the upper part of this'rock conduct us by an easy 
transition into old red sandstone. 

2. The great slate formation, containing in all its 
parts indications of mechanical origin. Detached de¬ 
posits of limestone. 

8. A vast group, differing 6am the ordinary character 
of the Welah mountains, in containing a very large pro¬ 
portion of felspathose rocks of porphyritic structure. 
Of this the mountains of Snowdonia are probably the 
lowest portion; they contain organic remains. 


4. A group of slaty rocks described by Henslow in Geology. 
Anglesea, consisting of chlorite and mica slates, nnd D- 
.quartz rock. —•>v-*"- 

Nearly all that is valuable in the Geology of the slate 
system ot Wales is due to Henslow's description of An¬ 
glesea, Sedgwick’s labours in Snowdonia, nnd all its 
intricate dependences, and Murchison's recent nnd 
detailed investigation of the Sonth-Kast portion of the 
district from Shrewsbury to the month of the Tuwy. 

The results pf this friendly partition of lulxmrs have been 
eminently successful; while in the North-Wifsturu dis¬ 
trict the general inferiority of position of the chloritie 
nnd micaceous schists to the'whole clay slate system of 
Wales is clearly proved ; the true place of the Suowdn- 
nian shells fixed in the very lowest portion of the rlay 
slate; the extent and effects of subterranean convul¬ 
sion and intrusion of igneous rocks, very fully pointed 
out: these phenomena have been linked by discoveries 
ou the other side of the region into a complete system 
of slaty deposits. The greywacke series on the South- 
East border, described by Mr. Murchison, fortunately 
presents a series of phenomena, deficient or not clearly 
separated in the slate district of Cumbria,—a vast number 
of organic remains, lying in distinct groups, a series of 
distinct members of the greywacke, which these fossils 
appear to characterise, limestones of different ages 
which clear up the difficulty, always felt hitherto in 
fixing the true relations of the limestones of Dudley nnd 
Llandilo ; and, finally, ancient Plutonic operations ac¬ 
companied by elevations and alterations of the strata. 

We may now, upon sufficient data, affirm that the Welsh 
and Cumbrian series of slates presents a nearly com¬ 
plete record of all the principal deposits, with their 
characteristic organic remains from the gneiss and mica 
schist upwards to the carboniferous system ; and, as these 
slates graduate below into the mica schist system, ami 
above into the old red sandstone, to show a continuity 
of murine operations in a part of the geological scale of 
periods where formerly was an utter blank. Mr. Mur¬ 
chison finds the greywacke series divisible into six 
groups, in the following descending ordef, all ranging 
North-East and South-West. 

The first group, below the old red sandstone, is ntjrmipsin 
series of thin-bedded arenaceo-calcarcous strata, 1000 the upper 
feet thick, abundant in the neighbourhood of Ludlow, H 
and stored with brachiopodous bivalves of the genera ” 1 . 

tercbratula, slrophomena, lepttena, and orlhoccras; 
and trilobites of the genera homonolotus and cnly- 
mene. 

The second group is limestone 100 feet thick, in its 
upper part interlainiuated with the superior beds, and be ¬ 
low resting on shale. It is identical with the celebrated 
limestone of Dudley, contains nearly all its well- 
known iossiils, and ranges in a continuous escarpment 
for many miles North-East and South-West, hut 
grows thinner continually to the South-West, so that 
in the prolongation of the strata parallel to the South 
Wales coal fields this interesting rock is nearly ex¬ 
tinct. ' 

The third group is the dye earth of Shropshire, 
which was once supposed to overlie the Dudley lime¬ 
stone. It is, perhaps, 2000 feet thick, and is made up 
of incoherent, greyish, argillaceous, sometimes micaceous 
schish The higher strain are in some places charged 
with many orlhoccrata, lituites, asaphus caudutus, &c 
Other beds are locally distinguished by concretions of 
argillaceous limestone formed around corals and other 
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organic bodies; and toward the base of this deposit 
i ^ - a thin, calcareous zone is observed in Shropshire, con¬ 
taining the pentamerus leevis, Sow. and a new species of 
that bivalve. 

n The fourth group is ah arenaceous sandstone series 
of various colours, chiefly red and blue; calcareous 
bunds arc associated with the sandy struts, almost made 
up of product®, leptsente, and spirilerae, with criuoidal 
remains, all of species peculiar to tin’s group. Thickness 
1500 or 1800 feet. 

The fifth group consists principally of black shale 
enclosing beds of greywacke, flagstone, or calcareous 
slate, which, prolonged to the South-West, join them¬ 
selves to the trilobite beds of black limestone and cal¬ 
careous flagstone at Llaudilo, and thus establish the 
distinctive relations of that rock to the Dudley lime¬ 
stone. The thickness of this group probably exceeds 
that of any of those mentioned above. 

. The sixth group is a vast deposit several thousand 
feet iri thickness, consisting of red, coarse, quartzose 
conglomerates, schistose beds, and purple-coloured sand¬ 
stone. No organic remains have been yet observed in 
this group. 

Below all these comtfs the great slate formation with 
detached masses of limestone, also ranging North-EaSt 
and South-West, as about Bala lake. 

Chamwood In Charnwood Forest the sienitic rocks are followed 
Forest. l,y clay slates of different kinds, compact and coarse, 
soft and silicious, green or dark coloured. 

Cornwall i n Cornwall and Devon the order is, 
amlDsvon. | < Greywacke, with calcareous slaty beds sometimes 
containing organic remains, aud detached deposits of 
limestone. 

2. In two places a serpentine formation, which, in 
the Lizard, contains diallage rock, talc slate, hornblende 
slate, and mica slate, appear to occur beneath the grey¬ 
wacke. Its relations are obscure, but it is superior in 
position to the following formation. 

3. The great formation of metalliferous slate (killas) 
with many subordinate beds of greenstone, felspathic 
slate, &c. It is traversed by granite veins, and is said 
to alternate with granite. 

Dr. Boase, in his recent Work on the Geology of 
Cornwall, arranges the schistose rocks of Cornwall in 
two groups, the upper of which is associated with black 
calcaroous slates, and the lower much interlaminatcd 
and mixed with porphyritic masses, curites, quartz 
veins, &c. At its junction with the .granite, the killas 
is frequently intermixed witli granite veins, and is altered 
in some respects so as to lose, in part its fissility, 
and to be described by the miners as “ Elvanny Kil- 
las.” 

The general impression concerning the schistose racks 
of Cornwall is that their mineral composition is a mix¬ 
ture of quartz, felspar, and mica; aud so, probably, is 
that of most days and shales. 

The extensive deposit of serpentine of the Lizard is 
seen in several places to rest upon and alternate with 
greenstone and porphyry, in others to rest upon green 
talc nr clay slate. At Coverach are rocks of various tex¬ 
ture, in some measure intermediate between serpentine 
and diallage rock, which, suggest important reflections 
on the relation of this beautiful rack; and, in the same 
place, the greenstone abounds with diallage, and contains 
likewise titaniferou9 oxide of iron. Veins of steatite 
divide the serpentine, and are thought: by Sir H. Davy 
to be derived from decomposed felspar. Dykes of 


sienite, and saussuritic diallage rack pass through the Geology* 
serpentine. . Ch. If. 

The clay slate deposits of Brittany are said to resem- 
ble those of Cornwall. Very similar serpentine occurs 
there, and in addition ogygis, calymeue, euomplmli, aud 
posidonise., ” . 

Two-thirds of the area of the chain of the Pyrenees- 
is composed, of day slate, which appears to exhibit 
varieties of texture and aggregation like those described 
in the Cumbrian district, with the exception of the 
coarser kinds being dark green, micaceous, or granular, 
aluminous or silicious. Frequently these slates alter¬ 
nate in very thin layers with limestone, iu which case a 
number of calcareous fibres crossing the slate, but not 
the limestone, give the mass the peculiar appearance of 
schiste riibanne ; limestone abounds with this slate series, 
and is either compact, slaty, or granular. It contains 
crinoidal and zoophytic fossils, “ ammonites,'’ and a few 
other shcliH, and some are found in the alternating 
slates. Anthracite in small quantities is mixed with the 
slates, quartzose, felspathic, and greenstone rocks alter¬ 
nate with them. Most pf the metallic products of the 
Pyrenees are found in the clay slate system. (Charpen- 
ticr.) , 

The Ardennes mountains, which cover so vast a tract Ardennes, 
in France, Luxemburgh, and the Rhenish Provinces, 
and which support the’ volcanic products of the Eyfel 
volcanos, arc mostly composed of greywacke slate 
analogous to the upper part of the Cumbrian system. 

Good roofing slate is not common iu this tract. Re¬ 
mains of ferns, like those of the coal beds, of product® 
and encrinites occur in it. 

Organic remains are not very rare in this formation Rhine 
on the banks of the Rhine. In the valley of Nieder- valley, 
luhnstein we found the greywacke slate ricli in fossils, 
among which spiriferse were most numerous. The 
.lower part of the slate, series of the Rhine appears to be 
the most quartzose, and it will be found occasionally 
difficult to say whether a particular rock should be 
Called greywacke, or quartz rock. 

The slates of the Harz contain product®, calymenc Harx. 
tristani, posidouia becheri, &c. 

• The slate system of Scandinavia presents a general Scandiua- 
analogy with that of Cumberland. In its upper part via. 
are black limestones in nodules or beds alternating with 
slate aud containing trilobites of the genera paradoxites 
and agnostus, and orthoceratites. 

The group of the Tarentuise, referred by MM. Bro- Tarentoise. 
chart and De Buch to the age of transition rocks, is 
very dissimilar from the general character of the depo¬ 
sits of that period. Consisting of granular and talcose 
limestones, gneiss, and mica slate, it may be compared 
to the earlier primary rocks, while the organic reniaius 
sometimes found in it, and the coarse greywackes which 
belong to it, unite it to the latter period of the system. 
(Humboldt.) Similar, remarks are applicable to the 
metaniorphic strata of the Valorsine, and perhaps, in 
both cases,'the peculiarity of asbect is much dependent 
on the local influence of heat derived from the neigh¬ 
bouring granitic masses and veins. 

Clay slate is ihc lowest rock in North America con- North 
t&ining organic remains, which are always of marine America, 
origin, and it rests immediately upon granular lime¬ 
stone. These remains are extremely rare: braehiop j- 
pous bivalves and orthoceratites are found at Troy. This 
rock may be traced over a space of two thousand square 
miles in the Counties of Saratoga, Schenutady, Albany, 
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ecology. Rensselaer, anil Columbia. It extends into the Western 
Ch. 11. margin of Massachusetts, and there rests immediately 
‘ on granular limestone. (Eaton.) Its lamincc cross 
the planes of deposition as in the slates of England, and 
all the accidents to which the European slates are sub¬ 
ject are repeated in America. It is silicious- about 
Hudson's. Clay slate is not extensive in South Ame¬ 
rica. 

Tramition Limestone. 

Analogous The limestones associated with clay slates are almost 
to older universally known to Geologists by the name of Transi- 
prunnry tion Limestone, a term which we think liable to little 
ime.tuiiBS objection, even by those who reject the title of Trans¬ 
ition Strata, as applied to tie whole or any consider¬ 
able part of the slate system. These limestones arc 
usually, as in Norway and Cumbria, of u very durk 
colour, fetid when struck, and more or less associated 
l>y alternation and gradation of characters with the 
slate rocks; or they are mere calcareous slate, as in 
some parts of South Wales; or they form considerable 
rocks, as in the Eifel, at Dudley, in Shropshire, and He¬ 
refordshire. There are also in North Wales and Devon¬ 
shire portions of limestone more analogous in character 
to tiie primary limestone, and like that very limited in 
extent, appearing like huge, ellipsoidal concretions 
wholly enveloped in slate. These latter, like primary 
limestone, arc generally deficient in organic remains; 
they appear to range parallel to the original planes of 
stratification in the slate, and may thus eventually be 
found of great use In subdividing that thick system of 
deposits They may lie considered as generally, per- 
haps universally, more ancient than the more connected 
range of limestone and calcareous slate with organic 
remains. It is in the upper part of the slate scries in 
South Wales, Herefordshire, and Cumberland, that the 
limestones with organic remains are found, 
by itioman- But even the most connected portion of this upper 
a-cum via transition limestone is liuble to so great alteration of 
iiun."" 1 quality and variation of thickness as to present some 
points af analogy to the earlier. calcareous deposits. 
From very thin and unimportant traces above the Vole 
of Towy, the uppermost limestone swells out to a consi¬ 
derable thickness in Herefordshire, Shropshire, and Dud¬ 
ley, and the number of organic remains varies in the 
same proportion. About Ludlow the thinner beds of 
this limestone occur principally in nodules united with 
much shale, both containing orthoceratites, trilobites, 
&c. Even amongst the thicker beds of the limestone 
rock, Mr. Murchison has recognised the same remark¬ 
able tendency to ellipsoidal concretions. 

The transition limestone of the Hartz presents two 
considerable independent masses, enclosed between 
conformed strata of greywackc. Near Rutslau, East of 
llie Brocken, it abounds in madrepores, which, however, 
are chiefly rendered visible by decomposition of the 
rock. This character also obtains in much of the dark 
limestone of Norway and of the Cumbrian lakes. The 
laminated limestones of South Wales and the Eifel, are 
of n lighter colour, and generally associated with shales 
and grey or reddish sandstones, such as usuallybelong to 
the top of the slate series. The fossil remains of these 
situations are pi consequence usually well exhibited on 
the surface of the beds, when, cither naturally or by 
chemical or mechanical means, these surfaces can be 
cleared. (M. de Bonnard, in De la Beche’s Memoirs.) 

As on the one hand “the irregularity and frequently 
VOL. vi. * 


nodular character of the limestones associated with slate, Ooolugy. 
present a curious analogy to the older calcareous rocks t'h.ll. 
of the gneiss and mica slate system, so the upper fossili- '-"‘v——' 
ferous limestones ot the slate, have often a special Analogous 
resemblance to the mountain limestone of the succeed- •*> the newer 
ing epoch, both in mincmlogical character and organic - 

remains. Judging from specimens only, and from an ^ae" 10 ' 
imperfect view of the English ami Belgian series of ’ 
strata, many Continental Geologists have been unable to 
discriminate between our transition and carboniferous 
limestones. Their conclusions on this point appear to 
have been sometimes influenced by the fact that trilo¬ 
bites and orthoceratites, as well as many encrinites, occur 
in both these rocks. Nevertheless they are really ami 
permanently distinct, ntid their organic remains belong 
undoubtedly for the most part to veTy different species, 
and present altogether perfectly characteristic groups. 

No English Geologist can for a moment, hesitate to but distinct 
distinguish the fossils of the transition limestone of from Mh 
Malvern and Dudley, on the one hand, from those of *“ K'lglaud, 
Derbyshire and Flintshire on the other, nor should St ’’ 

. it be found difficult to separate in like manner the trans¬ 
ition limestone of the Eifel from the carboniferous 
limestone ofNatnur. Both it is true arc contiguous to 
slate, nor do they occur superimposed in one section ; 
but the Namur limestone ties on the grcywacke of the 
Ardennes, that of the Eifel is enclosed in it, and forms 
really a part of the slate system, as much ns the lime¬ 
stone of Christiania, Cumbria, and Caerrnartheushire. 

One principal reason of the confusion among Continen¬ 
tal writers on the subject of these calcareous deposits 
in England, is the-almost universal deficiency of the true 
carboniferous limestone beneath all the coal fields of con¬ 
tinental Europe, except those of Mons, Namur, Liege, 
Dusseldorf, &c. 

Finally, we must repeat the remark formerly made, 
that all the hard lines of distinction, which for conve¬ 
nience we draw across the scale of strata, may be 
locally exact and defined, but vanish on a more ex¬ 
tended comparison of distant localities. The lime¬ 
stones of the slate system, generally, appear to connect 
the oldest calcareous rocks of the gneiss w ith the com¬ 
paratively modern limestones of the coal measures. The 
greywacke slates which enclose them arc also so much 
changed from the type of clay slate, as to assume very 
nearly the aspect of sandstoues and shales, frequent in 
the carboniferous system ; and thus, both by analogy of 
fossils'and gradation of mineralogical characters, we 
are led without any startling chasm from the primary to 
the secondary strata. 

Moved by these considerations, some eminent English The whole 
Geologists appear disposed to unite together the carboni- Jj 1 ™* 
ferous system and the transition limestone group, and in stl . n) 
some cases this may be a very convenient mode of arrange¬ 
ment ; hut tried by general comparisons it r.eeins to 
offer no special advantage. For, by the same rule, we 
ought certainly to form but one class of rocks from the 
gneiss to the new red sandstone, since it cun be most 
clearly proved that, in all this vast series, alternations 
and gradations prevail; but further, we should by rigor¬ 
ous extension of this mode of classification, have no 
division at all from the gneiss to the tertiary strata. I n 
fact, it is already certain that the whole series of strata is 
a consequence of repeated actions ot the sunie causes^ 
under modified circumstances, and the classification ot 
the strata must be left in a great measure to the modera¬ 
tion and local convenience of the cultivators ut ‘.eulogy. 

4 v 
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Geology. Tliere is little doubt that the line here drawn between 
Ch. II. t] ie gjate system mid the carboniferous system may be 
easily recognised throughout Europe; and if in some 
cases the upper slates assume the aspect of sandstones 
and shales, and even contain traces of coal and plants, 
such as usually occur above, and the two setsoflimeslones 
thus divided resemble one another in certain mineral 
characters and organic remains, this ought not to sur¬ 
prise us, for it is a part of the general process of Nature. 

To these remarks we shall only add a short connected 
view of the sequence oflimestones in the whole primary 
period, according to our notions of their affinity, placing 
them in a descending order, with their alternating 
strata. 

a. Arenaceous, calcareous, and argillaceous strata containing 
organic mnuin*. 

1. Tbo limestone of Dudley, Ludlow, Herefordshire, full of 
organic remains. 

rDie earth of Shropshire, containing organic remains and 
. I calcareous concretions. 

' | Arenaceous strata with organic remains and calcareous 
v hands. 

2. Llanrlilo limestone, associated with black shales, both con¬ 
taining tnlobitea and other fossils. 

c. Upper greywueke slates of Westmoreland, containing or. 
Iiiculm, orthoeoratn, and other organic remains. 

3. Black slaty limestone of Westmoreland, with cyathophylla, 
millepora, orbiculu, but hitherto no trilobitcs. Probably 
the limestone of Okehampton in Devonshire, and that 
of Bala in North Wales. 

il. Slate rocks. 

d. Detached limestones of North Devon and North Wales. 

| e. Shite rocks, rarely containing a few shulls. 

f (’liloritic and micaceous schists of the Grampians. 
f>. Crystalline limestone of f.och Kuril, Inverary, Dttlmally, no 
organic remains. 

(Ililoritic nnd micaceous schists. 

Jlica schists anil gneiss. 

6. Crystallised limestone of Glen Tilt, Strathfillan, Glen Croc, 
no organic remains. 

Ii. Gneiss, mica schist, Ac. 

General Conclusions concerning Primary Strata. 

The general system of operations disclosed to us by 
an examination of the primary strata, presents the fol¬ 
lowing leading points. 

I. The lowest rocks which we can trace, those upon 
which the vast accumulations of stratified rocks rest, 
are such as from all their characters appear to have 
been produced by igneous agency. These granitic, 
hypersthenic, &c. rocks are crystallized like the products 
of fire, composed of minerals like those observed to be 
generated by heat, and combined in a very similar man¬ 
ner. They show no action of water, cither chemical or 
mechanical, nor contoiu the reliquiae of living beings. 
The almost universal extent of these rocks, combined 
with the. abtindunee of their disintegrated materials in 
the older strata, proves the great extent of the igneous 
agency developed in the earliest eras definable by Geo¬ 
logists. 

of The same inference of a pervading and powerful de- 
velopement of heat in those early periods, may be safely 
drawn from a consideration of the generally high degree 
of solidification among the primary strata, and their 
frequent though imperfect crystallization. There is 
little doubt, or rather the Geologist of sufficient ob¬ 
servation considers it a matter of certainty, that the crys¬ 
tallization of primary limestone, the conglutination of 
gneiss and quartz rocks, and the rhombotdal fissures of 
slate, are due to the same cause as the conversion of 
chalk into such limestone, the induration and semifusion 
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of sandstones, and the prismatizing of shale by the Geology, 
action of basalt, and by the heat of a furnace; and it is 
certain from various facts that these characters were uc- ’ 

quired by the primary strata before the formation of any 
member of the secondary rocks. 

If. Possibly this great and continuous heat beneath the organic re- 
ancient beds of the Ocean, may be admitted as a reason mains ab¬ 
ler the paucity of animal and vegetable life during the sent from 
primary epoch. The fact, however, is that among the th ? lowei,t 
older of the primary strata the remains of plants and 
animals do not occur; and it is probable that the living ’ 
wanders of Nature were not then in existence. It is, 
indeed, maintained that such remains would be wholly 
destroyed in the rocks by the operation of such a heat, 
and this opinion may be supported by many strong 
analogies. But as marine organic remains do occur, 
though rarely, in the midst of the slate group, (Snow¬ 
don, Tintagcl,) and become numerous in and near the 
calcareous bands of the upper portion of that series, it 
appears safer to admit that the heat, or some other un¬ 
known condition of this early period, was unfavourable 
to organic existence in the sea. It seems almost de¬ 
monstrated that at this period there was very little dry 
land raised to the surface of the Globe ; for all the pre¬ 
sent Continents were certainly uplifted at subsequent and 
successive epochs, and therefore land plants could not 
be abundant. 

III. But in proportion ns the igneous agency found become fre- 
veut, in the same ratio as the. mountains were uplifted, cjuent in tho 
we find the organic reliquiie of the sea and of the land u l , l ,ur - 
imbedded iu greater abundance. The plants indeed 
imbedded in coal strata associated with tire upper part 
of the slate series (if really belonging to this system) 
are local deposits, and not at all to be compared in 
quantity with several accumulations of later date; but 
this is also in exact accordance with what is known of 
-the relative extent of land ut the different epochs. 

It may be objected by those who see in the ancient Objections 
effects of Nature nothing but the result of the present to this by- 
measure of natural operations, that two-thirds ot the P° ,hesis 
Globe are now covered by water, and that the depression col ' B ‘ ,,LroJ- 
of one large tract may have corresponded to the eleva¬ 
tion of a smaller, and that remains of plants and ani¬ 
mals may occur in the submerged portion of the crust 
of the Earth, of higher antiquity than any of our ele¬ 
vated strata. This may be true ; and it may also be true, 
as some persons suppose, that stratified rocks full of 
organic remains occur beneath the granitic floor ; but a 3 
neither of these hypotheses can be proved or even 
examined, they must remain os mere speculation. 

But it may also be objected that the whole force of the 
argument as to the non-existence of organic beings in the 
earliest primary periods, goes upon the supposition that 
the primary strata of the same kind are all respectively of 
the. same age, which demands the admission of almost 
universal formations; and this can never be allowed by 
those who adopt the existing measure of the effects of 
the natural agencies employed on the Globe, as a stan¬ 
dard for all past periods of time. 

No formation now in progress has more than a very 
limited area and a local character; but this very fact is 
decisive against the doctrine of the uniform rate and 
constant momentum of the several agencies of Nature; 
for no one can consider the wide strata of the chalk and 
oolite, and the still more expanded saliferous rocks, with¬ 
out being struck by the contrast between them and what 
we know of the varying bed of the actual seas. But 
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Geology. these systems of strata, extensively as Uiey arc spread 
Ch. II. over jj lc t )as jn 0 f Europe, appear, when contrasted with 
w v w the primary strata, mere local deposits. If all the cha¬ 
racteristic mountain ranges of the World show them¬ 
selves composed of these strata, and furnish proof of 
the superior antiquity of these strata to those which 
surround the mountain slopes; and contain, though 
rarely, organic remains which do not exist among supe¬ 
rior rocks; if, in short, these latter have the characters 
of nearly contemporaneous and comparatively recent 
origin, and the others of nearly coeval ancient dale; why 
are we to reject the plain and obvious inferences from 
these facts, in order to embrace a narrow speculation, 
which, by fettering the mind to the results of observa¬ 
tion on divided seas, low temperatures at the surfuce, 
and diminished heat within the Earth, refuses to con¬ 
sider tiie results of operations in the wide Ocean, 
brought on by almost universal chemical and mechanical 
agencies of heat? 

General In maintaining the uniform character of the natural 
groimd of terraqueous agencies, and the constancy of their mode 
argument. ac ti 0 n^ all Philosophers are agreed ; but, as in every 
other problem submitted to investigation, experiment, or 
observation, the conditions are to be determined belbre 
the rate and measure of Geological results ciut be ex¬ 
pressed on a scale of magnitude or number. In a 
Science founded on observation, these conditions cannot 
be known beforehand, they are the very objects of which 
we are in quest, and our only mode of approaching them 
is by analysing the effects which have been produced by 
tlie known laws of Nature, operating under these, at 
first unknown, conditions. What is the object of an 
experimental investigation, in which first the law is 
given, and next the conditions are assumed, the result 
of their combined operation having been previously de¬ 
fined? 

Greater ef- A history of the successive revolutions in the state of 
ftctsoflieat the Globe, must indeed be founded on a survey of the 
in the older chemical, mechanical, and vital phenomena now pro- 
jpoclis. • ( j UCC( ] jjy i] lc atmosphere, rivers, the sea, and volcanos ; 

and all conclusions concerning the intensity, duration, 
and extent of igneous and aqueous agencies, iu past 
Geological periods, must proceed upon an examination 
and estimate of these agencies in the existing periods ; 
but the ratio of their effects at different periods is to be 
determined by evidence, not assumed by conjecture. 

The results of examination of the organic remains in 
the several strata, and of the character and condition of 
these strata, according to their relative antiquity, leave 
no doubt of the vastly greater and more general in¬ 
fluence which, in the older Geological periods, the proper 
heat of the Earth had upon ull the operations of 
Nature in the sea and on the land, an influence far more 
equable as well as more intense than that exerted by the 
Solar rays, independent of the Scusons, and coextensive 
with the Globe. 

Surely, then, under these peculiar conditions, the laws 
of Nature which are concerned in the operation, thetu- 
. selves invariable, must have operated on a greater scale, 
and perhaps with higher intensity, than that which now 
characterises their effects. 

All the results depending directly on the quantity of 
communicated heat,—as, for instance, most of the phe¬ 
nomena connected with the decomposition, reconstruc¬ 
tion,—and consolidation of rocks, must have beet* vastly 
increased in amount, and proportioned in extent to the 
universal diffusion of heat; while the arrangements of 


organic life, which we know to he adjusted to a certain GraW. 
limittd range of temperature, must have been proper- if. 
tionateiy affected. Until the mean temperature of the '■“"'v - 
seu was reduced to a certain standard, the Physical con¬ 
ditions to which organic life is restricted on our C Jlolie were 
not established ; but during these pcrhuls (lie inorganic 
forces of Nature must have been especially active, and 
on a very great scale. Hence the vast thickness, the 
grout degree of consolidation, the crystalline character, 
the almost universal extent of the primary stiata ; lmnce 
the raTity of organic remains, until, by the accumulation 
of considerable thicknesses of nonconducting earthy 
materials upon the lied of the Ocean, the communica¬ 
tion of heat from the interior of the Globe was retarded, 
so as to be counterbalanced by that constant radiation 
from its surface, which is one of the conditions whereto 
the organization of plants and animals is adjusted. 

Disturbances of the Primary Strata. 

Though during the accumulation of the slates be- During the 
neath the waters of the sea, considerable tranquillity and •eemnuliu 
a repetition of similar circumstances prevailed, as may ,llc 
be inferred from the correspondence of the stratification, 
the rarity of conglomerates, and the general agreement 
of the organic remains at different points over immense 
surfuccs, yet some remarkable exceptions occur, enough 
to show that the subterranean forces to which our Con¬ 
tinents owe their present forms and elevations, were not 
wholly inactive. In the Cumbrian mountains, especially, 
we may clearly perceive the effects of some considerable 
local disturbance in the conglomerate rock of St. John’s 
Vale, Barrow, and Grasmere; and the singular admix¬ 
ture and blending of porphyries, amygdaloids, and 
greenstones, with the ordinary argillaceous slates, proves 
evidently a great and continued devclopcmcnt of ig¬ 
neous agency during the deposition of the middle slate 
rocks of the lakes. Similar effects appear to ha\e hap¬ 
pened in Snowdonia, and borne remarkable cases of 
extensive disturbance have been ascertained along the 
Eastward border of the Welsh slate system. 

But immediately after the completion of the slate After the 
deposit, and before the commencement of the carboni- «U;|n>sit of 
ferous system, a much more general and more violent sIlltcs ‘ 
succession of dislocations happened. At this period 
nearly all the primary ranges of the British Islands re¬ 
ceived their most remarkable features; and it is deserving 
of notice that some of the most important of the lines of 
elevation ami depression then produced by subterranean 
expansion,—for instance, the Grampians, the. valley oft he 
Caledonian canal, the Lamnierinuir hills, and the pro¬ 
longation of these ranges in Ireland, the Cumbrian, 
Snowdonian, and Cornish chains’, and the hills of the 
Isle of Man,—run in the same direction from North-East 
to South West This is the most striking example which 
the British Islands afford iu favour of Elie de Beau¬ 
mont’s hypothesis of the accordance between the. direc¬ 
tion of the axis of a mountain group and the date of its 
elevation. Elie de Beaumont notices as belonging to 
the same period as the elevation of the Cumbrian and 
Cornish chains, the system of the Hundsruck in West¬ 
phalia, the country of the Kifel, and the mountains ol 
Nassau, in all of which the principal ranges are North- 
East by East, and South-West by West. Other exam¬ 
ples wiil hereafter be meulioned which seem irreconcila¬ 
ble to his view* ; in the mean time we may state that 
the contemporaneous elevation of the greywacke systems 
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Geology. of the South of Ireland and Devonshire ranges East and 
Ch. Jl. West. Elicdc Beaumont, indeed, distinguishes between 
the dates oT these Eastern and Western lines of elevation, 
and those previously traced in a North-Eastern and South- 
Western direction, and refers them to a later period. The 
North-Eastern lines are considered to have been caused 
during the transition (slate) period,and the Eastern mid 
Western, immediately after that period. This requires 
further examination. Professor Sedgwick attributes to 
the Cumbrian slates one great elevation anterior to the 
carboniferous system, and we may safely adopt this os a 
general view, though there appears good reason to doubt 
whether all the various Plutonic rocks mixed in so sin¬ 
gular a manner among the conglomerate slates of Cum¬ 
bria, were injected at one period. 

Influence In consequence of these elevations, the strata of slate 
on the thrown up towards a'central ridge of Plutonic rocks 
Son'of r6C " ex h't>d amidst many irregularities prevailing dips towards 
strata. the South-East and North-West,, and have thus consi¬ 
derably influenced the mean bearing of all the subsequent 
deposits of British strata in which a very general tend¬ 
ency to the North-Eastern and South-Western direction 
has been for a long time observed. 

Plutonic rocks are often visible along the axis of 
these ancient elevations. The Cumbrian chain encloses 
a line of nuclei of granite, syenite, and hypensthenc rocks, 


besides various porphyries and greenstones in dykes,and Geology-, 
overlying plateaux, of which the age is less certainly Ch. II. 
indicated. These have evidently been injected in a -v*'— 
melted state into Assures produced during the general 
movement of the stony masses ; but there is rarely any 
proof derived from veins, or from the appearances at the 
points of their contact with other rocks, that the central 
granitic masses were uplifted in a melted state. But 
in Cornwall, in the North of Ireland, and still more 
generally in Scotland, the granitic rocks were evidently 
in a stale of fusion, since the deposit of the slates, and, 
accordingly, these latter rocks, and the various strata 
associated with them, are often penetrated by veins of 
granite, and materially altered at the surfaces of contact. 

Have the fissures occasioned by these intestine subterra¬ 
nean movements furnished the cavities which have since, 
by injection, sublimation, and segregation, been filled 
by various metallic and mineral substances ? 

These mineral veins are, upon the whole, more nu- Mineral 
merous in the primary strata than in any of the secondary »«'"» 
rocks ; and the generally admitted fact that they are not 
all of the same age in the same mining country, may 
lead us to suppose that their production was not con¬ 
fined even to one great epoch in Geology, but wus 
repeated at intervals during the whole period of the for¬ 
mation of the strata. 


Table of the Organic Remains of the Slate System. 

The mark * signifies that the species to which it is attached occurs in the carboniferous system also. 

Plants. 


Family. Nama. 

Algm... •. • Fucoides anthpros, Bgt. 

serra, Bgt.. 

dentatus, Bgt. 

circinatus, Bgt. .......... 

Eouisctacc®.Catamites radiatus, Bgt. 

Voltiii, Bgt. 

Filices.. *Sphenojiteris dissects, Bgt. ...... 

Cycloptcris flabellata, Bgt. 

*Pecoptcris aspira, Bgt...... 

♦Sigillaria tesselluta, Bgt. ... 

Yoltzii, Bgt. .. 

Lycopodiaccn .... Lepidodendron. (several species'.) ,, 

* Stigmaria ficoides, Bgt. ........ 

Clasa uncertain. •. AsterophylUtcs pygmies, Bgt. .... 

Fossil plants generally .......... 


Kuteign LoeaUllc. 

Christiania. 

Quebec. 

Ditto. 

Base of Kionekullc, Sweden. 
Bitschweiler. (Haut Khiu ) 
Zundsneiher. (Baden.) 
Brrghaupten. (Baden.) 
Ditto. 

Ditto. 

Ditto. 

Zundswcihcr. 

Berghauptcn, Bitschweiler. 
Bitschweiler. 

Uerghaupten. 

Near Namur. 


This list, which is taken almost wholly from M. A. 
Brongniart’s Prodrome de t'tlistoire de.s Vegelavx Fos- 
silcs, will be found remarkably analogous to the more 
extended catalogue of the plants of the carboniferous 
system of strain. The fourteen or more species of plants 
litre recorded, belong to genera which occur likewise in 
the carboniferous strata above, and four of the species, 
marked by an asterisk, are found again in these rocks. 
Three of the four occur at Berghaupten, in coal mea¬ 
sures which may be of the true carboniferous epoch. 
All the genera are, probably, extinct, though with respect 
to the filices this is difficult to prove, on account of the 


almost total want of fructification in the fossils, and 
their generally fragmentary state. Four species arc 
marine, two or three probably belonged to marshes, and 
seven or eight or more to drier situations. The marine, 
plants are mostly found in limestone. The number of 
species is too small to furnish, alone, any general infer¬ 
ences either as to the prevalent character of the Flora, or 
the climate of this period ; yet taken in connection with 
the carboniferous system, they appear to warrant a belief 
that vascular cryptogamic plants were in possession of the 
land, that this was very limited in extent, and that the 
climate was hot. 


Fondly. 
Fibrosa ... ■ 


Cortieifura 


Organic Remains of tin Slate System. 

Polvparia. 


Xnrnr. British Localities. 

Achilteum canomun .. 

Manon eribrosum....... 

Scyphia conoidea..... 

1 tnibinata ..... 

dathrata... 

' costata,...... 

Trcgosacetabulum .. 

Gorgonia autiqua.. .... 


Foreign Localities. 
Groningen, (loose specimen.) 
Kifel. 

Ditto. 

Ditto. 

Ditto 

Ditto. 

Ditto. 

KifeJ, Ural.. 
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Cellulifera. 


■ • , N '\T'Vr • Billi.li Lx-sllti... V.-r^n Lx-aliilrs. 

.Gorgom* inuiftuilmmormis ....\Yippotfurtli, Kitol L'rul. 

, .Strumiitupura concentrica.Kitel. 

polymorpha.Ditto, Bensberg. 

Celleporaantique..Glone, Heref. ..Ditto. 

lletepora prise. ... Ditto. 

Butiipia.....Ditto. 

undotormmed.Ditto. 

Millepnra, several species..•Gottlaml. 

Cose noperaplucenta .......... ..Kifel. 

VIustra lanceolate.....Gottlaml. 

Ceriopora affinii.........Dudley...... Kifel. 

punctata ... Ditto ... Ditto. 

granulosa..... Ditto.... Ditto. 

oculuta .Ditto.. Ditto. 

disticha ... Ditto ... Ditto. 

favosa.Ditto..... Ditto. 

Glauconome iliaticlia.Ditto...Ditto. 

FavoTites/Lami } Brome,Ui ’ MU “. Nrilou - (Manche.) 

truucata, Raf....... Kentucky. 

Kentuckensis, Raf. ....Ditto. 

boletus, Miiss. ....Christiania. 

alveolaiis .Kifel, Groningen. 

favosa.Lake Huron. 

Uottlandica ... Douglas near Dublin ...... Gerolatein, Lnke Huron, Catskill Mountains. 

basaltica.... Lake Krie, Kifel, Gottlaml. 

infundibulifora.. ..Kifel, Bamberg. 

•polymorpha.Ditto, Ditto, PfafTrath. 

apongites ... Shropshire, Dudley...Kifel, Sweden. 

fibrosa........Niagara, Kentucky, Kifel, Bensberg, 

cervicornis".....Gottlaml. 

Aulopora alecto, Lam. serpens.Kifel, Bensberg, Gottland, Christiania. 

tubmformis ..... Kifel. 

s nicata .. Ditto, Bensberg. 

glomerate...... Bensbcrg. 

cleg.ins.. ...Ditto. 

sarmentacea... ....Kifel. 

Catenipora esebaroides, Lam.... Shropshire, Herefordshire,Ac. Ditto, Christiania, Gottland, Lake Huron, Moscow, 

labyrinthica ........... .. Groningon, Drummond Inland. 

tubulosa, Lam...... Cliriitiania. 

Syringopora verticillata...Like Huron. 

ramulosa. . Limburg. 

reticulata... .. Ditto. 

caespitosa.... ....PfafTrath near Coin, 

filiformis ..... Groningen. 

undetermined ... Glouc. Shrop. ire. 

Lamollifera ......Agoricia lobata ...... Kifel. 

Swinderniana ....... Groningen. 

Lithodendron csospitusum... Glouc. Heref., <fcc... Bensberg. 

Anthophyllum denticulatum.. Niagara. 

bicostatum ............ ..Kifel. 

Cyathophyllum plicatam ...... ..Kentucky. 

diauthui...... Kifel. 

radicans .. ... Ditto. 

marginatum ....... Bensberg. 

csplanntum.... Ditto. 

turbinatum. 

hypocrateriformo ......Kifel. 

cerutite*.Ditto, Bensberg. 

flexuosum ........Kifel. 

vermioutare....... Ditto. 

secundum...Ditto. 

lamellosum .. ... Ditto. 

placcntiforma.... Ditto. 

phratum......*.. Sweden. 

cjuudrigeminum ...... Kifel, Betubcrg., 

cicspitosum ..... Kifel. 

hexagonum .... Ditto, Bensberg. 

helianthoideH .. ....Kifel, Lake Huron. 

Stramhodea pentugonus ........ Drummond Island, Kalca Union. 

Astnea ananas...... Gottland. 

porosa.. Glouc. Heref... Kifel, Bensberg, 

Columnarta alveolate.....Seneca Sea. (New York.) 

Sarcinula punctata, Park.Gloucestershire. 

organum.... ... Gottland. 

angularis, FI. .......... Dudley. 

Mastrema pentagono, Raf. ......... Kentucky. 

Pleurodictytim problematicum ... ... Nassau, Hiffiilsruck. 

Hvdnopliora .Shropshire. 

*Ainplexusconilloidcs, Sow. ..j Mnnt Chatou. near Coutanccs, Catskill Mountain*, 

Cyethoph. flexuosum? Goldf. ./ ..*. 

In the above list the specific names are chiefly adopted from Guldfuss. 
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_ Tile great number and variety of the species of poly- 
paria in strata so near in position to those which contain 
no traces of living Beings, is remarkable, and sets in a 
strong light the error of those who suppose (he paucity 
or deficiency of organic remains in the lower strata is 
owing merely to their antiquity ; while at the same 
time the almost exclusive limitation of tliaee remains to 
the calcareous beds of the slate system shows that the 
trne cause, troth of their rarity in the one ease, and their 
plenty in the other, must l>«e sought in the condition of 
the sea at the ditferent periods. It is especially worthy 
of notice, that though nearly all the species are peculiar 
to the slate system, most of the genera are repeated in 
the carboniferous limestone above, and several exist in 
the present sea, as madrepora, astrsca, cellepora, retepora, 
gorgonia.—Typesofall the most remarkable living tribes 
of potyparia are preserved in these ancient repositories ; 
the lamellilero! hear the same large proportion to the 
other corals as now obtains in hot seas, and it is evi¬ 


dent that the general arrangements of Nature with respect Geology, 
to the life of marine animals were of the same kind as at ®h. 
present. 

With respect to the Geographical distribution of the 
species our Catalogues and our Collections appear to 
present a remarkable contrast; for while the former 
seem to show that a very few species only have been 
recognised at more than oue locality, the general im¬ 
pression derived from a view of the latter is exactly the 
reverse. The systematist is perhaps too easily led to 
multiply distinctions without necessity, while the eye of 
the ordinary observer is more easily imposed on by the 
analogy of kindred forms. At all events, it is certain 
that the zoophiles of this limestone are eminently cha¬ 
racteristic of it, and some of the genera may almost be 
takcu to represent it: such are favosites, calenipora, 
umplexus; and yet these alt occur (less abundantly) in 
the carboniferous limestone. 


Organic Remains of the Slate System. 


Radiabia. 


F.imily. 

Crinoidea. 


Nunn*. 

.. .Pent remites florcolis, G............. 

Caryocrinua... 

Eugtmiacriiuis meitjiiHform'u, G. 

Pentucrinus priscus, G. .. 

Plutycrinus ventricosuH, G.......... 

•pcntangiilaris. 

Cyatliucrinus tuberculatua. 

*rugosus . 

•'comet ricus, U...... 

I/innataii, O.. 

pentagonus. G. ... 

ActinocrinuH moniliformis. 

*30-dactyIus. 

Ixvii.i,. 

eingulutus, G.. 

muriratna, G. 

uodulosus, G. 

moniliturtis, G. 

MeUicriuus hioroglyphicuM, <i. 

gibhosus, G. 

♦Hhoiloci'inus verus. 

gyrntus, G. 

5-part itus, G. 

cunaliculatus, G.. 

crenatus, ti. 

Cupiessocrimm crassus, G. 

gracilis, G. 

tesserntns. G.... 

Kiie'ulyptocrimis rosaceus, G......., 

Ecliiiiyspliaritcs pomum, \V......... 

aurantium, W.. 

grnuatuni, W. 

Wnhlenbergii, K. 

Encriaites Gothlnndicus, W. 


Hook. British Localities. 

Calcareous.. .. 


Ditto 

Ditto 

Ditto 


Ditto.DmUey,Dm vuwr. 

Ditto.Dudley. 

Ditto.Shropshire . 

Ditto... 


Ditto.Dudley'. 


Dudley 


. , _ Foreign Localities, 

Mississippi. 

North America. 

Kifel. 

Ditto. 

Ditto. 


(Mand, D&lecarlia, Eifel. 

Kifel. 

Ditto. 

Groningen. 

Kifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto, 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Oclaml, Kinneklillc, near St. Petcrsburgh. 
Miisscburg, Westrogothia. 

0eland, Dulecnrlia. 

Oulfuf Christiania. 

Gottland. 


In the preceding list of radiaria, all the species .named 
by other authors than Miller, hove the initials of those 
authors, as Goldftiss, Wuhlenberg, Esmark. The thirty- 
four species here collected have all vanished from the pre¬ 
sent ranks of Creation, but we find at least four repeated 
in the carboniferous limestone. Six of the thirteen 
genera are also continued into that limestone, and two. 


(eiigcniiicrinitcs and pentacrinites,) the latter of which is 
unknown in carboniferous limestone, are rather plentiful 
in the oolitic rocks. The crinoidea of' the slate system 
are utmost exclusively found in limestone, and only 
locally distributed in that rock. No true cchinida or 
stelierida have yet been described from these ancient 
rocks. 


Fumily. 

Plapymyona • •, 


Organic Remains of the Slate System. 


CoNCHIFERA. 


Nunc. 

Trigonia sulcata, G. 

concentrica, G. 

undetermined, Ph. . 
Canliuin custellatum, Mtin. 


13rUf.li Localities. 


Near Kirby Loasdale. 


Foreign Localities. 
Lindlar. 

Ditto. 

Elbertreuth, Prague. 
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. Family, Name. Drlliali Walllj.-s. ren-ipa I iiautl. 1 '- , 

Plagymyona.Caidium hybridum, IS. .Ellersrov.th. 

, lineare, M. .... Ditto, 

' priseum, M. ... Ditto, Prague. 

striatum, M. ........... ... EHiersreuth. 

•alteforme, Sow......... Plymouth, Newton Bushel.. Eifel. 

eostellatnm, M....Elhersreuth. 

gracile, M.....Ditto. 

plicatum, M..... Ditto. 

tripartitum, M. .. ....Ditto. 

fasciculatura, G.... Kemmcnau. ^Kms.J 

marginatum, G...Ditto. 

catpamorphum, Dalm.... — .. Sweden. 

Isocardia Ilumboldtii, Ham...YVisseubach, near Dillenburg. 

Vonericardium retrogtriatum, v.|.MaHenbcrg (Waldaek.) 

Crassatolla obsoleta, «.. WipporfUrth. 

Lucias *proacia, O. ..... Kifel, Bensberg. 

•lineata, G. ... ...Ditto. . 

rugnsa,G. ....Ditto. 

•cincta, G. ............ ... Ditto. 

Tellina obliqua, G. .. Ketnmenau. 

Cyprina miuutu........ ..... Kifel. 

Curbula scraaria.....1 >itta. 

Cytherea Okeni, M... .., Reguitilosau. 

inflata, M.. ..Ditto. 

Hisingcri, M. .......... ... Ditto. 

elongatu, M...Ditto. 

bilobata M.... Ditto. 

subcyliudricn, M. ....... ..... ... . Dillu. 

intermedia, M... ... Ditto. 

SODguinolaria gibbosa, S. ...... ....Altenahr. 

undulata ? S.Siebengebirge. 

concentrica, G. ......... ....Eifel. 

lainellosa, G. ..... Ditto. 

dorsata, G.Dnto, Altenahr. 

truncata, G. ..Ditto. 

phasenlinn, G.. ....Ditto. 

solcuoides, G. .Siebdigebirgo, Altenahr. 

Pholadomya radiate, G. .....Eifel. 

Solcu *pelagieu«, G...Ditto. 

vetustus, G...Ditto. 

•Megaloilon cucullatum, S.Newton Bushel.. Pfalfratli. 

Modiola (lolilfussii, Haul. ......Eifel. 

antique, G.. ..Kina. 

Gotlilamlicn, His.....(iottland. 

Mytilus yetustus, G......Dillenburg, Upper Canada. 

Area prises, ..Kloster Bruck. (Solliugen.) 

Nucula antiqua, G. ., ..... Harr., Kins. 

•subnoides, G.......Ditto. 

fornicuta, G. ..Olpe. 

Hccurifurniis, G. ....Eins. 

pinguls, G...... Ditto. 

Mfsotnyona.• ..Aptychua nntiquus, G. ..Giistliclier Berg. (IlerDomO 

Ixeigatus, G...Eifel. 

Aviculu obsoleta, G...Atior.dtheuer. (Ilundsruck.) 

lepida, G.... Geistlichor Berg. 

Pterinea ventrieoaa, G... Kemmcnau, Altenahr. 

coatata, G. .Eins, Sicbengebirgo. 

* lincatn, G.Kdnmcuau. 

lamellosa, G.....Siegen, liars. 

reticulata, G.....Iserlohn. 

rodiata, (». ... ..... Ditto, Eifel. 

carinata, G. ......Pfafleudorf, (Coblenz,) Oneida, N, A. 

plana, G.Keurnenau. 

trigona. (1. ............ Ditto. 

PoaidoniuBechcri, ..Geistliclicr Berg, Hiimlcroth, Frankenberg, YVerden. 

longitudinulia, 11.Edilerbringhajiscn. (Frankenberg.) 

Pecten grandamm, G. ......... ..... Geistlichor Berg. 

ocaani, G. ......................... Hire, 

Neptuoi, G.. ..... Kifel. 

primigenhis, G... ....YVissenbach. 

Miinsteri.... Ditto. 

undetermined, Phil. .... Near Kirby Lonsdale. 

Gryphma undetermined, P. .... Ditto. 

Plagiostoma? or pterinea? undc-1 n ... 
tormined, P.f 

Brachiopcda ... {kcpticrio! Dal. } de r Tr *i“> S. ... Dudley, Plymouth.Eifel, Gottland, Lithuania. 

•acotica, S...... Eifel. . ... . . . 

•hemisphterica, S.Ditto, CatskiU JXountaiof, Albany, Lexington. 

rostruta, S...... Bensberg. 

•sulcata, S. ....Catbkill Mountains. 

anomala, S.. Plymouth 
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Family. 

Bracbiopoda , 


Cuts- 


Kiitnc. llritUli Iairalilti't. Foreign Localities. 

{E^tena’ JJal’ }“ tci “ ula t». G .Eifel, Catskill Mountains. 

lata, v. Buell. ..... Swt den ? (found at Gustrow.) 

euglypha, D........ Eif.l, Gottland. 

T . i Ditto, Ditto, Catskill Mountains, 0eland, Sclionen, 

t0 S° M « D - .{ Didccarlia. 

. - f Gotllaml, Oeland, Sclionen, Dulecarlia, East and 

transvewrlis .. \ West Guttlaiid. 

deflezn, D...East Gottland. 

cchinata, D 1.Gottland. 

aculeata i* S. j 

couvoluin, G........'.Eifel. 

threats, G.. ...... Ditto. 

ca])illata, O...«... .. Ditto. 

striata, (1,. Coblenz. 

jiecliiiuta, G...Kifel, Coblenz, Kaiserstulil. 

minuta, G.......Eifel. 

•scabricula, S...... Ditto. 

(Ditto, Horenshult, East und West Gottland, 

Orthis, pcclcn, D.{ Kill Mountains, Wipperf Urth. 

*striatella, D. .... Gottland, Lithuania. 

sonata, D.. Bnrcnshult. 

cullactvs, D...... Ilusbyfjoel, Vlsndn, West Gottland. 

calligruma, D.. ..... SkarpUscn, East Gottland, Trent on falls. 

test mli oar in. D. ..*.. Bnrenshult, Ulunkenheim, Trentonfalla. 

liusulis, I).Gottland. 

elegantula, D. ....Ditto. 

demissa, IL .... Oeland, 

novein radiata, D.....Ditto. 

radiatu, D. ..........Eifel.' 

costata, D........ Kentucky. 

rugosn, Rnf... Lake Huron; 

granulosa, G.. Catskill Mountains. 

i'ascicolata. G.. ......Eifel. 

Unduluta, G.... Albany. 

nodosa, G. ... Eifel. 

SjSr“’s! J ' } * minim,, > H .Wankenheim. 

•attcmiata, S.Eifel, Coblenz. 

•obtusa, S.1’h mouth. 

•rotimdata, S. .Newton Uusliel. 

•liileata, S..Dudley. 

distans, S. .Plymouth. 

•reticulata, 8.Diito. 

pentagons, S.Ditto. 

•lSSijk’ S '}. 1)i,t0 .;. EiM ' Bcn,ber e> CoUenz. 

•glabra, S ... Ditto. 

iilata, S. ....Coblenz. 

•ambigna, S. ....... Blankenheim, 

•decurruis, S. ......... Newton Bushel. 

•distans, S.Plymouth. 

•octojitkata, 6.1 ........ »f tto .Gottland, Eifel. • 

enspn, Jl. j ’ 

exported n, W.Gottland. 

tmjiezoidalis, His.Ditto, Pfaflrnfli, Eifel. 

cyrtana, ]>...Guttland, Eifel, Bensberg. 

subsulcnta, I).. Oeland. 

ptychodos, D.Gottland. 

cardiospermiforiris.Dudley ..Ditto. 

pusio, II.. ... Ditto. 

psittaeen, W. ......Dulecarlia. 

jugata, IV.;....Ditto. 

•bevlcosta, G..Bensberg, Eifel, Coblenz. 

_ #« _ tj __ e v:r.i * n__ «■ .1 _ . 


Geology. 

Ch.ll. 


inicroptera, G. 


Glouc. Heref..Kifel, Alleghany, Sicbengebirge, &c. 


triangularis, S.\ ... 

comprussa, G. J.*.Bensberg. 

lietcrodyta, G. .. ... Eifel. 

macroptera, G.... ..Catskill, Coblenz, Ems, &c. 

leptoptcra, .G. .... ....Eifel, Lindtar. 

paehvoptera, G.. Hudson. (New York.) 

canalifera, G.Bensberg. 

canaliculate, G..Ditto. 

■ •striatula, G. ... Ditto, Eifel, Christiania, Trentonfulls, &c. 

PenUtncru^Kn^hht r/j. Tw Rdge> ... siW . . 

lrevis, S...Near Ludlow. 

Gypidia conehidium, D....Gottland, Lithuania. 

gryphoidos, G..... l’faflrath. 

itcvis, G......Ditto. 

Strygocejihalu* Hurfini, Defr. Bensberg, Eifel. 

striatns, G.... Eifel, 
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Otology, Family. Name. . British Localities. 

■Ch.Jl. Brachiopods. 4 ! 33 Srtu£ Sow.}“®““' S * ••• »««Uey.Hymout!.,Ledbury’ 


aspera, Schl. 
canaliculate, D. ., 

galeafa, D. 

micella, D. ...... 

crasairostris, U. ., 
leuticulari^ 1), .,, 

cassideu, l5.. 

dorsata, His. 

pruniun, 1). 

tiimiila, 1). ...... 

tumiduio. Hi*. ... 

micula, D. . 

nitida, G.. 

Terabratula *laieralia, S. 

• crumeui, S. ... 

• piigrtii, s. 

• Mantis, 8. .... 

• aourainata, S. ..... 

porrectn, S. .. Newton Bushel. 

• platyloba, S. ........ Viymouth. 

Ilennahiana, S. ..Ditto. 

gigantea, S.. Ditto. 

rotundata, S. .Ditto. 

lachryma, S.Ditto. 

triloba, G.. .... 

canaliculate, G... 


Plymouth 


nuinquolafera, G. 
dichotoma, G. .. 


pentagona, G..... 

Wahlenbergii, G. ...... ..... 

subgloliosa, G. ......... ... 

bifida, G. 

clavat a,'G ..... 

amygdala, G. ... 

concentiica, Brown. .... .... 

heterotypa, Brown.... 

* plicatflla, D.. Plymouth .. 

lucunusa, Wahl.Ilerefurdsliiiu. 

* diodoutii, D...... 

connate. D. ..... 

> bideutata, Hi*. ...a ... 

marginalia,' D. 

didyma, 1),.. ..... 

Calccola Buudalina, Lnn. ... 

Crania prises, Horn.... 

Orliicula concentrica, v. iiuch.. 

rugata, Murchison.Ilerefordihire,KirbyLunadale 

Lingula inidetvrmincd, Murchison Hcrefordahire. 


Foreign Locnliticr. 

Eifel, Bcnsbcrg, West Guttland, Stc. 

Eifel, Bensberg, Gottland, Christiania. 
Ueiand, Lithuania. 

Eifel, Gottland. 

East Gottland. 

West Gottland. 

Oeland, Went Gottland, Andruum. ’ 
Gottland. 

Orlnnd. 

Gottland. 

Ditto. 

Ditto. 

Schoncr. 

Luke Simeon 
Eifel. 

Ditto, Lake Huron, Lis iU.tr. 

Eifel. 

Kins. 

Eifel. 


Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto- 

Ditto. 

lloreiiklinlt, Ilukhyfjocl, East Gottland. 
Porsgrund, (Nurtvuj .) 

Kilel, (r.ttlaud. 

Gottland. 

Ditto, Djupriken. 

Kliutuberg, Gottland. 

Gottland. 

Eifel. 

Ratingcu (iu grcywncke.) 

Marteuberg (Woldcck.) 


Qeoloi 

T.h 


X 


All the leading divisions of living conchifera are re¬ 
cognised in the shells of the slate system, but there is a 
singular contrast between the present and the ancient 
systems, as to the relative proportions of these divisions. 
A short tabular comparison will render this very .evi¬ 
dent. 

01' 100 conchifera now living 80 are plagymyonous; 
18 mesoinyonous ; 2 brachiopodous: belonging to the 
slate system,'27 are plagymyonous ; 11 mesomyonous; 
62 brachiopodous. Of 78 species belonging to plagy- 
rnyona and mesomyona, S are repeated in carboniferous 
limestone, and 10 of the 11 genera which include them 
are continued through a long range of secondary rocks. 

Nearly all the genera (as yet imperfectly under¬ 
stood) of the brachiopodous bivalves are also found 
abundantly in carboniferous limestone. Of all these, 
terebratula ia the only one now living, and it is very 
correct to, any that the forma of thdse “ primary” spe • 
cies recede much more from the living terebratulre than 
do those of the leas ancient .secondary strata. The mus-, 
cular and ligaments! structure pf. these animals, could it 
be welt made out, would surely afford-very Curious 
results. The shells are moat frequent in the limestones, 
but not by any means confined to them.' Of 129'spe¬ 
cies included In the preceding lists, 17 oedur also in the 
. vol. VI. „• - ■ 


carboniferous limestone, and for’ the most part abun¬ 
dantly. The localities in which these shells are staled 
to occur in transition limestone are, Plymouth, Newton 
Bushel, and Torquay in Devonshire, 10 species; lslo 
of Man, 2 species ; Ilcrborn, Blankenheim, and the 
Catskill Mountains. We must leave it to future ob¬ 
servers to say, whether any other such coincidences 
occur at these and other places, and whether it is quite 
certain that the limestones of Devonshire really belong 
to the transition series, a point on which we cannot 
avoid feeling some doubt. - 

The following conchifera, chiefly collected by Mr. 
Weaver from limestone in the South of Ireland, arc 
referred by M. De la Beetle to the transition limestone. 
We have found in comparing this list with that of fossils 
indubitably belonging to the carboniferous epoch, so 
extraordinary an identity, and on the other hand, when 
compared to characteristic fossils of? transition limestone 
obtained from Countries in which its Geological rela¬ 
tions are certain, so marked a discordance, that we must 
•for the present keep the fossils from the South of Ireland 
separate. 

Iiocanlia 'oblongs. 

gjiirifeta 'cosjndata. ^ 

4 a t*'* 
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Family. 

Ilolostomuta 


Solenoslomata 


Spirifera *obtuno. 
*striatu. 

•pinguis. 
reticulata. 
Terebraiula *cmmena. 

♦cordiformii. 
•puguus. 
•rostrata. 
faffinia. 
•bevigata, Seh. 
elouguta, Sch. 
*ncumiuuta. 
*latcraU«. 


Terebratula ‘reniformii. 

Products ‘Scotica. 

♦Martini. 

•concinna. 

•lobata. 

•punctata. 

♦fimbriate. 

fdepressa. 

anomala. 

In the above list the species marked * are common 
fossils in the carboniferous limestone, those marked 1 
are usual in transiliou limestone. 


Gasteropoda. 

Brili.1i Idealities. 




Name. 

,. .Patella ? conica, \V. ......... ... • c.... 

penmenstes, W.. ..... 

concentrico, W...... 

Nuptuni, G. ...... 

primigena, G. ...... 

Pileopsis *vetusta, 8.Plymouth, near Ludlow. 

prisca, G. ... 

compresaa, J&. ...... 

Sigarctus ? rugosus, G...... 

Ncrita aubco&tata, G. 

* spirata, S.Ditto. 

Delphinula ? mquilatera, W. ..'.. 

obvallatn, W... 

cornu arieti9, W.. 

ul&tn, W. 

subculcata, Hii.... 

Euomphalus angtdosus, S.Benthatl Edge. 

discora, 8.. Shropshire, Dudley. 

* nodosus? S............. 

rugosus, S... Culabrook Dale. • 

* cntillus, S. 

funatus, S. ..Shropshire, Ledbury, Dudley. 

spinouts, G. ..... 

* latvis, (J........ 

radiutus,G. ..... 

strintus, G.... 

articulates, G. .... 

depresses, G.. ... 

Delphi uuloidcs, G. .... 

trigonalis, G..... 

cumulus, G. ....... 

sngulatus, W..... 

aubatriatus, His. .... 

centrifngus, W. ........ ........................ 

costatus, IIis. .... 

Cirrus • acutus, S.,.. Plymouth, Tutwortli. 

exaltatus, G. .... 

cUipticus, His. ..... ............... 

Turbo * tiara, S. ............ Plymouth. 

. bicarinatus, W. .. 

armatus, G..'.. 

nodosus, G.. .. 

Pleurotomaria striata, S... 

cirriformis, 8.Ditto. 

3\irbo cielatus, It. ....... 

porcatus, G... 

Rotella heUcintcformis, G. ....... 

Turritella cingulata, His..... 

biliueata, G. ...1... 

coronata, G.... 

abbreviata, S. . ..Newton Bushel. 

spinosa, $..Ditto, Plymouth . 

striata* G.... 

obsolete, G. ..•... i. 

Fhaslanslla runtricoss, G. ...... .V...... 

buccinoides, G,<..... 

fusiformis,G. ....... 

. .Murex ? harpula, L....Plymouth, Newton Bushel*- 

Bvccrantntncutum, 8. ........ Plymouth’.. 

8..Plymouth, Newton Bushel . 

S-,.. Newton Bushel. 

arcuafum, Schk ...V... 

Terebr\$Hennahlana ..Plymouth. 


foreign Localities. 

KinneldUle. ' 

Ulando. 

Mbsseberg. 

Eifel, Olpe. 

Pfaflrath. > 

Kifcl.. 

Ditto. 

Ditto. 

Pfaflrath, Eras. 

Gottland, West Gottland. 
Dalccurlia, Ocland. 
Gottland. 

Ditto. 

Ditto. ■ 


Eifel, Bensberg. 

Lake Erie. 

Bensberg. 

Ditto. 

Eifel. 

Ditto. • 

Ditto. 

Ditto. 

Bensberg, Kifel, Dillenberg. 
Bensberg, Kifel. 

Ditto, Ditto. 

Gottland. 

Ditto. 

Dalecarlia, Wikarby, Gottland. 
Gvttlnad. 


Eifel. 

Dalecarlia. 

Wikarby, Dalecarlia, Borenshult, fte. 
Eifel. 

Ditto. 

Km«. 


Eifel. 

Bensberg. 

Pfaffrath, Eifol. 

Gottland. . 

Bensberg, Pfaflrath, Eifel. 
Pfaffirath. 

Bensberg. 

Kifel. . 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Bensberg, Pfaflrath. 
Bensberg, 

Ditto. 
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Family. 

ftiouothalamia. 


Polythalomia. 


Polythalmia. • ■ 


Cephalopoda. 


Name. 

.. .Bellorophon *teauifascia, S. .... 

•coAu arietii, 8. . 

•apertua, S..... 

•costatus, S. . 

undutatus, O, .......... 

striatus, G. . . 

Hupschii, Def..... 

CaucoaicnSj Fischer.. 

cicatrisatus, F.' ........ 

helicoides, F.. 

. nodulosus, G. 

• ■ .Conularia‘quadriaidcata,8. ... 

•teres ... 

pyramid&ta, Hren... 

Oltboceras cinctum, S. ■. 

* droulare, 8.. 

annulatum, S. . 

striatum,8. ........... 

gigunteuin, S. 

nndutatum, S. .. 

acuarium, M... 

regulate, Sch. .. 

striata punctalum, M. .. 
cingulatum, M. ........ 

torquatum, M. .. 

•Steinhaueri, 8... 

’coiinatum, M. .. 

lineare, M. .. 

irregulars, M. ......... 

commune, W. .. 

duplex, W.". 

trochlearc, Dot. 

ccntrule, I).. 

turbinatum, D. 

gracile, Blum. 

rectum, Bose.. 

excentricum, G.. 

nodulosum, G. 

imbricatum, W.. 

ngulatum, W. 

lmeatum, His.. 

etriulatum, V. Meyer.... 

inflatuin, G. ... 

Cyrtocoras scmiiunore, G... 

depressum, G. 

comptessum, G. .'. 

ornatum, G. ........... 

aunulatum, G. ........ 

Uneatiun, G. ... 

, .Bpirula comptessa, G... 

nodosa,G. *....... 

costata, G.. 

annulata, 9..... 

corinata, G. i . 

donate, G. ......'. 

coustricta, G. .. 

Nautilus divisus, M. 

intermediue, M. 

oratus, S..... 

' laitmtes perfect us, TV.. 

imperlectus, W.. 

unde scribed .... 

Ammonites (Goniatitun, v. B.) 

A. Gon. expansus, t. B. 

Means, v. B,..... 

Noeggeratbi,G. .. 

subdautilinus, Sch. ..... 
prunordialis, Scb. ...,<■.. 

Becheri, G...... . 

priscus, G. ............ 

antiquua, G... . 

Hsningbausii, v, B. .... 

Mllniteri, v. B. ... 

simple*. t. B. 

miiUiscptatus, v. B. 

inWjuirtrialuijM,...'. . 

senustriatna. .. 

•pwiosus, M. . itV . 

retrorsus, T. B.. 

Palmanni, His. ........ 


13rilt.lt Localities. Foreign Lucalllles, 

Newton Itnshel. 

.. Catskill Mountains. 

...Kite), Plottsburg. 

My mouth...Lithuania. 

... HlaDkenhcim. 

..Ditto, Bensberg. 

.Pfaflreth. 

.■.. Moscow. 

.. Ditto. 

...Ditto. 

.. ...Bensberg, Hats. 

Gloucestershire.Canada. 

.Lochport, Eifel. 

..May near Caen. 

Herefordshire. 

Dudley, Hereford*. Plymouth. . 

Salop...Kifel. 

.Mahnos, Christiania, New York. 

.... Elbersrcuth, F.ifel. 1 

.Tzarkos-relo. (8t. Petersburg.) 

... Elbumreuth. 

..Oeland. 

....Klbenreuth. 

.Ditto. 

...Ditto. 

...Ditto. 

.Ditto. 

.... Ditto. 

.Ditto. 

...In Sweden common. 

.. Kinmikulle, New York. 

.SuUcroe (Dalccarlia.) 

.. /.Ditto. 

. ... Oeland. 

.Geistlicher Berg, Wissenbacb. 

..... Kucliel. (Prague.) 

....Bensberg, Gladbach. 

.Kifel. 

....Guttland. 

..Ditto. 

.Ditto. 

...Geistlicher Berg, Frankeoberg. 

.Kifel, Guttland, Lake Huron. 

..Benslierg. 

.Kifel. 

.-.Ditto. ( 

.....Bensberg. 

.Kifel. 

.'..... Ditto.' 

.. Kibach. (Dillenburg.) 

..•.Kifel. 

. ... Ditto. 

.■.Ditto. 

...Ditto. 

... Ditto. 

..'.Montmorency Falls. 

.... Geistlicher Berg. 

...Hof Schleits. 

... Ditto. 

..Mtissehenf, Serai. 

...Jungby. (Sweden.) 

Herefordshire, Yorkshire. 




4 


• iees*<•\s a a 


« Geistlicher Berg* 

. Kifel. 

. Ditto, Wtamtach. 
■. Wissenbach. , 
. Han, Guslar. 

r\:lt_i._ 


........ Ditto. 

....Ditto. 

Bonsberg. 

e*e • a ..... Elbersrcuth. 

........ Goslar. 

..Kifel. 

.BIbemeutb. 


*•#»••• ae»e.» A •••**••• 
»|||| fstniitM a • e 


Ditto. 

Ditto. 

Mprtenberg. (VTaldedt.) 
Guttland. 

^ 4fl« 
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The mollusca of the slate system range themselves 
under 16 gasteropodous and 8 cephalopodous genera. 
There ore stated to be 64 species of thfe former and 
79 of the latter. The gasteropodous genera are mostly 
thought to be identical with those now in existence; 
excepting nautilus, all the cephalopoda are extinct gene- 
■ rically. All the species are extinct, though N. caurena, 
Lam., is (we suppose by mistake) quoted as found in 
America. 

The ammonites of this system are of the same generic 
types as those in the carboniferous limestone, with 
waved or angulated, but not foliaceous suture 11 
From the South of Ireland we have, 

Melania constricts.* 

Pileopsis vetusta.* * 

Merits. 

Cirrus acutus.* 

Euomphnhn catilius.* 

Pleurumaria cirriiormis. 

Uellerophon tunuifascia.* 
ovatus.- 
Orthoccras striatum. 

paradoxicuin. 


Nautilus glubutus.' 


Nautilus multicarinatus,* 

• _ cnriniferui.* 

(Ellipsotithes) fuastus. 

comfressus. 

ovatus. 

Ammonites. . 

In which list the asterisks show analogy to the carbo* 
niferous limestone, while perhaps not a single fossil is 
characteristic of the transition series. 

Out of 143 species of mollusca in this list, 16 ara 
marked as. also occurring (for the most .part plenti¬ 
fully) in the carboniferous system. The localities which 
produce these shells are the Devonshire limestones 
before mentioned, Blankenheim, Lake Erie, Shrop* 
shire, and the country about New York. We recom¬ 
mend the further consideration of this subject to the 
special attention of Geologists, in connection with 
Mr. Murchison’s recent discoveries in the upper slate 
system of Wales, in which all his researches appear to 
show a constant and complete difference between the 
fossils of the transition series and those of the carboni¬ 
ferous limestone, separated from it by four thousand 
feet of old red sandstone. 


Geo 

Ch 


Annulosa. 


Scrpula epithonia, G........... ..... Benjlierg. 

ammonia, G.Kifel. 

omptmloiks, G,.Michel Dean, Gloncestersliire Ditto, JJensberg. 

socialis, G...Ditto ditto. 


Family. 

Tcilobites. 


Crustacea. 

Jfump. British Localitlm. 

**-»-**»' • { “£$£££■ .^1: 

macrophthalma, Bt.. Dudley, Shropshire . 

. 

Tristani, Bt..*...,..| 

bellatula, Dal....... ..... 

orhata, D.... 

verrucosa, D. ..... 

polytoma, D. ... 

oetinura, D * ... 

■chlerops, D........ 

Schlottneimii, Bronn... 

latifrons, Br. .... 

soncinna, 1).,.. 

protuberant), D..... 

punctata, Wahl .. 

l*vigata,G. .. 

araennoides, G......... . .... 

upeciosa, Stensburg ..... .... 

aqualis, Meyer ........... 

Asaphus cordatus, Bt. .. 

caudatua, Bt. .......... Dudley, Ledbury, Tortvorth. 

cornigems, Sch.".. 

Hausmanni, Bt ..... 

De Buchii, Bt.... JJandUo, Bunlt. 

mucronatus, Bt. ... 

expansni, Wahl.Dudley . 

granulatua, Bt.... 

mtenuatus, W.J....»..... 

- Brangniarti, D.. ..... 

angustifrona, D....... 

Beros, D..;. ■■■ 

platynotui, D. ■*.... V 

. frontalis, D,’,.*. 

latviceps, D....... 

■ palpdhroaus, D. .. 

. ctassipaoda, W- .. 

dibtatue, D.... . . .;. 

auriculatui, D.;. 

Buceptvrtiw,G. ........ ... 

armahi*,G. u'.;.... 

Schroetcti,SchL.,.. .......... 

veiatus,Schl 




Foreign Localities. 

Ohio, Newport, Utica, Scania; OBtrogothia, Gottland, 
Kifel, 8tc. • 

Dusseldorf, Dillenburg, United States. 

Kifel, Grenville, Falaise, La Ilunaudicre, Rennes, 
Angers. 

Husbyfjoel,(Ostrogottland.) 

Ditto. 

Varying, (Weat Gnitland.) 

Ljnng, (West Gottland.) 

Berg, (Ostr.ig-oltl.iud.) 

Fiiriulal, (Dah-carlia,) Osfingnttland, 

Blankenheim, Daim, Gerolstein. 

Ditto ‘ ditlo ditto. 

Gottlaml. 

Westphalia. 

Gottland. • 

Gerolstein. 

Ditto. 

Oelnnd, Riihman. 

Dillenburg, Herborn. 

Gottland. 

St. Petersburg. 

Amliresbury, Neliou, Prague, CatskiQ Mountains. 
Kifel, Cycr. (Norway.) 

Miigseberg. (West Gottland.) 

Sweden, Norway. 

Varying, Olleburg, (West Gottland,) FurudaL' “ • 

Husbyfpe) Hcda. (OstrogoUlund.) 

Kifel, May, Nehou. 

Husbyfjoel. . 

Kinnekiille, WikarbV. 

West Gottland. 

Ljung. . 

Husbyfjoel. 

Ditto. 

Ditto, Christiania, Ttarkos-selo. 

Nonray. 

Karlstein. 

Kifel. . 

Ditto. ‘ 

Reval. 

Ditto. 
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* Name. 

Asaphus, myops, Ksnig .I 

puKtulatu*, Schl... 

, centrotui, D. . 

laticauda, D.. 

crassicnuila, D... ...... 

SBWJ— 

gloraerious, D... 

SS 5 &.}—h.»-- 

Ogygia, Gueltardi, Bt. 

Demnarestii, Ut.i. 

Wahlenbergii, Bt... 

Sillimani ............. 

Patadoxides, Ut. 1 m 

Oloaus, Dal. )Teflm.,Bt. . 

Sulzeri, Bt. 

spiiiulosiw, Bt. ... 

gibbosus, Bt. .. 

scaraboidet, Bt. . 

Hoffii, O ... 

Bucephalus, Wahl. 

macroceuhalus, G. .. .._ 
fiohuiiir... fi . • 


Dudley. 


Biitiah Location. . 


ilabellifcr, G. .. 
Agnostus piriformis, D. 


Foreign Location. 

Gotland. 

Otdand. 

Husbyljocl. 

Oemundahwi*. (Dalceurlia.) k 
Httabyljuel, Christiania, Tzarko-szido.’ 

Ilusbyfjoel, Skarpasan, Scania, Sic. 
Husbyfjoel. 

Ditto, Skarpasan, Varying. 

Angers. 

D'utu, Gerulstciu. 

Ditto. 

Muuat Schncctady. (North America.) 
Olstorp, (West Gottland,) (liner, (Bohemia.) 
, Ginez. 

Andrarnm, Scania, West Gottland. 
Kiunvkiille. 

Falkitping, (Oatrogottland,) West Gottland. 
Giner. 

Olstorp. 

Kifol. 

Ditto. 

Kiunekiille, MiissebCrg. 



The greater part of these Crustacea are peculiar to 
the slate system, and are distributed extensively along 
its range, generally in the upper slates and calcareous 
beds. No trilobite has yet been found in these strata 
in Scotland, Cumbria, Cornwall, or Ireland, but many 
species occur at Dudley, in Shropshire, Herefordshire, 
and South Wales, us well as iu Sweden, Norway, about 
St. Petersburg, the IIar«, the Eifel,’ at Angers, and in 
North America. Several species yet undescribed belong 
to the carboniferous limestones of England, which ap¬ 
pear different from those of the transition limestone. 

Fishes. 

Traces’of fishes have been found at Dudley, Tort- 
worth, and in the Eifel. - 

General Summary. 

There ore 553 species of organic remains, of which 49 
arc also found in the carboniferous limestone more abun¬ 
dantly. The principal localities for these species in the 
slate system are Devonshire and the banks of the 
Rhine. If we include the shells of the South of frelaud, 
the repetitions of species amount to 62. 

Plniits .... 14 species, of which 4 are marine, 10 terrestrial. 

Polyparia . .87 .. fibrosa 7, curticifura 2, celluliiirra 44, 

lumellifera 34. 

Railiar'm .. 31 

Conchifera. - 2l)fi .. plngyinyonn S5, meiomyona 23, bra- 
chiopoda 123. 

Mollusc a .. 143 ,. gasteropoda 64, cephalopoda. 79, * of 

which 11 are mouotludaaiia. 

Annulosn.. 4 

Crustacea . 65 

553 species, all marine, except a few plants,* 

Fishes ,,., 

f 

Secondary Strata. ’ • 

Carboniferous System. 

Physical At commencement of the second great period in 
geography the deposition of the stratified crust of the Earth, that 
ofthepe- during which the secondary strata wero deposited, the 
rod* surface of the Globe, as far as this can be known .from 
observations so long posterior, was in a very different, 
state from that which has been inferred to have been its 
condition before the deposit of the primary strata. Then 


it is probable that little dry land existed, and perhaps 
most of the mechanical aggregates of the primary series 
were produced by agitations of the comparatively shallow 
waters of the Ocean ; but now many mountain ranges 
and groups may lie traced dividing the Ocean into seas and 
gulfs of various depths and unequal area, within which 
materials swept forcibly by inundations from the .laud 
were mingled with chemical precipitations from the water. 
Thus the primary ranges of Scotland, England, Wales, 
and Ireland, the South of Fi ance, and the North of Ger¬ 
many, arc in' many parts enveloped in thick strata of 
conglomerate sandstones, shales, cool, and limestone; 
and these deposits begin to assume more local charac¬ 
ters, dependent on the varying Physical conditions of the 
particular case. 

The shales and sandstones, which are evidently (ho 
result of the mechanical action of water, contain the 
reliquiae of plants in great abundance, and the coal 
seams are wholly formed from the matter of terrestrial 
vegetables: but the limestones are full of marine shells, 
corals, and radiatedTminiuls. From the former we learn 
The condition of the land, from the latter that of the sea. 
The high temperature during the deposition of the pri¬ 
mary strata, indicated by the remarkable Consolidation 
*of the rocks befote the carboniferous era, may likewise 
be inferred from the tropical character of the plants 
associated with the coal seams, and the combine and 
other zoophytic animals embedded in the limestones of 
the carboniferous epoch. To this period likewise belong 
many mineral veins, many eruptions of basaltic rocks, 
and other effects of internal heat. 

The carboniferous deposits are generally very distin¬ 
guishable from those-of the primaryagroup ; most re¬ 
markably so, where, as is generally the case, their 
accumulation was preceded by a great elevation of 
the slate mountains: but in several instances the change 
* from the older slates to the shales and sandstones of the 
superior group is very gradual, (Hercfortfshire,) and un¬ 
accompanied by violence, and the organic remains are 
mostly congenerous. It is not then a new Creation, nor 
even a new System of Nature, that we arc called upon to 
examine, but another step in the scale of periodical 
operations, whereby the vacant Planet was replenished 
w,i|h life, and fitted for the residence of Man. 
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Geology. la England the carboniferous system, when fully ex- 
Ch. 11 . panded, admits of division into three series: 
v —v - "*' The old red sandstone, 

Divisions The carboniferous limestone, 

The coal formation ; 

am, anr j j n man y parts, (Somersetshire, Monmouthshire, 
Derbyshire, &c.) these are not only distinguishable 
but even strongly contrasted; the first by its red sand¬ 
stones, and conglomerates derived from the neighbour¬ 
ing primary mountains; the second by its almost un¬ 
divided mass of limestone full of marine exuvim; the 
last by its shales and argillaceous sandstones, bands 
of ironstone, and beds of coal. But, in Yorkshire, 
the limestone series begins to be intermingled with 
coal, sandstones, and shales; in the Northern parts of 
Northumberland these two series are intimately blended; 
and in the Island of Arran the diminished deposits of 
coal and mountain limestone arc included, and almost 
lost in one vast mass of red sandstone, with no clays and 
conglomerates. .. 

There is nothing peculiar in this: we shall' dud ex¬ 
actly similar phenomena among the superior formations. 
In fact, it is certain that among all the formations pos¬ 
terior to the slates, the distinctions of strata are mostly 
local, and even the formations themselves, however ex¬ 
tensive, are limited within the circuit of the anciently 
elevated primary mountains. Nevertheless, the red con¬ 
glomerates when present usually appear at the base of 
the carboniferous system, and the coal deposits are most 
plentiful at the top. This appears a natural consequence 
of the state of the Earth’s surface when the formation 
began. . The conglomerates should be most abundant 
in the oldest deposits, because they are evidently the 
result of the transient violence attending the elevation of 
the primary strata which they surround; then, in the sea, 
the period of succeeding tranquillity is marked by the 
most decided accumulation of marine spoils ; and these, 
according as they took place in' deep water or near the 
shore, retain a pure oceanic ciiaracter, or are mingled 
with the spoils of the land, which, increasing in quan¬ 
tity, finally buried them under the vast mass of coal 
measures. 

In describing this series we shall confine ourselves 
principally to the British Isles. 

Old Red Sandstone Formation. 

Origin of In most cases the production of this rook is evidently 
this forma- the effect of general convulsive movements. The slate 
tion - rocks of Cumbria, exposed upon their recent elevation 
to enormous waste and degradation, were rolled to 
pebbles, which were collected into hollows or rude val¬ 
leys, and reunited by a basis of red sandstone or red 
marl into vast irregular beds of coarse conglomerate. 

The mountains of Scotland are in the same way bor¬ 
dered by'enormous accumulations of the same character; 
fend those of North and South Wales are flanked by 
extensive deposits of pebbly red sandstone. 

This lowest member of the carboniferous system, 
though varying In character in every different cliff and 
district, fend Irregularly distributed; is an extensive and 
Important maSs uf rftnita. 

In theCum- The limited tmet of- old red sandstone adjoining to 
biun dif the slate district of Cumberland and Westmoreland, lies 
fnet. principally on the Eastern side, where it appears In 
patches, in Metl-fell, at DaCre Castle, Sedbergh, and 
Kirby Lonsdale, and near Kendal. Iq all these situa¬ 
tions it is a Very coarse conglomerate, With a basis of red 


sandstone or Vcd marl, filled with ‘fragmented masses. Geology, 
almost entirely derived from the neighbouring" slate ^ **• 
hills. Some of these fragments are quartz veinstone 
with micaceous iron ore. Each little patch of conglo¬ 
merate is nearly confined to a‘particular valley, and 
seems, in fact, to have been accumulated by currents 
which in the ancient times of disturbance passed down 
that hollow. No organic remains have ever been found 
in this rock around the district of the Lakes. In some 
places the quantity of pebbles is diminished, and the 
red sandstone forms separate beds; (Shapwells;) in other 
.places the red clay, alternating with blue and white 
layers, (as at Kirby Lonsdale,) so olosely resembles the 
new red marl, thpt nothing but the Geological relations 
could determine ‘the difference of the deposits. As 
might be expected in such a heterogeneous mixture, the 
beds and joints of the conglomerate beds are irregular, 
and it deserves attention that hitherto no mineral veins 
have been found to traverse it. Veins of calcareous spar 
occasionally divide it, and, what is remarkable, the peb¬ 
bles are often split by these veins, as they are in the 
contemporaneous conglomerate of Oban in Argyleshire, 
and the more recent Nagelflue of Swisserland. 

It appears from these circumstances, that dnring the 
period of turbulence which succeeded the deposit of the 
slates in Cumberland, the waters of the sea had a par¬ 
ticular tendency to deposit, near the shores, materials 
charged with red oxide of iron, and that the compara¬ 
tively quiet process by which sandstones and clays wore C 
thus produced was liable to violent interruptions, and 
the products in consequence mixed with a vast quantity 
of fragmental of the preconsolidated rocks, probably'urgcd 
downwards to the sea along the lines of dislocated strata 
which hud already begun to be excavated int6.valleys. 

Along the South-Eastern and Southern border of the In.Wale*. 
slate district of Wales, through Herefordshire, Mon¬ 
mouthshire,. Glamorganshire, and Pembrokeshire, the 
old red sandstone formation is much more fully de¬ 
veloped than in the lake district of the North. It is 
vastly thicker, more extensively spread out, composed of 
various definite parts, and consequently more regularly 
traceable through the country. Its boundary on the 
West Is by Caermarthen, Brecon, and Leominster. On 
the East it runs from near Cardiff, by the high district 
of Wentwood, Treiech, and Craig y Dorth, and by the 
Forest of Dean, which it encircles with a high boun¬ 
dary edge to near Leominster, where it seems to end 
abruptly. Its thickness in Monmouthshire and Brecon¬ 
shire can hardly be estimated at less than 2000 feet; 
but its lower edge is not always clearly distinguishable 
from Ihe greywocke slates beneath. 

One of the best sections of the old red sandstone is Monmouth 
afforded in the neighbourhood of Monmouth, beginning *hiw,&c. 
with the Kythin Hill,which is partbf the lofty boundary 
of Dean Forest. * 

Here we perceive that the thick conglomerate rocks, 
full of quartz pebbles, remarkably analogous to some 
varieties of millstone grit, form the very cap of the , 

Whole system, and crown the hills with magnificent pre¬ 
cipices fend solitary crags. Below is a series of red sand¬ 
stone rocks, productive of excellent flagstone, with one, or 
perhaps two, beds of a singular limestone, mottled with 
Ved, blue, - green, and yellow, sometimes much'inixed 
with clays, and always irregular. Though of argilla¬ 
ceous aspect, it is so nearly pure aa to be burned to 
lime; apd though apparently fragmentary, is realty a very 
hard stone, fit for the roods. It contains no organic 
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Geology, remains. The lowest part of the section exhibits an 
Ch. II. extreme abundance of red marls with white and green 
bands, undistinguishable from those of the new red 
marl. 

These characters accompany the range of the old red 
sandstone through the lower parts of Monmouthshire, 
and through Herefordshire, and part of Worcestershire, 
where the upper conglomerates are used as cyder mill* 
stones, and the limestone (called cornstone) is often 
employed on the roads. 

This limestone, indeed, notwithstanding its apparently 
irregular and fragmentary character, is one of the most 
persistent layers that we arc acquainted with, for it ac- 
companies’and characterises the old red sandstone along 
nearly its whole course. In Cuennurthcnshire it is par¬ 
ticularly remarkable in the cliffs near Laughnrne, from 
which specimens may be obtained not distinguishable 
from the “ gooseberry” stone of Monmouth. 

Scotland. The old red sandstone is largely developed in Scot¬ 
land, especially along the South-Eastern edge of the 
Grampian mountains, and on the North-Western side 
of the slate ranges of Lanimermuir, as fully described by 
M. Bone. As before observed, it forms in Arran the 
lower portion of one vast red sandstone series, the 
upper portion of which, not very different in any of its 
characters, is taken by Murchison and Sedgwick for 
the representative of the new red sandstone of England. 

On the Western side of Scotland the old red sand¬ 
stone is found at many scattered points in bays and hoi-' 
lows of the mountains, and has received very good 
illustration from Macculloch and the Geologists above 
named. Along the Caledonian Canal and in Caith¬ 
ness, strata of this age abound, and the Orkneys appear 
to consist chiefly of the same group of rocks. 

Almost universally this red sandstone system, how 
various soever in thickness and in quality of comp'jgj. 
tion, consists in all the lower portion, which rest?, upon 
the slate system, of a coarse conglomerate Sandstone, 
generally tinged red, full of fragments lar>'e and small, 
and rounded by attrition in water. This rock does not, 
like that of Cumberland, to which : A ig strongly analo¬ 
gous in composition, lie entirely in local hollows, but 
forms a continuous belt round nearly, the whole primary 
district, where the border of this is distinctly seen, and 
rises into hills of considerable altitude, which am in this 
manner wholly composed of the ruins of the interior and 
still higher primary mountains. The contemplation of this 
remark aide rock in the vicinity of the beautiful Lakes in 
the South-West part of the Grampians, can hardly fail to 
impress upon the attentive observer two propositions of 
the highest importance in Geology. 1st. That the accu¬ 
mulation of these mountainous ruins of earlier rocks was 
caused by the violence of water, put into activity by the 
elevation of the primary rocks, and favoured in opera* 
tion by the fractures which this operation produced in 
them. 2d. That, since all these effects, the whole region 
of primary and derivative rocks has been again elevated, 
perhups by a more insensible process, so as to raise the 
conglomerates to the height of 1000 feet or more above 
the level of that sea in which they were formed. 

According to the nature of the primary rocks in its 
vicinity, as remarked by M. Boud, the -red sandstone 
conglomerate varies in composition. The degree of attri¬ 
tion to which the fragmentary masses which it includes 
have been exposed, is here different in different places} 
without doubt according to the degree and continuity of 
the aqueous action accompanying the disruption of the 


primary strata. Tims on the banks of Lochnc'ss, at Geology 
the Pall of Foyers, we find it a sort of granitoid breccia, ( *>- ». 
with fragments slightly rolled of quartz, mien slate, ml 
granites, [primary limestones, Ac. We might easily 
admit that this granitoid breccia is in some degree nic- 
tamorphic, like certain breccias of Plutonic aspect in 
the slate district of Cumberland. The brccciated cha¬ 
racter, so remarkable at the Fall of Foyers, is speedily 
changed at a small distance into the usual aspect of u 
decided conglomerate. 

Along the South-Eastern edge of the Grampians, the 
composition of the conglomerate appears dependent in » 
high degree on the nature of the primary series on 
which it reposes. Near the granitic and porphyritic re¬ 
gion of Aberdeenshire, quartz, felspar, porphyry, granite, 
with garnets, sicnite, hornblende, compact felspar, are 
mentioned by Bouh, with gneiss, mica slate, and clay slate. 

But in the district of Loch Katrine, where Plutonic rock s 
arc less abundant in the slate system, the fragments cor. s i s t 
almost wholly of mica and chlorite slate. In Ob*.,,, un- 
have observed that the rock contains not only rn asses of 
trap rocks, but that its base is in places ulin* Jf t wholly 
composed of the substance of those rock? reduced to 
sand. Along the Lammennuir ranges, v ( |,j t h are com¬ 
posed of clay slate and trap rocks, tb c conglomerates 
contain almost wholly slate fragments a „d boulders, and 
lie in hollows of the chain, very r.,uch as the contem¬ 
poraneous deposits border the i'r.nilar slates of Cumbria. 

The inclination of the conglomerate strata is depen¬ 
dent ou tb*- configuration of the primary mountains, 
and ther*j is no doubt that tha stratification is for great 
length's of country in irregular accordance with that of 
the older rocks; yet this dependence is chiefly observed 
<> .iong the lines parallel to the axi6 of elevation of the 
Grampians, and is even there liable to great exceptions. 

In the vicinity of Locli Lomond it succeeds clay slate ; 
generally along the Grampians it rests on miba slate or 
chlorite slate; but along the Lammennuir hills on grey- 
wacke slate. 

Receding from the border of the mountains, the 
upper strata of ted sandstone are found nearly free from 
pebbles, composed of laminin of various quality, sandy 
or argillaceous; and sometimes, as in Perthshire, va ■ 
riously coloured. The greater part of the sandstones 
of Caithness, which ore usually ascribed to this era, are 
dark, carbonaceous, flagstone rocks, in a few places con¬ 
taining between their layers very interesting specimens 
'of fishes, which have been conjectured to belong to fresh¬ 
water tribes. Laminated sandstones abound in the Ork¬ 
neys. Red sandstones accompany the coal of Dumfries¬ 
shire, and in this part of Scotland we believe that the red 
sandstone series is, like that of Arran, agreatcontinuous 
deposit, in which the carboniferous limestone and coal 
seams form merely the parting, not always traceable, 
between the old red and the new red sandstone systems. 

A natural classification, in all the Southern parts of 
Scotland, made without reference to other parts of the 
Island, wouid, we think, include the carboniferous and 
saliferous systems in one general term, the red sandstone 
system having, as subordinate groups,' the mountain 
limestone and coal strata. 

This should diminish the anxiety sometimes felt aboift 
universal agreement in classification, and encourage 
topographical Geologists to employ fbt the country they 
describe the arrangement of Strata mqst suitable to de. 
velope the true local relations of the rocks. 

Metallic veins arc rare in the old red sandstone rocks* 
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Geology, but veins of crystallized earthy substances occur 'fre- 
Ch. It. quently. Carbonate of lime traverses it at Kirby Lons- 
dale,; sulphate of barytes near Monmouth and South 
Saunox in Arrau ; sulphate of strontian occurs iu it near 
Inverness; and asbCRtus in Kincardineshire. (Roue.) 
The joints in it are very irregular. 

In Inland. The mountain limestone, which underlays all the coal 
fields of Ireland, generally rests on old red sandsteue, 
which is unconformable to the subjacent slates. 

Mountain or Carboniferous Limestone Formation. 

The carboniferous limestone is a rock of which the 
history must principally be studied within the limits of 
the British Islands, for it is no where else so much or so 
variously developed. Its romantic rocks border many of 
the most beautiful valleys of the South-West of Scotland, 
• .'Northern and Central England, and encircle the wide 
pt .unary region- of Wales.' In Ireland, as Mr. Weaver 
- obse/ves, this limestone is the prevalent'and characteristic 
rock it.' most of the Counties, except Derry, Antrim, and 
Wicklow • 

■ The ron. antic channel of the Meuse runs for a con¬ 
siderable distance about Namur and Liege in a very 
remarkable rangt? of carboniferous limestone, along the 
. Northern side of the primary Blates of the Ardennes, 
and is prolonged Eastward to the German side of the 
.Rhino, near Dusseldo.'f, and continued Westward (be¬ 
neath a wide deposit of chalk) to the neighbourhood of 
Boulogne. The coal deposits of Poland are based upon 
dark limestones of the same age as the carboniferous 
limestone of England, but in general the cos', fields of 
the centre and South of Fiance, of Saarbruck, of 
Saxony, Silesia, &c. appear to be devoid of this rot'k; 
but Mr. Murchison mentions its occurrence in the North-• 
East of Bavaria and in Bohemia. It abounds in North 
America, accompanying coal and anthracite. 

It has been before remarked, that the carboniferous 
limestone presents itself with a very different aspect mi 
the Northern and Southern Counties pf England. In 
Somersetshire, Gloucestershire, Shropshire, South Wales, 
North Wales, Derbyshire, and Leicestershire, this rock 
appears an immense, neat ly undivided, calcareous mass, 
perfectly defined below by a hard -contrast with the old 
red sandstone or greywacke slate which supports it, and 
as distinct above by the abrupt covering of sandstones 
and shales which accompany the coal. 

Very rarely indeed in the Southern Counties, as iu’the 
rocky valley of the Avon at Clifton near Bristol, are ’.ny 
beds of red sandstone interpolated among the lowest 
strata of limestone; and it is only by a few unimportant 
partings of shale that the upper portion » at all assimi¬ 
lated to the incumbent 'series. The toadstones which 
irregularly inlcrlamiuate the thick limestones of Derby¬ 
shire are of igneous origin, and it is not, in proceeding 
Northward, till we arrive in .the valley of the ilibble,. 
.that any decided alternation of mechanical deposits 
breaks into distinct groups the strata.of carboniferous 
.limestone.# From this point Northward, almost in the 
ratio of distance, to the banks of the Tweed, the lime¬ 
stone becomes tnore and more divided by beds of sand¬ 
stone and shale, accompanied by ironstone, fossil plants 
«i)d coal; and thus, under Ingleborougli' we have a 
nearly undivided calcareous mass 400 or 600 feet thick ; 
but at Aldstone Moor no less than twenty different lime¬ 
stones, amounting altogether to 470 feet, obscured by 
the interposition of no less than 1086 feet of sedimentary 
/nitrate. 


Further North these mechanical admixtures increase Geology 
in amount, while the calcareous Btrata diminish, atfd at 
length, in the Northern parts of Northumberland, the '■‘•’v - ’"* 
limestone district has become a valuable coal field. 

To embrace the subject in its most interesting point 
of view, we shall commence our account of the carbo¬ 
niferous limestone with a description of its characters-.lp 
the “ Pennine Alps,” which border the Western parts pf 
Yorkshire and Durham, and the Eastern parts .of Cum-' 
berland and Westmoreland, and we shall connect there¬ 
with the analogous arches of limestone, which begird the 
primary district of the Cumbrian lakes. Taking this as 
a type of the formation, we shall be able to compare with 
it the other localities in the British Isles and on the Con¬ 
tinent of Europe. 

This tract of country has been, for different objects, 
partially described by Professor Sedgwick and other 
Geologists, and their views, whether published or not, 
will be recognised in the following summary. The 
Cumbrian slntes are surrounded for three-quarters of a 
circle, from Egremont to Ulverston, by a belt of limestone, 
which reposes indiscriminately upon the lower slate 
near Loweswater, the middle slates near Ulswator, the 
upper slates from Shap to Ulverston, and the old red 
conglomerate at the several points of Dacre, Scdburgh, 

Barbon, Kirby Lonsdale, and Ulverston. 

The South-Eastern, part of this circular belt fonns 
part of a long range of limestone cliffs facing the West 
from Ingleborougli to Tindal Fell, defined by one conti¬ 
nuous line of elevation nearly 1001) yards in height. Pro¬ 
digious transverse dislocations occur at these points, that- 
at the Northern end ranges East and West, and causes 
an immense depression to the North, after which the 
limestones range North-East through Northumberland ; 
x.hut at the Southern end ranges West South-West and 
KasJ- South-East, and causes an equally striking de¬ 
pression to the South, after which the limestones show 
themselves locally, and in much disturbance, as lar Smith 
as Clithero.' 

From the high Western escarpment before mentioned, 
the strata sink with a very regular inclination Eastward 
or South-Eastward, anti are exposed in the valleys of the 
South Tyne, Derwent, Wear, Tees, Greta. Swale, Yore, 

Kibble, Wharfc, Nid, and Aire, bordering those streams 
with some of the boldest and most picturesque rock 
scenery in England. 

The grand natural section of Ingleborougli ami 
Penygant presents us with the following series of rocks 
belonging to tile carboniferous limestone. 

Fcit. 

1. Group above the lime-1 Alternations of #an<lntone ami sl,.i!u 

atone, commonly cal-1 with bad coal on Penvgant. Kill 

led milUtoae grit t>e- [ MiUatone grit of Ingleborough.... CO 

, rice.... J Alternations of aaiulutone and abate 10(1 

fThin limeitoop .* 8 feet 

2. Upper belt of 1 i mo-j Shale.10 

..ttH** 

3. Altetnationa'principalty of ahales and aanditones, Home of 

them flagstone*, with thin limestones ...300 

4. Great scar limestones with calcareous conglomerate beds at 

bottom.....400 

This scrips rests on slate rocks. 

Proceeding'Northward from Ingleborougli we arrive 
in Wcnsicydale or Ycrodalc, and find the-section modi¬ 
fied as under; 
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Millstone grit series. 

1. Abovg the limMtOM. 


3. Flagstone system.... 


2. Upper lipiestoue belt. 


;j. flagstone system.... 


4. Scar limestones . 


Geology. . r£oari» abd fine sandstones, shales,1 • 

OK. II. - . I ut cui... I • 

Coarse,, fine, and slaty sandstones, Lm* 
shales, cherty beds, and coax. ... I 
Millstone grit of Ingleberough, I 

1 shales, cherts, and coat.. ■ " 

(Thin limestone, sandstone, shale... 

a Trimer « _*_ belt J Main m twdVe fathom limestone... (non 

‘ I’i*' ‘ j Shales saudstonos and coat, under-r 

. v set limestone.. .J . 

Alternations of flagstones of various 
quality, in great abundance, with 
shales, coat, hard gritstones, and 
three'or four strata of limestone, >500 
from G to 30 feet thick. The black 
marble of Dent ia nearly, at .the 
■ base of this group.. 

*■ *■—. 

The series is incomplete, other limestones existing 
below. 

Here it will be perceived the group No. 4. has be¬ 
come divided into distinct parts ; and the calcareous 
portions of No. 3, are also more defined and more im¬ 
portant. No. 2. has assumed that character of a decid¬ 
edly double belt, which henceforward distinguishes it for 
a great distance to the Northward. 

Our next station will l* taken in Swaledale. 

Port. 

( Coarse gritstones, shales, finer) 

sandstones, shales, and com.. jfiflO, 
Variable series of thick shales,s 800 

with sandstones and cuai , 1200) 
and local interpolations off 

limestone and chert.J 

Limestone. 3 

Shale, Ac. G3 

Main or twelvu-fathom lime.72 ^252 

Grit, chert, shale, and oo.u. .... 00 

Underset lime. 18 

Variable alternations of gritstone, 
flagstone, and plate, with three or 
four limestones from 6 to 30 feat 

thick...:, 

Of great thickness, but only par 

exposed in the bottom of Swale-} 

dale. j 

The groups 1 and 3 have now become more coinnli- 
cated, and require further division us compared with the 
Ingleborough section, ami thus we are gradually con¬ 
ducted to tite still more developed aeries of Aldstone 
Moor, as described by Forster. 

Calcareous Ollier dc- 
beds. pants, 
yds. ft. in, yds. ft. In. 

Alternations of sandstone,(coarse 

and fins) and shale. 23 10 

1. Felltup lime .... 1 1 6 ' 

Alternations of laminated and 
other sandstones, shales, iron¬ 
stone, and coal .. 109 2 8 

2. Limestone. 3 0 0 

Alternations, plate, &c. with coal 16 2 0 

Limeetone.21'0 0 

3. Parting.... 10 0 8 

4. Limestone.. 016 ' 

Sandstone and shale and coal. . 23 1 0 

5. Uudersetlimestone. 8 00 

Sandstono and shale (Nattrin 

Gill Haile). 17 0 0 

6. limestone. 300 

Sandstone and shale. ft 1 6 

7. Limestone (5‘yards),......... 2 16 

Sandstone and shale. 10 0 0 

8. Scar limestone...10 0 (7 

Thin alternations. . ' ]5'0 0 

9. Cockleshell limestone......... 020 

Alternations... 5 2 6 

10. Limestone (tingle post) ....... g q g 

A l t e rn at i ons....... 20 0 0 

VOL. V*. *- . - ■ ■ 


(Vcarsuiis UlVr do- Geology, 
beds. 1 wV' 

tiU. ft III Wile. ft. ill *'’**• * “ 


j340 


1. Mill¬ 
stone grit 
scries. 


2. Upper 
limestone 
belt. 


3. Flag¬ 
stone 
system. 


'4. 

Hem 

lime* 

stone. 


,,, _ . j«Rft in yiW, ft. m. 

(11. Tyne bottom limestone......’... 8 0 0 

Alternations in the upiu-r part of 
which the “ Whin sill , \i<-ncous) 
occurs, (20 to 40 yards thick).. . 24 2 6 

12. Jew lime.... 8 0 0 

Alternations... 826 

13. Little time. . COO 

J Alternations... .. 30 0 0 

14. Smidrly lime ..... 10 1 G 

Sandstone .... 400 

15. Limettone..... . 8 16 

Alternations... 7 0 6 

16. Roblnson’qlime.. 7 0 0 ’ 

Alternations... 400 

17. Great limestone, Mtlmerby scar. .'410 0 

Alternations and com. . BOO 

18. Limestone ..... 4 0 0 

Alternations . 55 0 0 

19. Limestone ... 2 1 6 

Alternations and coai.. 73 2 0 

20. Limestone.... 6 0 0 

Alternation*,... 78 0 0 

156 2 o' 562 0 2 

It is probable that even this section does not show ns 
the full depth Of the series. 

We have for some time been occupied in endeavours 
to ascertain exactly the line which- in the A histone 
section separates the groups 3 and 4 of Yorkshire, and 
the above result is very near the truth. 

Combining ’together the preceding statements, we 
haye the following, results iu total thickness : 

Croup. 

1. ijdilUtone grit series 

(incomplete series) 

2. Upper limestone belt. 

3. , Alternations, or flag¬ 

stone system. 

4. Scar limestones..... 

In the following tabic the relative- proportions of the 
calcareous aud the other deposits ure estimated : 


rcDyp.nl 

Wenstay. 

. (tola. 

8watadata. 

A id,Tone 
Mour. 

260 + 

700 

. 800 

409 

80 

200 

250 

247 

300 

400 

250 

304 

400 

250 + 

120+ 

1196 


n. 

lVnvsant. 

Wenstayiltle. 

SwhMftkv 

AltMane M»ur. 

| 

T.irac- 

Other de¬ 

Lfme* Other do- 

Islixuv Other tlu- 

Idint’k (it her Hi* 

a 

ktone*. 

posits. 

stones, posits. 

feUlOAH. 

HtOllUk. 

JMieUts. 

1. 

t 

260 

? . 700. 

' 10 roo 

4 

407 

2. 

70 

10 

100 100 

93 157 

97 

150 

3! 

30 

270 

60 350 

40 210 

51 

250 

4. 

400 

- 

150-1—IOO 

80+- 40 

313 

883 


500 

540 

300+ 1250+ 

223+ 1197 + 

468 

1*688 


We roust remark dll at this comparison is imperfect, 
because the sections are not in each case defined above 
or below by.the same beds;-in order to obtain a foirer 
numerical comparison! we may omit altogether the beds 
above the upper limestone belt, aud, on account of its 
incompleteness, the fourth group in Wchsley Dale and 
Swaledale. 

We shall then have the following corrected scale: 

*■»■»* "SST ew.tad.le. 

Upper limestone belt 70- 10 100 100 93 157 97 150 

Flagstone system_.... 30 270 50 350 40 210 ) 54 250 

Bor limestone*, a........400 — —> —» — *— j313 JjS3 . 

'/ '.V' 500 280 484 1283 

Had we* instead ofPenygant, chosen Great Whernside 
l for our section, we should have had the limestone of 
these groups about 100 feet, and the other deposits less 
than 200 feet;. and if we had taken a section m North¬ 
umberland, instead of' Aldstone Moor,- (he limestones 
would have been less than 200 feet, and the other de¬ 
posits probably nearer f 000 feet. The principal changes, 
as Wo proceed Northward; appetf to happen in the 
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ower .part of the limestone group, which loses its indi¬ 
viduality by admitting between its beds a constantly 
increasing quantity of mechanical admixtures, and at 
length becomes a subordinate feature in a country which 
has the characters of q coal field. We shall now trace 
the course of tba carboniferous limestone round the 
• Cumbrian mountains, and through other parts of Eng¬ 
land. , ‘ ' 

The lower,or as w» shall name it “‘scarlimestone“group, 
passes Westward from Jngleborough by Kirby Lons¬ 
dale, Burton, and Cartmell to Ulverstone and Dal¬ 
ton; extending Northward to Kendal (See Smith, 
Geological County Map*.) This group every where 
possesses the almost qt holly calcareous character which 
it bears in Ingleborqugh. On the South of Ulverstone, 
it is covered by the intermediate grit and plate series 
'with traces of coal, and a more extensive deposit of this 
kind South of Kirby Lonsdale, yielding useful coal and 
flagstone, is again overlaid by the upper belt of limestone 
and afterwards by the millstone grit series towards Lan- 
caster. 

Under Wild Boar Fell, on the borders of Yorkshire 
and Westmoreland, the scar limestones begin to exhibit, 
in consequence of dislqcations, a doable escarpment, the 
Western branch posses off by Ashfell, Orton, Shap, and 
Lowther, to theEamont,andeontinuegby Grcystoke Park, 
Hesket, Ireby, and Cockertnouth to Egremont. These 
limestones alternate in their lower {arts with red sand¬ 
stone, by some Geologists referred to the old red, and 
diminish In thickness Westward. They ere overlaid, by 
deposits of the grit and shale series near Shap, Hesket, 
Newmarket, and Bolton, but from Workington to 
Whitehaven the. thick and abundaut coal seams prdbably 
belong to the ordinary coal series above the millstone 
grit There is, perhaps, unconformity here between the 
coal measures and the limestone, a case very rarely ob¬ 
served in England. 

Agreeably to what has been said before the scar lime- 
stones, in passing through Northumberland, become con- 
, Unually more and more subdivided by interpolations of 
sandstone, shale, and coal, till on the sea-coast North of 


too deep to be seen, and the upper belt of limestone 
appears to be extinguished; so that this part of the 
.Western boundary of Yorkshire is occupied by a vast 
thickness of the millstone grit series and the flagstone 
series, without any disetosuroqf the subjacent limestones, 
even in the deeply excavated valley of Todmorden. 

In Derbyshire, putting out of the question the irre¬ 
gular interpolations of igneous rocks, called toadstone, 

. we have the scar limestones more than 750 feet thick, 
surmounted by shale with their alternations of sand¬ 
stone, limestone, ironstone, &c. 500 feet, and the hills 
me crowned by bold ranges of millstone grit, and its 
accompanying sandstones, 360 feet in thickness. 

See pi. i. fig. 15. which expresses iii general terms 
the method of variation of the carboniferous limestone 
and millstone grit series of the grand Pcnine chain. 

South of Derbyshire we haveno longer the same re¬ 
markable mass of strata interposed between the scar 
limestones and-the proper carboniferous sandstones and 
shales. The limestone, wherever it occurs in North 
Wales, Shropshire, the Forest of Dean, Mendip, and 
round the coal field of South Wales, refers itself to the 
type of the scar limestones of Derbyshire, and it is only 
by a very imperfect representative in Shropshire and 
the Forest of Dean., and on the Northern border of the 
coal field of South Wales, that the millstone grit series 
can he recognised. 

Hie limestone tract along the Meuse is evidently of 
the same era as the limestone of Derbyshire and Mon¬ 
mouthshire, and continually recalls to the delighted 
voyager the beauties of the Derwent and the Wye,.but 
the strata above it are with difficulty compared with those 
of any part of the English basins. 

Having thus compared in the most general point of 
view the component groups of tbe carboniferous lime¬ 
stone and millstone grit series in different localities, 
and ascertained the method of variation which it observes, 
we shall endeavour to describe some of the principal 
characters of these several groups. 

Scar Limestone*. 


Belford,„a part of this series contain* no Iesa .than thir- The carboniferous limestone, though by no means of General 
teen bands of limestone, (1SI feet in total thickness,) one uniform aspect or chemical composition, possesses, 
separated by many times their thickness of sandstone and nevertheless, a certain range of mineralogies! characters <» the rock 
shale, and Under the whole lie workable seams of coal, which are scarcely to be recognised in any of the other 
The character of the surface of alt the Western and secondary calcareous deposits. It is usually a nearly pure 
North-Western part of Northumberland correspond* to carbonate of lime, of a greyish or even very blue tint, of 
this change' of the component strata. Instead of the considerable hardness, and imperfect concboidal fracture, 
beautiful green pastures which delight our eyes amidst Some of the varieties are very dark coloured, and even 
the calcareous-dales of Detbvsbire and Yorkshire, wide, quite blade,, (Swansea, Abergavenny, Kilkenny, Derby- 
heathy, and .boggy moorlands overspread the surface of shire, Yorkshire,) but the latter commonly contain a 
sandstones andsnqlee, and we seem to Wander in a region minute admixture of argillaceous and bituminous matter, 
of barren coal measures rather than on the range of the Many varieties exhale a fetid odour on being rubbed or 
thickest carboniferous limestones. This n>ay serve to bruised. In Derbyshire, and generally along the York- 
explain the seeming anomaly In Mr. Greenough’s Map, shire and Westmoreland ranges,-the scar limestones 
where tills unquestionably carboniferous tract is repre- contain considerable beds of a granular and even brec- 
ssnted as distinct ftom any of the strata In the British dated limestone capable of being employed as good 
Motion. ( Mr. Smith Colours jthe whole space as a cod freestone, and some layers ia Derbyshire and Westmore- 
trset. land appear almost wholly composed of crystalline grains, 

mDn the contrary, in proceeding Southward along' the and contain magnesia. A crystalline variety in Derby- 
fHIde, we find tm lower scar Vnwetones in great force shire is mixed with red oxide of iron. In the country 
wont CMtherU,Sorm minted by • considerable mass of about Burton in Kendal and Clifton, near Bristol the 
rimles with sandstones, corresponding to the shale and stone is often decidedly oolitie, and even exhibits ennui- 
grit series of Ingfaherougfi £abeya thsse,ia Handle Hflf, derablc variety in this respect The lower layers which 
.appears the diamrished upper belief fbaetton*, and, over test upon the slate on the Craven mountains, at Kendal, 

'all, the millstone grit serin, bum alee occasionally yield- and near Penrith, are filled with largeand small boulders 
iBgeaal HenretoDeibyiMtotbafcw of the slate* so as to became • sea) esaffcaweatS, 
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Geology. Bat the most decided characters of these rocks are 
Ch.IJL the orgartic remains, all,of which are different from 
those of the strata abbve. The prodigious abandonee 
of product®, sptrifer®, terebratule, acia other shells, of 
lamcllatcd corals, and'above all, of crinoidal remains, 
vrilt almost always enable even the tyro'to pronounce on 
the identity of uie mountain limestone. Crinoidal re¬ 
mains, in particular, are so excessively abundant in 
certain parts as to constitute fully three-fourths of the 
mass of the rock. 

Chert beds A remarkable character is imparted to vertical sections 
slid nodules, of this rock in the Mendip bills, hr several parts of Der¬ 
byshire, and the neighbourhood of Clitheto, by nodules 
of chert imbedded in the limestone, often at regular 
■ distances, like the flints in chalk. A very striking sec¬ 
tion of this kind is seen in Valius Bottom, near Wells. 

' This chert is usually of a dark grey, or even black 
colour, but occasionally it is white, and in general 
its colour corresponds to that of the limestone beds 
which contain it. It rarely contains any organic nucleus, 
and thus differs from a large proportion of the flint 
nodules in chalk, with which, in the manner of its pro¬ 
duction, and in its relations to the calcareous rocks, it 
seems otherwise very analogous. The cberty layers ha 
green sand and coralline oolite are also analogous in¬ 
stances, and we have hereafter to notice a similar cha¬ 
racter in a certain portion of the magnesian limestone. 
Proceeding Northward, as the limestones are divided, 
these chert nodules are less plentiful, though in Cover- 
dale, in Yorkshire, they abound, and at Olenwhelt, on 
the Homan wall, shells of the' genus Hellerophon have 
been detected in a very dark chert imbedded in the lime¬ 
stone there. 

Chert beds. The curious circumstance of conversion, as the miners 
say, or rather substitution of beds of chert for beds of 
limestone, generally at the top of the rock, is noticed in 
most parts of the limestone tract in England and Wales; 
and very often it happens, as in Westmoreland, that the 
corals are converted to silicious matter in the midst of a 
block of limestone. It is probable that the substance 
resembling rottenstone of Dentdale, Swaledale, and 
Aldstone Moor, may be occasioned by decomposition of 
this chert, but Mr.Parey thinks the rottenstone of Derby¬ 
shire is owing to a decomposition .or change of the shale 
limestone near the surface. A specimen collected by the 
author at Aldstone Moor in 1820, which as to substance 
is a kind of rottenstone, is evidently decomposed chert, 
and contains several fossils of the limestone series, es¬ 
pecially a very small species of trilobjites. Similar facts 
are common in the Yorkshire dales. 

Bitumen in solid masses lies very^ frequently in the 
beds of the scar limestone, and enters the cavities of 
product®, orthocerata, &c.; as at Castleton, and near 
Clithero. In a liquid OS welt as solid -state it will be 
noticed under thenext division of the carboniferous strata. 
Physical 1 The surface of the Country which is occupied by this 
geography, roek in England is remarkably characteristic. Having 
been exposed to many repeated convulsions, it'is thrown 
up to considerable altitudes, and placed in a great va¬ 
riety of positions favourable far the exhibition of Ibe 
changes wrought on it by the atmosphere and streams. It 
is principally to the hardness and comparative durability 
of this lock, eoqjoioed with its stratification and extensive 
system of joitUt, that we owe' tbe grand ranges of vertical 
escarpments, which begird with a perpetual fortifi¬ 
cation the rides of the d al e s bf Yorkshire anti Derby¬ 
shire. Often, indeed/ the wasting effect of the ele¬ 


ments is sufficient tc excavate vertical rents and to Geology, 
insulate the great prisms of the rock which, especially v ch - “• 
in Dnvedale and other parts of Derbyshire, give the must y 
romantic features to the valleys, while the same effects 
upon the high scare, in Yorkshire and Westmoreland 
show like towers and bastions projecting from the wall 
of rocks or among the green herbage which has spread 
around them. 

Frequently Upon broad surfaces of limestone, especially 
where it alternate* vritit shale, we find ourselves suddenly 
stopped by a deep vortical pit in. the racks, worked by 
some little rill, or even by the mere gathering of reins, 
an effect more frequently observed in the course of 
streams, which, like the Colder k> Cumberland, traverse 
the ranges of this roek. These " swallow boles," as they Swallow 
are justly espied, often sen* to markoot uninterruptedly hole*, 
for miles the lines of limestones, Whose actual edges may 
be obscured by the sliding of other matter over them. 

These svrwiow holes sometimes communicate down¬ 
wards with internal caverns, which are nowhere so 
abundant as in the lower or scar limestones. It is to 1 
them we must refer the numerous caverns of Mendip 
hills, in Somersetshire, the racks of Clifton, the Forest ' 
of Dean, the celebrated caserns of Staffordshire told . 
Derbyshire, and those beneath Ingleborough and Peny* 
gant,4n Yorkshire. Further North, along the Petrine 
chain, where these limestones grow thinner, the caverns 
become less numerous, aqd In the same proportion the 
phenomenon of underground streams is rarely observed. 

This remarkable phenomenon is evidently dependent on 
the thick ness, as well as on the open joints ami absorbent 
surface of the rock, and examples of the same kind oc¬ 
cur in various other thick calcareous strata of England, 
as the oolites and ehallc, as well as in the dura, limestone 
or oolite of Germany and France. It is to the same 
causes that we must ascribe the extraordinary strength 
of the springs which issue as dear as crystal from the 
openings of this rock : but, being highly charged with 
carbonate of lime, soon deposit along their channel 
abundance of tula. The herbage upon this limestone is 
usually short, elastic, and nutritious, and of a lovely ' 
green, which contrasts strongly with the bluish aspect 
of the moist surfaces of the shales, and the brown tints 
of the heathy moorlauds of millstone grit. 

Flagstone Stria. 

The shale and grit, or flagstone series above the scar I« Derby- 
limestones, is ealleti.in Derbyshire the limestone shale. ‘h* 1 *- 
It is about, 900 fret thick, and consists principally of 
black or brown rather durable shale, forming a very wet 
soil, and causing land slips Of great extent beneath the 
millstone grri ,summits. Main Tor, the “ Shivering 
Mountain, hear Castleton, exhibits these characters 
very decidedly. The shale, however, jb interstratified 
to a great extent, and with a considerable regularity, with 
thick rocks of finegrained micaceous gritstone, of excel¬ 
lent quality for building, and, as We have observed, 
generally at'the bottom of this rock, wHh good durable 
. micaceous flagstone, very similar to that in the more 
repent coal strata. Some less regular sandstone beds, 
called “ Ctmkatoqe,” approach very nearly to the nature 
of the ganisiet or ealliard rocks of the coal strata. Mr. 

Farcy, who considers these intrrpolstkM* as anomalies, 
yj d lt f \j tbe game name the very characteristic beds of 
{4 4 ; argillaceous limes tons which Me in this shale, at 
, Ashford, near Bakewell, end near Ashborne, and pro¬ 
duce Hum fit fcr water cement. The frequent coator- 
4 a 2 
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tious of the limestone and shale are noticed by Mr. 
Farey as very remarkable. Ironstone balls lie, in 
bands in this shale, a few impression* of fossil plants 
have been collected, and very thin coal seams observed, 
not worth the expense of the fruitless trials in search of 
them. Liquid bitumen is mentioned at several points 
in connection with the limestones in this shule. -. 

This description of the Derbyshire limestone shale 
would apply with scarcely a varying sentence to the 
broad argillaceous strata which cover the thick lime¬ 
stones of Craven. The same Abundance of shale, 
occasional interpolations of sandstone, ironstone, and 
laminated beds of dark limestone, the same traces of 
boat and liquid bitumen, the same contortions, may be 
traced in Craven and in Wharfdale. More divided by ’ 
sandstones and limestones, the same shale is recognised 
in Pendle Hill, Ingleborough, and Penygant. The 
locality most remarkable for the abundance of liquid 
bitumen is nt Flasby in Craven, where. Mr. Preston has 
excavated a considerable quantity of the black argilla¬ 
ceous limestone, and found it associated with abundance 
of nautilus sphericus besides large orthocerata and 
the curious fossil formerly supposed to be a pleuro- 
branchus. The nautili are generally inverted or 
have their cavities filled wilb liquid bitumen, and small 
solid lumps of the same substance are likewise met,with. 
This, amongst others, is one strong reason for believing 
that the darkness of colour of these limestones and 
shales is due to the admixture of carbonaceous matter. 

By a recent communication of Sir Philip Egerton and 
Lord Cole to the Geological Society, we have learned 
that the lower coal shale, as it has teen termed in the 
Western Irish coal fields, is precisely analogous not only 
in mineralogipal characters, and in its geological position' 
between the mountain limestone and the true coal mea¬ 
sures, but also in its organic remains, to the " lime-, 
stone shale” of Derbyshire and Craven.' The same 
ammonites, the same posidonl®, (Bronn.) and other 
characteristic fossils occur in these for separated districts; 
and in general,so strict is the accordance in all respects, 
that no Geologist accustomed to the strata of the North 
of England, could fail to- recognise in the' mountains 
above Enniskillen an exact analogy with Ingleborough 
and Great Whernside. ... •. u . 

. In the further continuation Northward of this scries of 
ahaleB, sandstones, and limestones, the limestones, as before 
observed, thicken, the alternations of sandstone and 
shale therefore become more frequent and divided, coal 
seams intervene, and the whole assumes the character of a 
complicated coal and limestone deposit. It is possible, 
in tracing -the different. limestones. enumerated in this 
.scries, to assign characters of local permanence. Thus 
the beds most remarkably stored with crinoidaT reli- 
quite, .are those of the •' main , lime,” in Pendle Hil), 
Ingleborough, Cam Fell, &c.; the black limestone nt' 
Whatley, Kirby Lonsdale, and Dent, is.almost wholly ; 
deprived of them, like the same beds in Derbyshire; 
product® abound on the top of the main lime, Caryo- 
phylli® ere often plentiful in the beda below it, and one 
thin bed oflitteston*, at Aldatoae Moor, receives, in con¬ 
sequence of tho nature of its organic content), the name 
of Cockleshell Lime, CJhert lies frequently on the top 
of the main lime,and underset or four fatbpm lime beneath 
it, as well as on the topof the little lime or erow lime 
above it. Slaty sandstone {yielding flagstone occurs 
both in the alternations under the maifl Ibne.and in 
those still jower between the < underset and scar lime- 
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stones. In one or other of these places in the section, 
flagstones'are dug in .Swaledale and Yoredale,-in Gray- 
garth fell, near Kirby Lonsdale, and Garstang, and it 
is probable that the flagstones of the North of Derby¬ 
shire belong to the same, epoch. ■ • In some of the very 
hard sandstones Vhich occur In this series in Swale¬ 
dale, (like the cankstone of Derbyshire,} stigmatise and 
other fossil plants occur,, but in general the coal seams 
are not accompanied by many vegetable-remains, o 
A kind of rottenStane, as’ before mentioned, occurs 
in this series in Dentdale and gt Aldstone Moor, and 
probably in many other places is produced from* the 
decomposition of the chert. 

f * The shales of this tract are usually dark, close, and 
fissile, and traversed by immensely long straight joints 
ranging North by West, and South by East,' East 
North-East and West South-West, dividing the rock into 
rhomboidal prisms. They often contain nodules of 
ironstone. A very remarkably indurated flinty shale, 
fit for use on the roads, which occurs in Swaledale and 
Yoredale above the main limestone, is called “Black 
beds.” '. 

The sandstones vary as to fineness of grain, and some 
of them in their progress through Northumberland 
assume such a coarseness of aspect, as to be in fact 
undistinguishable from the “ millstone grit" of the next 
group, 

‘ The marine fossil remains ore almost wholly confined 
to the limestones and the cherts which sometimes re¬ 
place them, but the few vegetable remains belong wholly 
to the sandstones and to the coal. « 

In the Midlothian coal field in the Counties of Edin- Coal field of 
burgh, Haddington, and Peebles, Mr. Farey sen., in Midlothian 
1816, ascertained 337 principal alternations of strata 
between the surface in the town of Fisher Row on the 
banks of the Frith of Forth, (where the highest of these 
strata occur,) the commencement of the basaltic rocks 
forming the general floor and border of this important 
coal field. These strata lie internally in the form of a 
lengthened basin or trough, and consist of sandstone, 
shale, coal, limestone, ironstone, Ac. 66 seams of coal, 
counting the double seams as one; 7 limestones; 72 . 
assemblages of stone and other sinkings; in all 5000 
feet in thickness. 

Upper Limestone Bell. 

The only additional remarks which we shall make on 
this portion of the strata refer to the remarkable varia¬ 
tion of character, by which the limestone in several 
places is gradually changed to or suddenly replaced by 
chert. Thus in Swaledale the umted. thickness of the 
underset chert and underset ■_ lima (the former bring 
uppermost) is nearly constant, but the thickness of each 
is extremely, variable. , In like manner in Wharfdale, 
about KetUewell, the underset ’ lime Just before it ex¬ 
pires entirely under Groat Whernside, is represented 
only by hard chert, and the main lime of the same district 
before it thins (At and dies.away becomes remarkably 
cherty, both by the change or whole beds and the intro¬ 
duction of chert nodules. Thera appears some reason 
to attribnte this effect, in one ease, to the operation of n 
Vkiu, while in others it may, perhaps^ he properly .viewed 
a* indicating merely the suppression of the eakarooua 
deposit independently ■ of the silidoui,,/ It must' be 
ohniied,'. however, that the notk» of miners, and that 
{first suggested to the Geologist, -agree jo assigning the. 
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0« U, W* effect in some, instances, even independent of dykes or 
c ° ’ »• j veins, to -a real. chemical conversion of the nature of' 
the rock since its deposition. - 


Mineral 

compost, 

tion. 


Millstone Grit Series. 

' ' ' i* ., '■ . 

The difference.of composition between th<! coarse 
sandstones which abound in this part, of the series, and. 
those of finer grain which alternate with the limestones 
.below and the'boats' above, 1 is rather apparent than 
essential. That all these sandstones arc composed of 
the broken and triturated ingredients of' older crystal¬ 
line, generally granitic compounds, is evident upon in¬ 
spection,. Their most abundant ingredient,, sand, is 
plainly in lhe state of minute pebbles, and the size of 
these grains is sometimes sq very, small, that their 
coherent mass' assumes almost a crystalline aspect, ns, 
for example, in the Calliard stones. On the other hand, 
in millstone grit they arc of all sizes under an egg, 
though pieces of greater size than this are sometimes 
seen. These are evidently quartz pebbles of different 
kinds, corresponding to the quartz of veins and of gro-. 
nites. Hose quartz also has been observed. The next 
abundant ingredient is felspar, which is probably pre¬ 
sent in all these sandstones. In the millstone grit this 
mineral occurs in rounded pebbles whose internal struc¬ 
ture is perfectly crystalline, like the large rhemboidal crys¬ 
tals in the porphyritic granites, lienee we learn elearly 
the history of such a sandstone deposit. The materials 
were derived from crystallized rocks, and.were subse¬ 
quently more or less rolled about ami deposited in water. 
Mica, the third ingredient of granitic rocks, is less abun¬ 
dant in millstone grit, .except in certain layers where it 
is occasionally very plentiful. It is usually of a pale 
siivery colour and is in very thin fragmentary scales. 
The decomposition of the felspar leaves a white, soil, 
unctuous substance, analogous to the kaolin of decom¬ 
posed granite, and this forms n feeble cement, for the 
grains of sand and mica. Occasionally in millstone 
grit, as in the other sandstones of the carboniferous 
system, we find oxidulous iron, and'some other mineral 
substances not easily recognised, and in Lancashire, 
frequently, fragments of shale, coal,'Ac. Everything, 
therefore, concurs to prove the 'mechanical watery origin 
of millstone grit,-and by consequence of all the other 
sandstones associated with it, the differences between 
them being only of degree. In the same manner nearly 
a gradual series of .changes assimilates sandstone and 
shale, and it is "'sufficiently proved that the only really 
chemical aqueous' deposit of this whole system is the 
limestone. 

The millstone grit of the Southern coal fields is usually 
a much harder and more compact abd cherty rock, than 
the coarse pebbly strata which bear this name in the 
North of England. Finally, we must repeat the remark 
previously made that this series is limited in extent, not 
being of much importance or really characteristic of. a 
certain period except between the Trent and the Tyne, 
Through the remainder of Northumberland it ia less 
remarkable than several other equally coarse grit rocks, 
called crag'grits' in Mr. Smith’s Map of Northumber¬ 
land, which lie in the limestone series considerably below 
the upper limestone twit,- Excellent building stone is 
furnished by this stick In’Yorkshire, Lancashire^ and 
Derbyshire,- and -by its representative, the. “ Farewell 
Bock” of Dean Forertard/Sb^Wale*, which have 
the valuable propertyof stahdinjgfgreat ] hen^aNt Mr 
'if? i» V *■ ,V> V ; V*' H » " ^ *’ w 


therefore employed in certain parts of the iron fur Geolomfc 
D8Ces * Ch. li” 

...The Coax Formation (on Coal Measures) 

consists of alternating strata of sandstone, shale, and. 

. coal, with courses of nodular ironstone, layers of bi¬ 
valve shells, and, in a certain part, argiHo-calcareoua 
balls and,nodules generally enclosing ammonites, pee- 
tens, &c. , * - 

None of these strata differ individually in any essen¬ 
tial points from the analogous deposits in the millstone 
grit, or limestone series beneath; their characteristic 
features are .derived from their combinatiop. It is, 

' indeed, generally true, that the sandstones of the coal 
measures are softer and more argillaceous than those of 
the Series below, that the coal shales are less indurated 
and less, fissile than the “ plates” of the limestone group, 
and the coal generally of better quality. But it ia by 
the greater abundance of the coal seems, and by the 
absence of limestone beds that the upper part of the car¬ 
boniferous. system is to be. distinguished from the lower. 

It ifi, therefore, perfectly conceivable, tfiat cases may 
occur when the lower or c&icareo-carbonlferous group 
may, by the attenuation of its iimeslonee and the thicken- 
ing of its coals, bcooine so similar to the upper group or' 
true coal measures, that their relative ages can bn only 
determined by collateral evidence. This extreme case 
has, indeed, hardly yet been observed in any of the 
known coal districts of tjic New or Qld World, but the 
approaches to it in Northumberland and Scotland are 
sufficient to show that the coal measures have no other 
real difference from the lower parts of the carboniferous 
system, than the total absence of the oceanic deposit 
of limestone. In many coal fields the reason of this 
difference is easily. determined by the abundance of 
fresh-water shells, beds of shale, and of ironstone, alter¬ 
nating with the coal. ’ 

We have seen ’with what Certainty the range of the 
mountain limestone,can be followed through Great 
Britain, and its detached portions referred to their true 
place in the aeries of its beds, and thus Geological pa¬ 
rallels be established between the Mendip Hills, Derby-' 
shire, Yorkshire, and Northumberland. The coal mea-. 
sures of Great Britain cover quite as large a surface, 
and are, perhaps, quite as well identified m mas s ; but 
the details pf the several coal fields are too discordant, 
to permit many of these parallels to be drawn,- without 
which the method qf variation by which one such cpal 
field becomes different from another cannot be dettir- 
mined. This is so entirely well Jcnown, that often in 
the same coalfield the differences are so considerable a* 

Jo render it difficult to identify the bed* of the two ex¬ 
tremes. It must be owned, however, thot.this -is partly 
owing to the confusion of nomenclature amongst the 
workmen, though principally to tb« .'sudden changes of 
chemical qaulity to which the coal seams are ..liable. 

The extent of the coal fields .of England and Wales 


upon Mr. Smiths Map; Mr.; unmtifs Surveys and 
Mr.'Weaver's observations have contributed ranch Infor¬ 
mation on the coal measures of Ireland, and many 
Valuable notices in the Annates dee Mines, Annales des 
Sciences Naturetles. be., make us acquainted with the 
same series in France, For the Netherlands the same 
Journals and the Memoirs of QnwHus dMalloy, and for 
.thy German and Transylvanian coal fields the works of 
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<i -olnjjy. Villefos^e, Frcislcben, Iloflman, Sternberg, and others 
cii. II. ma y consulted. Mr. Conybeare has given a general 
view of these foreign coal tracts in the Geology of Eng¬ 
land and Wales. 

English We shall consider the characters of the principal 
coal holds. English coal fields in the following order: 

1. The great Northern coal fields of Northumber¬ 
land and Durham, Yorkshire and Derbyshire, aud their 
appendages. 

2. The South-Western coat fields of South Wales, 
Dean Forest, Somersetshire, and Kings wood. 

3. The coal fields of North Wales aud Shropshire. 

4. The central English coal fields. 

That the great Northern coal fields of Northumber¬ 
land and Durham, and of Yorkshire and Derbyshire, 
were formed under very similar circumstances, and, if 
never connected towards the borders, were united in the 
deeper parts of the deposit, will appear from the follow¬ 
ing comparisons. The Northern and Southern portion 
of this great tract, though now separated sixty miles, 
agree in being formed within a belt of coarse pebbly 
sandstones (millstone grit) associated with thin coals, 
which overlay the mountain limestone, and in being 
covered ttnconformedly by the magnesian limestone. 
Coals of like quality are worked in these coal fields in 
‘ the same parts of the scries, bituminous coals of excel¬ 
lent quality in the lower part, quick-burning coals in the 
upper part. Ironstone courses art most plentiful in the 
middle and lower part, where also lie the “ muscle 
hands,” of which regular layers have been some time 
known in the coal field of Yorkshire, and are not with¬ 
out representation in that of Newcastle. This latter ana¬ 
logy is very remarkable, and the occurrence of these 
muscle hands is almost a peculiar character of (he great 
Northern coal fields. 

A comparison of the details of these coal fields would 
afford an excellent test of the points of analogy, and 
the extent, of varial ion, which may be expected to oc¬ 
cur in neighbouring carboniferous deposits. 

The broadest part of the whole tract is between 
Halifax aud Ferrybridge, or rather Went Bridge, in 
'Yorkshire, where the dip is moderate and regularly to 
the South-East, the stratification not subject to more 
than usual disturbance, and the greater part of the coal 
seams worked to supply the wide-spreading industry of 
the West Riding. The whole coal system of the Country’ 
is tlrns unfolded, all its products are employed, and the 
ranges of most of the beds perfectly known. In addition 
it happens fortunately, that not only the millstone grit is 
remarkably distinct, and the series immediately above it, 
the lowest part of “ the coal field," nnusually developed, 
and rich in organic remains, both animal and vegetable, 
but the uppermost part of the system beneath the mag¬ 
nesian limestone is also fully exhibited. This is there¬ 
fore on all accounts the most complete coal field in the 
. Island, and the fittest to serve as a type of comparison 
for the others. 

Yorkshire The following mode of classification of the Yorkshire 
toul field, coal seams will be found very natural and convenient, 
for the several groups of coals here assumed have cer¬ 
tain collective characters derived from this combination, 
and occupy distinguishable ranges of mostly argilla¬ 
ceous country between lines of sandstone hflls. 

Magnesian limestone unconfortnedly coven the coal 
seams. 

f Shales and Badsworth coal. 

Upper coals ... I Ack-worth rock. 

tWragby and Sharleston coals. 


Red rock of Woolley, Hoolon—Roberts, Ac. 


Middle coals 


*5S- | Barnsley thick coal. 

Intermediate/Hock of Ilorhury. 

'' coats. t Middle coals. 

Ironstone / Silkstone beds, 
cools. I Low Mow and Flockton coats. 


Flagstone rock of Woodhouse, Bradford, Elland, Pe- 
niston, &c. 


Lover coals. 


Shales and ganistar stone. 
Coals. 

.. Shales and gaunter stones 
Coal. 

Shales, &c. 


Geology. 
Ch. II. 


Millstone grit lies below the “ coal .series.” 

The lowest portion of the Yorkshire coal strata rest- Lower or 
ing upon the millstone grit produces comparatively but gauistcr 
a small ‘quantity of coal, and this not in general of a coal fed® 8 * 
good 'quality. But no part of the coal field is more 
curious in its Geological relations, or more worthy of 
close study by .those who ilesire to penetrate into the 
history of the production of coal. • We may define this 
lowest coal series very [simply by saying, that it is in¬ 
cluded between the millstone grit beneath and the flag¬ 
stone rock above, having a thickness of about 120 or 
150 yards, and enclosing near the bottom two thin seams 
of coal, one or both of them workable, and several other 
layers scattered through its mass too thin to be worth 
working. 

The most regular and continuous of all these coal 
seams, reaches in a lew places the thickness of 27 or 30 
inches, but is generally only about 16 inches, and is 
worked at Yeadou, Hawdon, and Horsforth, near Leeds; 
at Baildon aiul Heaton, near Braiiibrd; at Catharine 
Slack and Swan Banks, near Halifax ; at Bull Houses, 
near Penis tone ; aud at[ several points West of Sheffield. 

It would huve been impossible .to have traced so thin 
a seam of coal along so extensive a range without 
some peculiar facilities, some points of reference more dis¬ 
tinct than the varying quality of the coal, and the still 
more'irregular Hactual ions of the sandstones and shales. 

This coal seam is covered by a “ roof” unlike that <kf any 
other coal bed above the mountain limestone in h the 
British Islands; for instead of containing only the re¬ 
mains of plants or fresh-water shells, it is .filled with a 
considerable diversity of mariw; shall* belonging to the 
genera pciten and ammonites, and in one loculity speci¬ 
mens of orthoeeras. Posidnnia and scaly fishes have been 
obtained from certain nodular concretions, called “ baum 
pots," lying in it. The uniform occurrence of these pec- 
tens and ammonites, through so wide a range, over one 
particular thin bed of coal, and in no other part of the 
coal strata, is one of the most curious phenomena yet 
observed concerning the distribution 1 of organic remains, 
and will undoubtedly be found of the highest importance 
in all inferences‘concerning ,the circumstances which 
attended the production of coal. 

In this part of the coal system we may observe, be¬ 
sides the very remarkable layer of marine shells, several 
occurrences of a peculiarly hard silicious sandstone,'called 
galliard,, ganister, seatstone, &c., which, in &ct, is the 
same thing as the crowstone of the mountain limestone 
series in Swab-dale, This stone in some cases forms 
.the floor or sill of the coal, a circumstance never ob¬ 
served in the upper coal strata, amongst which, indeed, 
galliard never occurs in its true diameter. Hence {his 
whole group of strata mayibe appropriately termed the 
ganister coal series. 
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Geoldgy The ammonites and pectens which lie above one of 
Ch. II. the seams of coal, and still more the orthoceratn which 
' sometimes accompany them, are remarkably analogous 
and perhaps in part identical with fossils of the moun¬ 
tain limestone. The galliard is likewise to be compared 
with similar stones in the mountain limestone series, 
and therefore the ganister coal series might be with 
much propriety associated with the upper mountain lime¬ 
stone scries of the Penine chain, or with the millstone 
grit scries of Derbyshire, and thus the flagstone would 
appear to be the lower limit of the true coal measures. 
But an examination of the neighbourhood of Halifax 
has shown another order of phenomena • and another 
set of shells, which connect this same series with the 
upper or true coal measures. In the upper coal series 
of Northumberland, Derbyshire, and Yorkshire, are 
several layers of bivalve shells, commonly referred to the 
genus unio, from which the fresh-water origin of these 
coal deposits hits been inferred. In the midst of this 
series of gauister coals two layers of these shells occur, 
one of them about the middle of the scries, considerably 
above the pecten coal, the other near the bottom, and 
considerably below that coal . 

No shells of this kind have ever been met with in 
the mountain limestone group which (here is every 
reason to consider as of decidedly marine origin; not 
one of all the zoopbytic, testaceous, or crustaeeous re¬ 
liquiae of this limestone has ever been fnuud in the upper 
coal series. This opposition of zoological characters 
would appear to be fully explained if the coal deposits 
were admitted to have been accumulated in. fresh water. 
And this opinion is perhaps generally adopted. 

We find then in the lowest coal series, which is placed 
on the line of transition between the marine and fresh¬ 
water deposits, zoological and inineralogical characters 
common to both. Examined in detail we fiud these 
characters not mixed, but alternating in such a manner 
as if there had been one periodical return of the marine 
element into its ancient receptacle, ailcr that bud been 
for some time occupied by fresh water and its few in¬ 
habitants. The effects of this irruption having as it- 
were worn out, the zoological characters of fresh-water 
deposits are again manifested at intervals, in the upper 
system of coal beds, till this series is Anally ended, 
and marine exuvim reappear in the magnesian lime¬ 
stone. 

If, from whatever cuuse, we could witness the effects 
of a general irruption of sea-water into a modern lake 
of great extent and considerable depth, it is probable 
that the resulting phenomenon would be perfectly analo¬ 
gous in kind to those described above. But this irrup¬ 
tion of the ancient ocean into the coal basin of York¬ 
shire, was probably not produced by any violent convul¬ 
sion in that basin, (for there is no unconformity between 
the supposed fresh-water and supposed marine deposits,) 
but by some disturbing causes originating at a distance. 
As the elevation of the Western Alps has probably oc¬ 
casioned tlie dispersion of boulders in Daupfaind and 
IVovence, and the uplifting of the Scandinavian Alps 
has been followed by diluvial currents in Germany with¬ 
out-much aflfeeting the position of the strata in those 
Countries; so may the Yorkshire coal district have felt 
the transient shock of scene distant convulsion. The 
periodical revolution in the nature of the waters which 
operated the deposition of the lowest cold strata in York¬ 
shire, bears so remarkable on analogy to some of the 
phoMesenn ef the marioo-kenstri** tertiary deposits. 
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that the same principles w ill probably serve as a ba-is for Geology, 
the explanation of both cases. <.!),. u. 

In both cases we have a decidedly mai l nr deposit 
below, and a drcidedly frrsJi~iralrr drpnsil above ; the in¬ 
termediate ground is not exactly neutral, but sometimes 
shows gradations from one to the other, and sometimes 
periodical alternations, accompanied however by so entire 
a parallelism of strata, thut in seeking for the cause of 
these changes, we ure compelled to have recourse to 
agency at a distance, to tlie blocking- up of the outlet of 
an estuary, or to irruptions of the sea, arising front sub¬ 
terranean disturbances in a different quarter. 

The lower coal series of Yorkshire is terminated above 
by a thick deposit of sandstone, which is never so 
coarse as the millstone grit, and generally appears to 
be more argillaceous. Its degree of consolidation 
varies according to localities and circumstances of drain¬ 
age, but there is hardly a single jxiint in its whole range, 
from the vicinity of Leeds to beyond Sheffield, where 
the title of flugstone rock is not eminently applicable in 
It. Along this whole range, by the valley of the Aire 
to Bradford, over, the hills to Halifax and Klhuid on (he 
fabler, and by Huddersfield and Penis ton (o Sheffield, Flngduno 
it is tlie grand repository from which the immense de- rock - 
uiand for Yorkshire flagstone, both within the County 
nnd for all tlie Eastern and Southern coasts, is supplied. 

In particular situations, especially near the surface, it is 
often so thinly laminated as to produce good roofing 
slate, while the deeper parts of tlie quarries produce 
capital building stone. This diversity of qualities is 
consistent with great simplicity in structure, ft is a 
finely laminated stone, having its beds in general very 
parallel, and thus^accordiug as the whole mass of a bed 
is employed, or as it is split into portions or resolved 
into its component plates by the actiou of natural 
pauses, wallstone, flagstone, and slate result. The 
micaceous surfaces of every common flagstone imme¬ 
diately disclose to us the cause of its natural partings ; 
and further examination shows the whole thickness to 
be divided by other layers of mica into u number of 
parallel plates, which sometimes separate by tlie mere 
influence of the air, but generally, after being once dried, 
cohere together with considerable force. In this case it 
is difficult to say what technical use should be made of 
the terfh strata , which may with equal verbal accu¬ 
racy he applied to tbe micaceous lamina;, or the plates 
of slate or flagstone to the beds of the rock singly, or 
the whole united moss of sandstone layers. In Mr. 

Smith’s nomenclature the whole flagstone rock is one 
stratum. However this may be determined, there can 
be no doubt that even the least and thinnest of the 
micaceous layers owes its origin to a particular opera¬ 
tion of water, and required the intervention of a certain 
Interval of time, to permit the separation of the grains 
of sand and the scales of mica. 

It has been said above that the micaceous laminae, 
plates of flagstone and beds of the rock, were all parallel. 

This is usually and very exactly the case, but iu certain 

J daces while the beds and flagstones, which are only 
esser beds, are parallel to one another, the micaceous 
layers which make up the mass of the beds, form con¬ 
siderable angles with the nlaue of their surfaces. 

Thus in plate i. fig. 2 the upper part of the diagram 
shows all tits partings parallel; and this is the ordi¬ 
nary of the flagstone rock, but in the lower part of 
the diagram the micaceous lamina an inclined to the 
other surfaces of parting. 
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(«e i Much ilagstoni s hove generally a rough or ragged 

i n U. surface, and arc iiiikIi liable to scale off in irregular 
“ shell's" which disfigure the beauty of the stone. 
This oblique lamination of the mica strongly reminds 
us oi the “ false bedding” of millstone grit, and of the 
shelly beds of oolite, which probably were Ibrmed in 
slightly agitated water. 

The surface of the Tougher flagstone beds is also 
liable to other peculiarities, ns waves or undulations, 
like the ripple marks on a sandy shore, little hard knobs 
oil one face corresponding to depressions on another, 
and sometimes a vermicular marking, which more than 
any thing else resembles the arrangement which semi¬ 
fluid matter assumes on smooth surfaces of stone, when 
these, after having been laid together, are forcibly pulled 
asunder. 

‘The micaceous layers arc not unfrequently coloured 
’ with a mixture of carbonaceous particles. 

Vegetable remains lie in this rock ill many places, 
and in .considerable plenty. Equisetoceous plants in 
particular are abundant in it about Leeds, accompanied 
liy trihedral fruits. Lepidodendra, sigillaria, &C. occur 
in it less plentifully. 

lu general, what is said of the accidents of structure 
of the flagstone rock ot the Yorkshire coal fields applies 
to the laminated suiidbtone rocks of the mountain lime¬ 
stone, and even to the analogous but more recent layers 
in the oolitic coal system on the coast of Yorkshire. 

Millie coal This is the most valuable part of the Yorkshire coal 
its, field, and includes as many ns ten workable seams of 
coal, of various quality, with several layers of ironstone 
bauds, one of them full of fresh-water shells. The 
flagstone rocks define the scries bcl<#v, and the coarse, 
often irou-stained sandstones of Newiniller Dam, Woolley 
Edge, and llawmarsh form its upper boundary. 

It may be convenient to divide this great group into 
three portions, thus :— 

Rut rock of Woolley Edge. 

Furnace coals of Barnsley, &c., including die 
tight or ten feet scam. 

ltock of II or bury and Wentworth House. 

•Swift-burning coals'of -Middleton, Dewsbury, 

. Sic., with bands of “ muscles.” 

lro na c Bituminous coals of Silkstouc, Low Moor, and 

Flockton. 

Flagstone rocks beneath. * 

Upper coal Upon the coarse rocks of Woolley Edge lies the 
series. upper series of coal measures in Yorkshire, which 
exhibits alternations of sandstones and shales very much 
like those of the middle and lower groups, but without 
the layers of muscles, and generally without the pre¬ 
sence of productive ironstone bands. The rcliqui® of 
plants are more rare in these strata, and the coal is 
of inferior quulity, more earthy and less bituminous. 
Two considerable seams of coal near the bottom, wovked 
at Wragby, Sharleston, Ac., and one or two thinner 
seams nearer the top of this series, appear to be the 
last of the formation, and are unconfonnably covered, 
ns are all the others in their turn, by the magnesian 
limestone, against which deposit the line of separation 
is hard and distinct 

Compari- We ttre now in 0 toa dition to institute a comparison 
sons with between the results of observation on the strata of the 
other coal Yorkshire coal fields, and those which had been drawn" 
fields, f roin similar researches on the other coal districts of 
Britain and the Continent For this purpose it will be 
of little use to take into account the number or thick¬ 
ness, or chemical quality of the beds of coal, since these 


characters, however important locally, are too variable Geology, 
to guide Us across even the whole extent of a single Ch. II. 
coal basin, and vanish altogether upon distant points. '«•>->,—*■*' 
We must, therefore, restrict ourselves to the most 
general divisions of the carboniferous series, and com¬ 
pare the coal fields with reference to the strata which 
separate the coal from the mountain limestone beneath, 
the occurrence of bands of ironstone and muscle-shells, 
the nature of the rocks and shales, and the distribution 
of organic remains. 

The characters of the Yorkshire coal fields are recog- The great 
nised in their continuation Southwardth rough Derbyshire Northern 
and Nottinghamshire. The same ranges of millstone « oul field*, 
grit and shales lie beneath, similar rocks of hard ganister - 
lie in the lower part, with a similar belt of useful flag¬ 
stone. The lower part of the scries contains the most 
bituminous coals, and the most abundant course of iron¬ 
stone, some of which contain fresh-water shells, and the 
upper parts yield similar swift-burning thick coals. 

The Lancashire and Cheshire coal fields are certainly 
portions of this great Northern system, separated in 
consequence of the subsequent uplifting of the moun¬ 
tain range of the Peninc Alps. The same ganister and 
flagstone occurs near Stayley Bridge, resting in the 
same order of succession upon the same millstone grits, 
and though the orokon condition of the coal fields on 
the West of the summit ridge scarcely allows of the 
same accurate delineation of the courses of the coal 
beds, enough is already known to justify the reunion 
of the coal-deposits on both sides of the Peninc Alps. 

Notwithstanding the grout interval in the superficial 
range of the coal strata between Abertbrd and Cock- 
field Fell, the series in the Durham uud Newcastle 
coal fields is very analogous to that of Yorkshire., 

But hitherto, no layer of marine shells has been no¬ 
ticed in the lower part of the Newcastle coal fields, mid, 
therefore, the inference of alternate inundations of the 
sea and fresh water cannot be applied, to this coal field, 
though the general conclusion of marine deposits below, 
and freshwater deposits above, remains unimpaired. 

Fresh-water shells, accompanied by nodular iron¬ 
stones, and numerous reliqui* of equiseliform ami fili- 
coid plants occur without, limestone beds in the coal 
fields of Clackmannanshire, Falkirk, and St. Andrew’s, 
but most of the Scotch coalfields, like that of the North 
and West of Northumberland, are formed by a de- 
velopement of the carboniferous limestone group of 
Yorkshire and Durham, and contain marine shells. 

The immense coal basin of South Wales (.which is. Great 
in fact, as Mr. Conybeare has shown, divided into two South 
parallel basins by a longitudinal axis of elevaltEm,) Wjileseoal 
presents so many features in common with the detached “* 1 
coal tracts of Dean Forest, Kingswood, and the valleys 
of Somersetshire, that lor our present purpose we may 
conveniently group them together. 

The total thickness of the coal strata is very great, 
for in the deepest part of the basin near Neath, the 
lowest strata of coal are nearly 700 fathoms below the 
outcrop of some of the superior strata in the more hilly 
parts of this district. There are (according to Mr. 

Martin) 23 beds of workable coal, making altogether 
9& feet, 12 of them from 3 to 9 (feet thick, 11 from 18 
inches to 3 feet; besides numerous other beds from 6 
to 18 inches thick. 

The coal on the North-Eastern side of the basin is of 
a coking quality, excellent for the iron manufacture; 
on the North-Western it contains little or no bitumen, 
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GeoWjr. being what U called atoue coal or culm; On the South aide, 
ch - . from Poutipool lo Caermarthen Bay, it is of a bitumi. 
nous or handing quality. The cause of these extreme 
differences in the quality of the coal is not known, and, 
indeed, the-subject of the varying quality of a coal bed 
has never yet beep adequately investigated, Many 
analogous though less striking examples are familiar 
to every coal-worker of sufficient observation and expo- - 
rienec. 

The numerous excavations along the Northern border 
of the South Wales coal district, for the purposes of the 
iron manufacture, present us with n complete section of 
the middle and tower parts of the -coal measures, the 
limestone series beneath, and the general base Of old 
red sandstone, •- t'/'. - s". • 

The lowest part of the coal measures consists-of alter- 
nations of sandstone and, shale’, without eOsl; the"lowest 
bed (in the place of millstone grit) being a conglomerate 
sandstone. Above this series, two or three thin seams 
of coni occur,-and tiiese are followed by an argillaceous 
series, containing many thick and valuable beds of coal, 

’ and sixteen layers of ironstone in thin beds and nodules’. 

• Whether the ironstone nodules contain shells has Dot 
(it is believed) been stated, but the general analogy of 
arrangement of the coals and Ironstones to that which 
lias been described In the Northern coal fields, will be 
immediately obvious/' . - ; 

It appears that the'upper part of the coal 1 strata is 
characterised by the predominance of coarse sandstone' 
with carbonaceous specks, tike that called Tenant in 
Somersetshire, and that a considerable, thickness of 
such rocks intervenes between the upper and lower coal 
seams. 

This sandstone is occasionally highly micaceous and 
fissile, and yields very good flagstone and even roofing'/ 
slate. 

. The coal strata of this-entirely insulated Coal field rest 
occasionally upon a ooarse sandstone like millstone grit, 
but the general floor i? mountain limestone, which con¬ 
tains a layer of oxide of iron, in such plenty as to feed 
the iron furnaces. The coal Reams, seven tefy in number, 
contain about fogiy-seven feet -in thickness of clear coal, 
which is mostly biUunmqus and swi.ft-burnjng, but in the 
lower seams partakes.more of a coking quality. The 
ironstone nodules, Which lie .in the shales arp of little 
importance} the, sandstones are mostly in the.tower j>sirt 
of the section. 

The neighbouring coal field of Newcnt rests on'trans¬ 
ition strata along the Southern and Western edges, 
and on old red sandstone along’ the Ifforfo-Western'. 
{Geological Proceeding, 1833.) / v 

The broken coal .deposits of South Gloucestershire ' 
and Somersetshire agree in being begirt by an. rjrer 
gular belt of. mountain limestone and old red sand-* 
stolte, and occasional patches of sandstones occupying 
the place of millstone grit.. The irregular ,undula¬ 
tions of the strata in'this district, and their.concealment . 
through extensive tracts by overlying deposit#, present 
formidable obstacles to foe attempt to-traye.the aerie# of 
beds which constitute.foia cqol ficld. ' ■* ( 

Mr. Conybeare supposes that it mev,coptujn as tnany 
as fifty or sixty coal seams, most, o/ theni very; thin, 
hardly any of them exceeding one yard,.«ndt t lbcrcfore, 
unless of good quality, in a cogntey^ifiiom^ ^httaoco- 
from more productive collieries, and by the im¬ 

provements of modern machinery, -sfofoejy-capable of 
being worked tb profit.’ ’ • -j.’. 

vol. vi,• „« ♦ >/ •;■*••>*. "• 
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. As in the South Wales coal field, slmle predominates Geology, 
in the lower, and the l'enant grit rock ill the middle ch. Ft. 
part of the series: the shale beds frequently contain 
beautiful impressions of ferns and muscle-shells. (Geo- 
logy of England and IValett.) 

The Somersetshire coal fields have been admirably 
illustrated by Dr.-Buckland and the Rev, Wm. Cony- 
beOrtf. (Geological Transactions.) 

‘ The well-connected coal basin of Flintshire, iu the Flintshire, 
basis of which foe estuary of the Dee is formed, extends ' 
from North to South somewhat more than 30 mites, 
from LI a tms so to near Oswestry in Shropshire, forming 
tin exterior belt coextensive with the range of the mountain 
.limestone from fob North of the Clwyd; where that 
limestone is partially interrupted. by the mountain of 
Selattynr the cOal shales rest immediately on the 
transition slate of that mountain. The coal strata dip 
generally Eastward, and form in 'the- Northern part a 
trough bepeath the-estuary of the Dee, and rise again ' 
on the Eastern side of that estuary in the district culled 
Wirral, from whence, sinking again beneath the ret! 
sandstone, along the course of the Mersey, they may 
possibly be prolonged to the South Lancashire coal 
beds, near.Prescot, 

This coal basin in Flintshire commences with beds Fl« : « of 
of shale and sandstone, answering in' position and . sl,rtw *- 
character to the shale and millstone grit of Derbyshire. ‘ )ury * 

The coal is of various thickness from three-quarters to 
five yards,-and consists of the common cannel and pea¬ 
cock varieties, (Gcolugy of England and fPalrs.) ' 

The broken patches of coal strata which lie on the 
South of foe vale of Severn near Shrewsbury, are 
arranged according to the Irregular positions of the trans¬ 
ition rocks, which in thy Stipperstonus, Txinginynd, 

Wenlock lidge, the Wrekin, C.'aer Caradoc, &c., extend 
themselves in a curve far to the Hast of the great body 
of the slate rocks. The true relations of the coal strata 
to the transition ranges, between whose projections they 
are enclosed, have recently beeu exnmiucd by Air. Mur 
chison, and connected vv.ith general views,of the dislo¬ 
cations along the line of the upper slate formations, ft 
appears' that the carboniferous strata repose on the . 
edges of the. slates, and dip towards a common centre 
under die new red sandstone. At Piitld'ord the whole ‘ 
curbonifcrauH 'series is represented . by u bituminous 
brecoia, of afew feet jin thickness. Three thin beds of 
' coal art, for’lhe most part, observable, ami the deposit 
is distinguished , by .an included band of limestone 
sirrfllur in mineral'aspect to the lacustrine limestones of . 

Central Fra vice, and. containing minute pfunorbes very 
• similar, to those mentioned above from the middle eon! 
seams of Yorkshire and Northumberland. (Geological 
Proceeding?, 1833.) 

On the East aide of the transition ranges pf tlie CoaJbrook 
Wrekin and-Wdnlock Edge lies foe coal .field of Coal- ®de. 
brqok Dale, which contains at foe bottom a sandstone 
.called the little fliiit,qf wliich foe tower ,part abounds 
'in' pebbles, and is-foiacta' millstone grit, The iron- 
stones^ which lie iri fiv« by six,layers, or# balls or In owl 
^ fiat-piasock,.like, foqse, to . Yorkshire, &<r, and contain 
abundance of the /same vegetable impressions, and a few 

shells fUboog >,wpl>l*h we have examined (belonging to 
tlie iiwriiiB ge.nera orbicuks cugujaria, srnmpnites) indi¬ 
cate the.nfppriety, of Lit inquiry 'into the distribution qf 
the molluscous remains forcompapson with foe results -. 

.of this ftivesligatiou ia Yorkshire. . , : ' 

/‘The coal beds''are mostly thin; the ten uppermost 
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ore loo sulphureous f>'r other u-es Ilian lime*lmrning, 
•and arc onlh-d stinkers ; twelve beds of good coal, in all 
twenty-five Icel thick, the thickest being five feet.sueceed, 
and the lowest bed of the whole formation, eight inches 
thick, is sulphureous. The best cowl of this coal field 
usually presents a mixture of slate coal and pitch coal, 
rarely of catincl coal; none of it possesses the property 
of coking. 

The sandstones of this coal tract are usually fine¬ 
grained and micaceous, and speckled with fragments of 
coal; but some of them arc coarse-grained, ami two 
remarkably so. The sandstones generally contain 
vegetable impressions, lint never form the roof of the 
cowl, which is invariably shale. Two beds of coarse 
sandstone, fifteen and a half feet in thickness, are en¬ 
tirely penetrated by petroleum, which flows out perpe¬ 
tually in the tar spring at Coalport. This bitumen is 
likewise found in the bosses or indurated slate clay. 
These details are chiefly derived from observations at 
Muddy colliery, where a pit, sunk to the depth of 729 
feet, parses through all the strata, eighty-six in number, 
which constitute the cowl formation. * 

This coal field rests at Sleeraway, and near Little 
Wenloch, on a thin band of limestone, which Mr. Mur¬ 
chison 1ms recently proved by its fossils to.be mountain 
limestone, whilst in the contiguous extension of this 
field, the carboniferous strata overlie, unconfAmiably,' 
various members of tlus'transition series, with one of 
which, the transition limestone of Weuloek Edge, they 
arc brought into conformable apposition at Lincoln 
hill'. 

The divided coal-basin of tin; C'lee Hills is elevated 
upon the mountain limestone und old red sandstone of 
Corveda'lc, and contains several seams of coal and layers 
of ironstone, much confused in their arrangement by in¬ 
terpositions of basaltic dykes and overlying masses, und 
reding below on a hard conglomerate sandstone. .This 
interesting country has been recently examined by Mr. 
Murchison. On three sides of the Brown Glee Hill, the 
coal strata rest on old red sandstone, which to the West 
is a coarse conglomerate ; but "on the .fourth or South- 
Eastern side, there is interposed between the old red 
and the lower coal grits, a thin xouc’of mountain lime¬ 
stone, (Geological Proceedings, 1833.) 

Trap rocks confuse the arrangement of the coal strata 
in. the whole space betwfeen Corvedale and (lie Severn, 
which includes the narrow coal field of Billingsley and 
Burdley, which has also attracted the labours of the 
same Geologist. , 

The double coal field, which surrounds Ashby.de la 
Zouch is based ou mountain limestone, vvhiph, like 
Home portions of that of Derbyshire, chntatns abundance 
of magnesia; there is, how.ever, no particular corre¬ 
spondence to be remarked in other respect*; no millstone 
grit has heeu recognised, no flagstone, nor couch ifcrouH 
ironstone. Amongst the seams of coal is one of the 
variety called cannel, and another from .seventeen to 
twenty-one feet in thickness. (Geology of England and 
Wales.) 

* The strata of the Warwickshire coal field are based 
uponu compact eherty sandstone, called by Mr. Cony- 
. bexre “ millstobe grit, bfit no limestone appears round 
the escarpment Of this mUgrow, coal tract. The seams of 
coal are liable to great fbwgesof thickness inconse¬ 
quence of -the occasional attenuation of the interposed., 
strata of shales. 

The coal field of Dudley, Bilatofy, and Cannock Chase 


agrees in part with that of Coalbrook Dale, but differs . Geology. 
from all the others by the character.of the subjacent Ch. 11. 
limestone, for this is generally admitted to belong to the ~* r “ 
transition system. The coal measures are supposed by ' 
modern writers to be uutonformed to the limestone, but 
their dips correspond in direction though not in degree. 

The limestone is uplifted into a saddle-shaped or anti¬ 
clinal ridge ; the coal strata rest upon Sts slopes, and are 
covered, by lira, new red sandstone formation. 

There is yo millstone grit,'nor any -flagstone, mid 
■(as usually among the central-coal basins) the strata" 
are mostly argillaceous. Ironstone courses occur in 
several parts of the series, but the only valuable ones 
ore near the bottom. The seams of coal are numerous, 
but only the lower ones ure workable.* They are of " 
various thicknesses, from two to ten yards, or even 
fifteen yards. - 

It is not, however, to be supposed that these enor¬ 
mously thick scams am single beds of coal; they arc in 
fact composed of several beds locally accumulated tope-, 
the'r, with certain part ings, which in other places svvellout 
into considerable thicknesses of shale. Thus the upper 
part of the ten-yard coal separates from the rest of the 
beds, and under the title of the “ flying reed,’’ becomes • 

■a totally distinct bed "in the Northern part of the. cool 
tract. 

The coal .fields of Ireland occupy very large tracts m j rc i and> 
the centre of that country, and are upon the whole very 
analogous in general mineral characters and organic 
contents to those of England. The same'absence uf 
limestone, the same kind of succession of sandstones and 
shules is remarked in them. Carbonaceous or stone coal, 
like that of South Wales, abounds in the Leinster and 
Munster districts; bituminous coal in Connaught and 
Ulster. The Munster coal district is stated by Mr. Grif¬ 
fith to be of greater extent than any Euglish coal field. 

. in this’ tract (County of -Cbrk) Mr. Weaver supposes 
certain anthracitic beds to be interposed in greywacke, 
aud to be subject to all its flexures, but certainly the 
greater part of the coals of Cork und Limerick arc of 
the same age as the English coal?. At Dally-cnsllc the 
coal is lound in connection with basalt.. (See Conybcare, 

Geology of England and Wales.') 

* 

General View of Circumstances under which the Coal 
, 1 ‘ Beds were deposited. 

I- Few subjects in Geology nave been examined under ; ' 
more various points of view than the question of the - 
.origin of coal, and the circumstance? under which it was 
deposited. We may wonder at the philosophical blind¬ 
ness which would permit in the. last century protracted 
disputes concerning the vegetable origin of coajt, when so; 
mauy thousand' plant* converted iritn that substance - 
were fpund in the shales and sandstones of every coal dm- - 
trict. But In those days this kind of evidence was so little 
understood, that the inimitable impressions of ferns and 
other plants from which, we are now accustomed to 
reason concerning the climate and other conditions of the 
ancient worfcl. were, npt even admitted to be reliqui® of 
the vegetable .kingdom. . 

There is no necessi ty to enlarge upon the proofs of the 
origin of. coal from vegetables, drawn from an examina¬ 
tion of its chemical constitution as compared with vege- ■ 
table products, and the composition of the ligneous parts - 
of plants, attd from the unanswerable identity of the 
carbonaceous substamte, into 1 whiqh a vast multiludeof 
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fossil plants'have been converted. The chemical con- ’ These circumstances maj appear to favourtholmio- 
stitnlion of this c&rbonacfemu product of the individual thesis of De Luc, but they cannot make us overlook 
vegetables, is-exactly analogous to the chemical con- very serious objections to it 
stitutlon of coal; and it isquitg pvobable that here^tcr The formation of peat 

the reason of the variations to whifch both are subject, “* jL - 1 *•- 

whether dependent oil the original nature of the plant 


Peat t.g-J 


or produced by subsequent operations, will be as ap¬ 
parent as that of the general agreement arising from a 
common vegetable origin. (For some remarks On a part 
of this subject see eh. i. p. 547/) * 

' 11. Admitting then the vegetable origin of coal, the 
next question relates to the situation where the plants 
grew from which the vast mass of tile Coal seams was. 
derived, • * " , 

Muny of the plivnts accompanying coni are of un¬ 
known types, and some are too imperfect to permit any 
botanical deductions; but the .researches of Naturalists 
hav'e ueverfhcless been successful in determining some 
general characters of this ancient flora. 

The greater number of these, plants were decidedly 
terrestrial. 

They appear to be most analogous to tropical tribes 
of vascular, cryptogamie, and coniferous plants. 

They grew then on the land, atul it is provable from , 
]\J. Hrongniart’s researches, that this.laud was in a high 
degree subject to heat and moisture, more so than per¬ 
haps even the coasts and islands of tropical seas, to the 
flora of vvhieli situations the coal plants present most 
remarkable general approximations. (See p. 603.) 

111. We. may now venture upon the main part of the 
inquiry which relates to the origin of coal, viz. whether 
the plants from which coal was produced [grriu in their 
present situations, and were there submerged and buried 
beneath marine or fluviatile deposits, or were swept down 
to their present repositories from distant situations by 
land floods and other causes. To guide os ini this inquiry 
the following data may be premised : \ 

1. The generally uniform , Or gradually varying, 
thickness of the several coal seams over a verylurge. 
aiea. . 

The broken niul fragmentary comhtion and con-- 
fused'intermixture of the plants which accompany coal 
strata, and their being generally without roots. 

3. The occurrence of the Mine species of plants in 

shales, ironstones, and sandstones, *. . 

4. The occasional vertical positiou of broken stents qF 
large, trees. 

5. The' parallelism or conformity of the several beds' 

of coal. > ‘ ’’ . 

6. The extreme differences, fit the tliieUpes’s of the 
several'scams, and the'occurrence of many very thin 
plates of coal through many of the cool shales. ' 

Dc Luc and several eminent Geologists, ant] laitgly 
M.'Adolphe Brongirtart, have supposed coal bfedVto 
.have be.ei)‘ originally a sort of peat bogs, or masses of 

__. i i '_l*__.i _l.l ii.ui _ 


(><>gs is, as - far ns we know, • 

not of the kind here supposed. It is not bv Augments 
of trees and herbaceous plants accumulated round the 
place of, their; growth, but of a variety of successively 
dying mosses and other moisture-loving plants that the * * 
peat bogs grow up to the extent which‘they occupy on 
the high cold hills of the North of England. 

There is, however, another kind of vegetable accumn- SuMrm- 
lalion which may be thought to throw more light on mMn 
the origin of coal. The tnrf or peal moors, ns they are 
called in the North of England, which occur in low 
ground toward the. estuaries of rivers, and along the 
margin of the sea, in many parts of England, contain 
a mass'of vegetable matter, composed , of mosses and 
other humid plants, roots of ling, Ac. and envelope 
trunks of tries, soractim'es prostrated hi .particular di¬ 
rections, apparently cut by art or decayed by time, lit 
some places arc oak, in others bjrcli or fir, according, 
as Mr. Willum Smith has observed, to the nature of the 
soil below, which is Blind, marl, or clay. With them 
Often lie the remains of terrestrial quadrupeds, land 
shells, &e. 

The marls sometimes contain fresh-wafer shells, but 
never marine exuviae. In most .places these accumu¬ 
lations of Vegetable reliquitc are below the level of the 
sea, and covered by.r arie-us alternations of mt-ihimical 
deposits, sands, and Ways brought down by the ti\ers 
or deposited by the*tide. 

These phenomena appear to admit, of an easy expla¬ 
nation, if we allow that the relative level of the sea niul 
land has been locally subject to variation, and thus the 
di'uiimge of the country (ternuged. 

The greatest pint of the vegetable mass grew in its • 

• present situation ; it was a humid forest where the leaves' 
and branches of the trees, mingling with the herbaceous 
Covering-at their base, formed un extensive caihoiiaccoua 
■mass, which enveloped the trees when they tell by any 
great violence of wind or flood, perished -by niitmal 
decay near the-base, • of yielded to the axe of the old 
inhabitant, in cases where the situation was Elevated, 
ov otherwise removed from the action of the tide, the 
. ancient! forest Inis been sometimes converted to u lake, 
or overwhelmed with the ruins brought by a land-flood. 

•-Ah>ilg the side of great rivfrs, where the level was per¬ 
manently- below.the' floods or tides, many successions of 
sandy and argillaceous dejmsits have taken [dace, and 
sometimes, a second accumulation of vegetables; and 
thus the whole alluvial sediment and subterranean forest 
reseipble* in tto/tte important respects the alternations of 
earthy' deposits and carbonaceous layers which compose 
(he uncient coal strata. 


_ Wc have,'however,not yet eijjiausted the headji of the Lxkmle- 

vegetaWc reliquiie accumulated round the place of their .subject Of the agglomeration of Vegetable rcliqtiire. Jn P u » i *»- 
growth,, upon which other vegetables 'grew:' - niul' that many t.jfoutiomr in'IEtigland, as in 11 older ness, (Geo- 
subsequentiy these tracts of country during soma extt»n- tagy of Yorkshire,') they have been swept down from 
sive convulsions subsided below their, former level, and the land, and accumulated on the beds of lakes in u 
were coveted by various mechanical deposits. This pretty Yegtt{afstratum of partly decomposed leaves and 
hypothesis seems td*haVe beeu Suggested by the seem- jiferbs, with ^ranchos of hazel bushes, nuts, &c. and 
ittg analogy ih soehe reRpects /tetwcen the' chetaioat iVagmints of larger trees. Over them the lake has • 
changes which have h&ppeiptd td' the yegetable malter Since.diffused, in regular Igjers, the sediment brought 
of peat bogs and of* coal, by the octtnireuca pf stems of . itito it by the. strefems and floods, with the shells which 
plants vertically In the coin 'krota, aptS by’ the-SoppdSed' lived in the waters. - 
; difficulty.of oufoywtee explaining the - Vt -—j * a~ - «'■- - 

gulatity of tbi coal beds .~ • 

' . 412 


nram, opa :u Hppp<reea uvea in me waters, ■ . . ,, 

ling the acknowledged re- -The Mississippi and other great rivers of the World Rivet de- 
*- 4 “whose banks are.clothed with immense primeval forests, l* 0 " 1 *. 


■■'reBL*.- 
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where from nge to age the trees as they fall are rolled 
away by the periorlical inundations, deposit in their 
wide mouths utter note, and repeated layers of vegetable 
and e;u tliy matter, atul thus present us with' another 
aimlo-iy to the co.al strata more exact in detail .than" any 
nf the preceding, and more justly comparable in extent 
of ollect. 

To what distance in the sea trees may be roiled by 
the mighty continental floods, those who have been ac¬ 
customed only to contemplate the trifling streams of 
England, can have no proper idea ; but the navigator 
who at the distance <>! two or three hundred miles re¬ 
cognises in the Atlantic the last effort of the current of 
the Amazons, or in the Bay of Bengal observes the im¬ 
mense accumulations of earthy sediment transported by 
the gentler waters of the Ganges, will readily admit 
that the es! tmry deposits from such rivers may exceed 
the arm of the most extensive of our eoal basins, (.Sec 
Lyell’x Cnil'igy.) 

If we are right in the inference that the ancient flora 
w liich lies hnrii-d in our coal tracts was the growth of even 
more than tropical heat mid moisture,we may readily con¬ 
ceive hmv these circuiu-tances, joined to thfc certain fuel 
that the laud wus then of far more limited surface, would 
also explain the stealer amount'tit both the organic and 
inorganic depositions from the ancient drainage of the 
earth. For a higher temperature of the air and earth, 
accompanied by more abundant moisture, would natu¬ 
rally lie followed by more luxuriant vegetation, more 
abundant precipitation of rain, greater and stronger 
rivers, and more violently excited floods. As the rich 
vegetation and atmospheric storms and destructive floods 
of the tropical region exceed those of our colder latitudes, 
so would the effects of the ancient floods in still hotter 
climates surpass the most powerful results of the pre¬ 
sent combination of agents. 

’ It is possible that the effort may have been height¬ 
ened by some essential difference .in tlje constitution of 
the atmosphere; (M. Uroiigniart supposes by a large 
proportion of carbonic aicid :) but without at present en¬ 
tering these fields of hypothesis, the. botanic characters 
of the fossil flora appear to warrant the conclusion above 
staled. , ‘ 

From this short review of, the operations now in pro¬ 
gress, by which it part of the decayed vegetable cover¬ 
ing of the earth is accumulated in peat bogs, lakes, 
estuaries, and the sea, we perceive clearly that if the 
production of coal be not now actually in progress in 
certain situations, deposits of carbonaceous substances 
happen under circumstances which will greatly contribute 
to correct Uud simplify our notions of the origin of that 
combustible. 

Until nil the circumstances which eharoctcrise the 
different coal basins have been very fully investigated, 
it will Jte hazardous to decide generally against anv 
hypothesis advanced to'explain the deposition of coal, 

. which proceed^ upon observation of the accumulations of 
vegetable matter now in operation. It may hereafter 
appear that tho, vegetables of spine, coal basins grew 
where their remains are now carbonized, according .to 
M. BrongfliartVn^Udnjtbnt Othcrcoat beds arose from 
trees and plants! swe^. dowti from the land into fresh- 
water lakes; that others wcre formed in estuaries alter¬ 
nately traversed by- floods from the.land and tides from 
the sea'; and that some Were transported far into the 
deep attd tranquil ocean. 

, But all the Weight of observation yet made is de¬ 


cidedly in favour of the opinion that the greater portion G^ow. 
of all the carbonaceous deposits were swept down from . Cb ' “* 
the places where they grew on the land, to ancient lakes, ' ■ r v~ m - r 
estuaries, and seas; mid, indeed, it is perhaps nut yet 
made probable, that any continuous bed of coal has been 
produced otherwise. 

For De Luc’s nolipu of the plants growing in the Generally 
very' spot where they have been converted to coal“ otw kerj 
seems altogether inapplicable to eases where inanv nW 
layers of eoal alternate with many of sandstones, shales, B 
ironstones, &c. For this could only have happened, ac¬ 
cording to that notion, in consequence of at least as 
many subsidences and subsequent elevations of the same 
tract of strata, as there arc coal seams in it; and when 
in addition we take into account tile perfect parallelism - * 
of the strata indicating no disturbance, the thiu laminae 
of coal which sometimes oeenr in the shales, the local 
divisions of the seams of eoa], and the quantity of land 
plants lodged in the separating strata, we shall be 
compelled to limit to very few eases an hypothesis which 
involves such gratuitous difficulties. 

1. On the contrary, these very circumstances nre ex¬ 
actly such os roust necessarily be occasioned by the 
effects-qf periodical floods operating through a long suc¬ 
cession of time upon a well-wooded country. They 
would transport at intervals vast quantities of vegetable 
and mineral matter into the lowest receptacles of wuter. 

There the mingled mass would be sorted by the waters, 
according to bulk and specific gravity, as we observe 
every day in lakes and on the sea-shore! an effect which 
most probably would lie much heightened . by the un¬ 
equal velocity with which masses of suqji unequal bulk . 
and gravity would lie originally transported by the cur¬ 
rent. They would Tie deposited in jdistinct layers, of 
which the most reguhtr and uniform would lie tile layers 
of plants, because these are more different both as to 
bulk and sjieeific gravity from the other materials brought 
along by the stream, than arc these materials among 
one another; a fact remarkably conformable to observa¬ 
tion. ■ ' 

2. But though the grentcr mass of the plants would 
lie thus separated from the earthy sediment, there would 
probably be some portion unavoidably entangled there¬ 
with and deposited wills lliepi, and thus the sandstone's 
and shale are foiflid to contain in confused admixture a 
considerable number, of plants., 

3. The trees thuatransporled by' the floods might for 

the most part not, have been uprooted ; they would also 
in their course be broken and mutilated, and mostly '• 
deprived of. brandies and leaves, exactly as we fiud 
them in the coal strata. . ■ • 

*' 4. In the various eddies'of the waters .under which 
the sediihent fell, some trees might be reared upright, 
and others might aud indeed would float with the hea¬ 
viest end downward, aud be kept lti that posture by a ‘ 
sudden add great accumulation of sediment, and thus- 
we seem to hqve a naturaf explanation of, the ..occasion¬ 
ally verticul position of trunks.of sigilluriai, and, equi- 
setaccee in sandstone. In shale, deposited' more Iran- 
quilly, this fact has never or most rarely been noticed. 

5. Successive operations of this kind would equalize ' 
the results over n large area, and produce a remarkably * 
general parallelism of strata in' the same batin',- : 

0. According to the condition of the. currents, the ' 
accumulations at any given time, or for any period, 
might be in one part wholly vegetable, iu another wholly 
earthy, or of alternate quality, and thus the occasional 
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tlcadness of apart of a coal tract usually productive, 
_ . the division of a coal seam into its constituent portions, 

~ >r anil the partings of a coal bed-appear all perfectly 
natural consequences of the surge simple cause. 

> 7. It is probable that in lakes which receive floods 

overcharged with sediment, and which in consequence 
. ' are frequently muddy, few kinds of molluscs, or fishes, 

or other animals would live, and that the mdlluscoiiB 
remains would be such only as belonged to bivalves, 
like unio and anodon, or univalves, like; paludiiui, 
which never come to the surface for rcspiratioii.but 
remain at the bottom of the waters, 'flic shells found 
in coal tracts, supposed to be of fresh-water origin, are 
principally uniones and aliodonta. 

8. It is also probable, for the same reason, that only a 
small number of the animals or plants actually existing 
in the sea at any one time would be found within the 
area of a very muddy estuary, and thus we see the 
reason why Ihfe coal basins which coiiluiti no fresh-water 
shells, and are from other circumstances presumed to be 
of marine origin, ore generally devoid of nitiinul remains, 
except in the calcareous layers or nodules which may 
occur in them. These calcareous deposits evidently 
mark periods during- which the chemical precipitations 
from the sea were,little or not, at all tumbled by the me¬ 
chanical aggregations from the floods of the laud. 

!). As many basins of fresh water, estunties, or seas, 
as received the vegetables and sediment brought down 
by the Hoods, so many distinct series of carbonaceous 
and argillo-iirenaccoiis deposits would be produced ;— 
there would he no particular agreement between them 
in the number,'thickness, ami quality ' and arrangement 
of the. coal scums, rocks, or shales, Or ironstone, but a 
general agreement, depending on the common physical 
conditions of die region. Hut in the same basin, even 
over .very large areas, there would frequently occur 
particular agreements, in many respects; coals of parti-, 
cujar quality, rocks of‘certain kinds, beds of ironstone, 
and layers of shells,'may be traced over large tracts 
and assigned to definite places in the general section. 

• Convulsive Movements of the Carboniferous System. ' 

Nothing appears more clear in Geology than that the 
same parts of the Globe have been alternately subject to 
■" gradual alteration, through thfe slow dud equal action of 
the ordinary system of Nature, uiul to snudefl extreme 
changes induced by the shorter dominion of violent dis¬ 
turbing forces. ■ 

The preceding descriptions sufficiently show how re- 
gular was the action of’the causes which permitted the 
immense accumulations of chemical deposits, earthy sedi¬ 
ment and vegetable reliquia*, on the beds of ancient 
lakes or estuaries, and for how long a* period this pro¬ 
ms continued, the prbdigious number of alternations 
in the deposits sufficiently attests. It was, indeed, com¬ 
pared to the present state of things, a period of remark¬ 
able excitement as to the vigour of vegetation, and per- 
, haps also ag to the abundance and force of inundations; 
but the parts of’ this, scries, compared with one another, 
and with analogous sttata of different ages, fbruish proof 
that the whole was-the result of what maybe termed 
, the then Ordinary course pf patur*d operations. 

Extent of But this long period appears to have cOme suddenly 
ihotf Uia- end, and tfte characteristic regularity of it* deposits 

turbntiMS^. jo have been interrupted by a general, eruption of dis¬ 
turbing forces which have left the traces or their power 
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and extent in all die rival livid;, nt F.uiopc and Ainvriia. Geology. 
■ As alter the deposit of t!,<> slates violent dislov iti.nis t'l«. if. 
happened and were sueveedrd bv the old rod cmi-lomo- ' 
rate, so alter the deposit of the coal similar and oqualU 
extensive interruptions of the pianos ami course- of 
strata were followed by tlm analogous dvp.iMt of new 
red sandstone. In the cotiiM* ol ilk so ujuMatioiis, tin! 
whole thickness of at least the stratilieil muss of the 
crust of the Globe appears to have beau luokcn in many 
directions, and the. divided portions raided or di pressed 
a Ji.W inches, many yards, or hundreds of fathoms fumi 
their former level, and placed in new Munitions, with 
various angles of inclination to the horizon uud in va¬ 
rious directions. Scarcely u mine or colliery is worknl 
in strata of this era in any part of the World which is 
not crossed by several faults or dislocations of this 
nature, and it is always found that they divide and dis¬ 
place iji tile same direction the whole series, of the strata 
to the greatest depths which man lias readied. 

That these ■ dislocations happened after the Complete 
deposit and induration of the coni strata is evident; 
that they followed almost immediately, and happened 
nearly at the same period of lime, in almost all the coal 
tracts, appears certain from thu general fact, that the 
disturbances of the cold seams rarely extend into the 
newer strata of magnesian 'lime and red sandstone. 

There was, therefore, a general disturbing agency em¬ 
ployed to break up the consolidated planes of the cur 
boniferons strata; and from the occasional filling of*he. 
dislocations with ba«nll, various’ crystallized minerals, 
and other igneous products, tiO doubt can remain that 
the • principal agent was tlmt. genera) source of heat 
which is included within our 1’lajiet, and which finds 
vuil for its energies iu diili rent places at different times. 

Tu particularize till, or even the most remarkable of 
the faults of the carboniferous systems of different Coun¬ 
tries 1 , and to notice all the variations of their appearance, 

, would be entirely foreign to .1 be intention of this (rcutise ; 
such details must be sought in special descriptions of 
the several milling districts and coni fields. Rut we shall 
notice some of the most predominant of.these disloca¬ 
tions, which appear to have caused the most extensive 
alteration^ in the level of the strata, and to. have been 
most efficient in uplifting particular ranges of laud, mul 
giving ne\V boundaries to the Ocean. 

That most of the carboniferous deposits were origi¬ 
nally limited in area, has been already stated, mid there¬ 
fore we must be cautions not to infer the violent sepa¬ 
ration of two coal tracts from the mere fact of their 
disunion; without reference to the connecting inferior 
strata. Thus the coal fields of the Forth and the Clyde 
were probably limited by the previous elevation of tlx: 
ranges of theGrnmpiuns ami the Laminertmiir, and 
though presoittiag strong analogies with the Northern 
coal fields of Northumberland, there is no' reason to 
believe that they were ever joined to them. Keeping 
this in view, ana guided by a knowledge of the charac¬ 
teristic. points of the several systems of strata, we shall 
be able with more or less facility to determine the amount 
• of the disturbance of position Induced on any given coal 
tract, and thus to restore in imagination the original 
condition of {he strata. The separation of the great 
coal fields-of Northumberland and Durham on the one 
hand from those of korksbire and Derbyshire on the 
other, appears to hnve been caused by a general eleva¬ 
tion in an Eastern and Western range of the whole «r 
tho tract intervening between Whaifdale anil Teestbdd. 
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In consequence of this ami the waste of the elevated near Bath and Bristol, must he referred to the same Geology. 

surface, it happens that while the lower parts of the epoch, lor the superior strata of red marl, and the oolites W'. If. 

carboniferous system are connected, the upper parts are are unaffected by Ihcfn. 

entirely divided, and the magnesian limestone lies level This short review shows us what extensive changes 
on the e<>;d of Durham and millstone grit of Nidsdalf, in the refit he level and area of land and water were • 
ami again covers coal in Airedale. effected in these regions immediately alter the deposi- ■ 

Again, till of the great Northern carboniferous tracts linn of-the coal strata, and ^similar results have been 
are arranged with relation to an almost continuous obtained from researches in various parts of Scotland, 

Northern and .Southern axis of elevation, from the Arrau, and other Islands, atul iu the largo coal tiacts in 

mountains round the Source of the South Tyne to Ingle- Ireland. 

borough, through Holland forest, by IVndlc hi IT and In extending our researches to foreign Countries, wo Aulenne*. 
the Western border of Yorkshire, to the limestone dis- must lcmrmber tlmt the exact date of the'disruption of 
trict of Derbyshire, while the particular fields of Huijlcy the .strata is determined by li mi ling the epoch between 

Burn and Black. Burton depend upon- two cross lines the date of the formation of the strata broken, und that 

of dislocation, or fault, the former passing Eastward of the. uticonlbrmcd stratum next incumbent or ad ja¬ 
untier the nium.' of the main, or DO ful.horn dyke, from cent. Thus on passing from* the Ardennes mountains 
near Brampton to the sea-side near Tynemouth, and to Luxembourg, we 'descend front the elevated slate 
depressing the strata to the North, while the latter ranges range to a horizontal mass of new red sandstone, 1’oL 
East Smith-EnM by a remarkable line of slate rocks front lowed by lias and oolites; and in this case ill's clear 
Kitliv Lonsdale to near (Sraedugton, and throws down tlmt the elevation of the Ardennes preceded the depo- 
fo (he South. The eaiboiMl'einiis rocks which surround sition of new red sandstone.; but where that stratum is 
the Lake mountains have certainly been effected by absent, (the general case along the border of fhc.-e 
elevations subsequent to those which in that district mountains,) we must have been content with inl'eiring 
till lowed the deposit of slate, and anterior to the de- that the epoch of the disturbance was older than (lie 
posit of the superincumbent red sandstone. - oolites. On, this account'it is net easy to fix the date of 

A large proportion of the miucrfd veins which divide ■ the disturbances of the coal series of Holeimu and the 
the carboniferous lim'eslonu series of Aldstone Moor, and North of France more precisely than bv saying, it was 
the mining dales of Durham itnd Yorkshire, range East anterior to the oolites, since these ure the oldest strata 
surf! West, and may be reasonably viewed as lateral lying nnconibrmedly over t|ie coal, 
fissures proceeding from the main avis of elevation The blips and dislocations of tlie cai boniferons system 
which they join nearly at right angles. The same direc- almost invariably agree as to the direction of their 
lion at right angles to the continuation of the name slope, compared to-the level of the strata with the 
principal axis of elevation is recognised in the veins of general law staled before; (clt. i. p. 51 f.) hut there are a 
Derbyshire, some of which range to the North-East and. few Cases of such extraordinary dislocation, ns ai Valctt- 
others to the South-East, and, thotlgb with considerable ciennes and in Somersetshire, that the beds of coal mid 
variations, appenm to prevail amongst the numerous accompanying strata are bent into a sigmoidal flexure, 
faults or slips of the coal field of Yorkshire. . . atul.m part turned completely upside down. Lesser 

The great Northern and Southern axis of elevation cases of flexure of beds are not unfrequent! 
of the carboniferous series in Derbyshire is broken across With respect to the degree of distinctness of the 
on the North, near Castleton, and appears to' be terrni- planes of the slip, we may remark that this depends 
nated on the South, near Bradbonrit, by great cross very much upon the consolidation of the strata di- 
faults; and the whole of the coal mebsures of'Nutting- *vided. Thus while in limestone and solid sandstone 
lianistiire and Derbyshire, on the East,' and of Stafford- .the planes or cheeks of the slip are clearlv tiaccrf, 
hb ire on the West of the axis, are cut offby rapid dip or they are almost obliterated in shales, and thin bedded 
sudden depression to the South. It. may be conjectured sandstones, cither by a bending at the surface of frao- 
thnt the line of this depression is prolonged beneath the ture, or by a filling up of the chasm irregularly with 
red rocks of Cheshire to the estuary of the Dec, and it* fragments frurn the sides. This applies even to the 
is, perhaps, not improbable that the red marl and sand- case of a mineral vein' which crosses alternating strata 
stone which fills the drainage of the Mersey covers a of three different kinds, ysr in the mines of Aldstone • 
large extent of depressed coal strata. Moor and Swaledale,. where the metallic and sparry 

Further researches may very probably ascertain tins substances are crystallised in abundance in the open 

existence of several other buried coni tracts in the mid- epace between the hard cheeks of limestone und grit- ... 

land parts of England near the detached coal fields of stone, but ere to Icsspleutiftil in the'obscure and con- 

Leicestcrshire, Warwickshire, and Staffordshire. trncted interval between faces of shale. In districts 

The Forest of Dean is a singular basin of coal* strata which appear to, have been once remarkably subject to 
with a belt of mountain limestone aud old red saticl- igneous eruptions, the fissures of the dislocations are- 
stone, rising from a plain of new red sandstone, ami often filled by basalt, both' in the subjacent limestone 
looking over the vales of Wye and Usk to the similar . and superior coal tracts, as iu the Counties of Durham 
but more extensive district of South Wales. The ge- and Northumberland; but the metallic ores and spars 
neral line of elevation in this immense eoal field is East Which properly constitute a mineral vein, and which 
and West, and the strata dip Bum both the North and abound so much in the limestone as to give it the name 
the South toward the middle; but Mr.Conybeme has of metalliferous, ore very seldom found jo the fissures of 
shown that along the middle rods an internal axis of -this coal tract. „ 

elevation, so tlmt thecoal field is ft double trough. However it is to be explained, there certainly appears Affinity be- 

The elevation of the Mettdlp Hills, and other tracts ; to be some affinity between 1h« metallic matter of the tween veto 
of carboniferous limestone in Somersetshire and Ohm- veht and the nature of the Strata which it traverses; an<l 
certershire, as well as the curious faults in the collieries and though no doubt can £e entertained that the veihs 
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Otology, ate posterior to their including rocks, the frequent pas>- 
Ch. II. sage of strings of ait into the neighbouiing strata, occa- 
— 'V*—' sional rudiform masses, and solitary crystals of the me¬ 
tallic substances embedded in the interior of the rocks, 
besides the very remarkable examples of crystals of 
blende, galena, &c. in the interior of brachiopodous 
bivalves, seem to pro\c that the metallic matter has 
been in these cases deposited by a kind of secretion. 
Nor is this supposition, which is strongly confirmed by 
obseivations m the slate dKiicU of Cornwall, in the 
least inconsistent with what is known of the diffusion of 
metallic substances by gradual heat much below their 
' melting points. Bieislae and Henry mention cases of 
the tinnsfcrencc and lollectum of metallic matter, (cop- 
pei) at an culinary roasting heat, and the well-known 
example ol titanium extricated iiotn tlie melted iron of 


our furnaces hads <o anilognus uMitln ions. We in u (. 

therefore, \cry consistently numlimi, that m.uei d wins «’> H* 
are postenor to the sliata win h they divide, mil u ' 
allow that the liansh.itme ol imtdhc substances may 
have been effected by tl u . ordm.n a--.ii.-y ul luat, m 
theinfiucnce of clcctiiuly, so to mq... gmte the stiula 
under particular circumstance, with the contents of the 
neighbouiing veil.*. Such acuciums ..| inci.ilhc sub 
stances then do not require ns to admit me cnutiadic- 
tory dogma that the veins occupying ii mucs aic con¬ 
temporaneous w ith the strata. 

The metallic substances usually yielded by the cur- 
bonilerous limestone are most of the oics of load, zme, 
and copper, with oxides and oat Inmate of non, and the 
vein—stuff 1 , or inatux, is calcareous spar, tlnoi spat, stil 
phate uud carbonate of barytes, -dumb ante, qutuU, Ae. 


I vmiK 

Algae. 


Vilices 


Oigaiti< Remains of the Cat tionifcrous System. 

Thu m-irk * signifies that the species to which it is attached luui been stated to vccui in th« slate system also. 
‘ PLANTS. 


Naim*, 


British Lixalttin. 


.KqiutfUuin mfnuijilmhfoirue • 

dubiuai .. 

Culannles <1< uuatus. 

.. Wigan. 












pack} del ini... 





.C Mougeottu. 

. Edinburgh. 

, Neiicast Ib.. 

strict*.. 

artemisupfolia. 

. Ditto, Glasgow. 

. Newcastle 


delicxtuta 
dissects .. 


linearis... 

Brnrdr.... 

nervosa. 

trifohata...Yorkshire (,Artis.), 

lendigern. 

Schlottheimii...... ., 

fiag ills. 


11 agios........ 

Ilwningliausu.Newcastle ,. * , 

Dubuissoais.... ... 

distans ..... i. 

gracilis....Ditto. 

Giavenhontu ..... 

Loshii ....Ditto. 

Iatifolui ... ...Ditto. 

Vfrletii . 

afflms, Lind... Ditto. 

bifida, Lind. . . Edinburgh. 

caudata, Lind.. Newcarffe. 

crenato, Lind ..Ditto. 

crith'nnfoiia, Lind....... Ditto. 

diletnts, LinjJaef.’....... Ditp>. 

Cyclopteris oiwvdnria ......... ... 

auricutsta ..Yorkshire. 

flabdUafn..... 

Several specios of Cyclopteris ate found at Liege. 
Neumptens tentninatus........ Newcastle ..... 

. Viltisrsii....... . 

Ci»ti».... .. 

rOtnndifolia’.Yorkshire.. 


Loshii , 


i Newcastle . 


I or. .,pi! oi .lit,. . 

fiaatl ruck. 

Ditto. 

fDitto, Liege, An/in, J.itiy, ltidun.mil in Virginia, 
l VV ilktsbii.e, lVunsylva.iU. 

Radtntr in Mahemni 
Mnnmibach, Wutni, Germany. 

Litrv, Ssaihrnek. 

V\ rikeshiurc, iU. ntr.l&is, Snailiruck. 

Zanesville in Oluti 

fLangeaC, (II. I one,) Muv, Matmcluih, Wcttin, 
1 and Kilim./, m Germany. 

Ktieiiue. 

J.u Lm.liu, Department do la Dordogne. + 
Abus, Liege, St, Ktn nnc, tins. 


Chavlrroi, Silesia, Saarbruck 
Walduiburg m Silesia. 


Saarbruck, Ka.lmtz. 

f Montrelan, St. George ( Iwtclhiison, hi. III! iwlv to 
l in the Vosges. ‘ 

Senna, in Bohemia. 

Le Lurdin. 

Anrin ucnf Valenciennes, Mens, Liege, Silesia. 

{ Doutwcilcr near Saurbrnck, Waldenbarg, and Broi- 
(enbacli m Silesia. 

Breltenbtch. 

Werden. _ 

Montrelais 
Silena, llmenau. 

Silesia, 


St. George Chetellauon, 


Etienne, Liege. 

Berghanpien. 

Klein Schmalkukli-n, 

Aiaw. (Department du Gard.) 

Wilkesbarre in Pennsylvania., 

Mine du Plcssw (Calvados.) 

An *m, Liege, Wilkesbarre. * 
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Ch. 11. Filiccs ....... ... Neuropterii. temii folia ........, .. 


British Lowlltl.-.. 


heterophylla.. Newcastle .. 

Granger! .. 

fh-xuosa ..Hath, Yorkshire, Sic . 

gigantea.. Newcastle.. 

oblongata... Paulton, Somerset. 

cordatn...I.eetjotwoorl, near Shrewsbury 

Simitii...Newcastle. 

Pecopteria Inngifoha. 

blerlinoiib'H ...... . 

('andnlliuna... 

cyathen .......... 

arlwrescens ..... 

platyrnchis... .... 

Dhhieren.. .... 

polymorph a .... 

otenpteroides.*... 

. Uuekhindii...."..Bath. 

uquilinn......... 

Schhithcmiii. .... . 

ptcmi'lcpi ... 

Dtvrcinii ... .1. 

Mantel li...Newcastle .. 

Ion chit tea ............. Ditto.................... 

Serlii ..Bath. 

Gtnmlini..... 

crennl.ita... .......1......... 

marginuta .-..... 


Foreign Localiilci- 

[ Saarliruck, Miereschau, (Bohemia,) Waldenburg, 
t (Silesia,) Montrelaia. 

Saarbruck, Valenciennes. 

Zanesville. (Ohio.) 

Saarhruck. 

Annin, Saarbruck, Bschweilei/Jcc. 

Alais, St. Ktienne. 


Warden,near Dussehlorf, St. Priest. (Loire.) 

Alais- (Hard.)' ’ 

St. Etienne. 

St. Ktienne, Aubin, (Aveyron,) Annin, Mannebach. 
St. Ktienne. 

Charleroi. 

St. Ktienne, Alula, Iatry, (Calvados,) Wilkesbarre. 
Le Lardin, Mannebach, VVetlin. 


.G*oJ 

Ch. 


gigantea 


Yorkshire, 


punctulato... 

nfervosa . 

oblique.. 

Brardi .. 

Dcfraucii.. 

orata.. 

l'lukenetii.. 

argnta.. 

alnta. 

eristatn..... 

* aspora ........ 

Miltoni i......... 

abbreviate........ 

microphylla.... 

eoqtialis... ... 

acuta.... ... 

unite...... 

debilia.... .. 

dont.ita .... 

nngiihtivaima . ...... 

gT..c(liH.... .. 

pvilnicforml* .... 

triangularis ... 

pectinate.............. ‘. 

plumosa.. Ditto. 

adiantoidus.Lind... Newcastle. 

Iieterophylla, Lind..Ditto. 

Lonchopteris Duurnaisu.. ... 

cnucellafa. • 

Oilnntopteris Brardi ... 

cronulatn... 


Mannebach anil Wettin. 

Mannebach, Geislautern. 

Mannebach, Aubin. 

Large. Valenciennes. ' , 

Liege. , 

Saarbruck, Silesia, Namur. 

St. Ktienne, Wiikosbarre, Geislautern. 

Geislautero. 

Ditto. 

Alais. 

f Abaschcrbiitte, (Treves,) Saarbruck, Wiikosbarre, 
l ■ ■ Liege. 

Montague ties Ruusses, (Oisaus,) Wilkcsbarre. 
W.ddeuburg, Robbie, Liege, VVides.' 

Valenciennes. 

Ltirdin,. 

Saarbruck. 

St. Ktienne. 

Alais, St. Ktienne. 

St. Ktienne, Saarbruck, Rhode Island. 

New South Wales. ■ . 

Saarbruck. 

'Montrelaia- 

Saarbruck. 

, Valenciennes. 

Saarbruck. 

Fresnos anil Vienx Condo, near Valenciennes, Silesia. 
Saarbrucjc, Ronehamp. (llonfe Sauim.) . 
Geislautern, St. Ktienne. 

Mince de Ronehamp. 

Valenciennes, Doutweili v. 

Swina, ( Bohemia,) Saarlirotk. 

Geislautern, Valenciennes. 

Fresnes and Vienx Condi, Saarbruck. 

FresncH and Vieux Condi. 

Geislautern. 

Saarbruck, Valenciennes. 


Vulencienae*. 


I.ycopodiacca 


. minor... 

obtusa ....;.Near .Shrewsbury ... 

Schhothemiii........... ...... 

Canlopteris primaivn, I.iud.* Somersetshire. 

Schiropteris anomata .. 

,I.ycupodites pwiformi*.. ,,i.,, 

polyphyllus. ‘ 

Grave nhorstii . i..... 

Silliinanui.... 

' HiB.migh.uisu .. .. 

imbricnlus ... .... 

* . phlegmarioidba ........ Newcastle ......... 

tenuifoliuH ... ... 

■ fiticiformi* ?.. 

.affinis?. 

SeUginitei'p»tens ............ Kdinburgb. 

rrecCdV ..... .. 

J-epidodendron Sclaghuihleom <.. Newcastle ......... 

elegans .’. 

jlui klandi 1.. ... Colebrook Dale. 


hti Lnrilin and Tcrrosson, (Dordogne,') St Ktienne. 
Terra saon. 

St. Ktienne, Lo Lardini 
Terramon. 

ManocbadgYVettin. 

, Saarbruck. 

. Sax* Gotha, St. Ktienne. 


Silesia. 

, Hadley mi the Conneetieut. 

, Kislehen. 

, St- George Chatellaison. 
Silesia. 

, St. George ChalcllaiiKm. 

, Web in. 

, Ditto. . ' 

Mont Jean, near Anger*. 
Holu-j^a, Silesia, 

_ .Siviui, Bohemia. 
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Fuioi^n Local'iius. 


Geology. Family. Kami.. JttlUsli Localities. 

Ch.ll. Lycopodiucem ....Lepidodemlron ophiurus........ Newcastle ..Charleroi. 

'“•"V**-' rngosum.Oulu, Valenciuuncs. 

tlndrrnroodii ........... Anglesea. 

taxifoUum .... llmenau. 

jnaigno .......•.St. Iriglvri jn Bavaria. 

Sterubergii.Newcastle.S .viiiain Bohemia. 

loDgifolinm .*... Ditto. 

ntamilDra ... ..Wilkodmrre. 

oriwtisslmum ...Edinburgh, Yorkshire.Silesiu. 

tetragonum .. Newcastle., •, 

veoogum .............. ....Walden burg, (Silesia.) 

traneversum.Glasgow. . 

Vplkmanuianum .......... t...... v.'.... Silesia. 

Khodianum ........... Yorkahiw ..Ditto, Valenciennes. 

cnrdatum ..Durham . ............... 

oliovatum ...... /Radnit*, (Bohemia,) Silesia, Fresnes, andVieua 

>7 | Coudd. 

. dubmm............... Newcastle, ' . 

taw ... ..... Coenti de ia Marche. 

pulchelluio ......... Aiaii, Liege. 

cselatum ............... Yorkshire. _ 

varians ....IVilkesbarre, Saarbrock. 

carinutnm .,. St. George Chatelloison, Montrelais. 

cronatnm ....... Holthniii, GKbwotai Emoui, SEarresviltar (Ohio.) 

addendum.... Kstrn, YVilhenliurrc, Buliemia, Silesia. 

Ciatii............. Wilkcsbnrre. 

dtsfans ......, St. Kt ionne. 

laricinum .... Bohemia, Silesia. 

rhnosnm. ... Bohemia. ' 

undulation ...Ditto. , 

conducin' .. ....., .Silesia) Ksehweiler. 

HnrcoBrtii, With.) (Noffhuml*rland. (0. V.) ..."... 

imhricatum./'.{ Uwari,) ^’rwe.ler, \\ ettm. 

acerosum, Lind. ........ Newcastle. 

dilatutum, Lind. ....... Ditto. . . 

gracite ....Dittb; 

, Lopidophyltantnajus ......... ....Qeislautern. 

luuceolatum ........... ....... Mpulrelaia. 

■ Boblayi.... Valenciennes, ' 

tiiiinrvo ....... j... ... 1...................... MWrelai*. 

lincare......Alais.' 

intermedium, Lind,. Near Shrewsbury, 

Lepidostrubus oraatui Shropshire. , 

undulates . KnjAanil.' * , 

crnargtnalua ...Yorkshire. 

major.i..... Newcastle. ■ 

Tartabilis, Lind. ,..;.... Ditto. *' 

Ulodendron majus, Lind.. ..,,, Itdrosloy^ieorNewcustlo. 

minus, Lind. .......... Halifax; (‘raighith, Shields . 

Cardioctuppn.'majufi ..St.^tirnns, Langeac.(II.Loire-) 

Pvmiwi .. ..... Langeae. 

cordifqrrae ..... Ditto. 

ovatum -Ditto. 

scutum ...Newcastle . .......... ... .'Ditto, 

Stigmaria feticidata ,■ KoghmiK,- • 'i 

Weltheimiana.Magdeburg. • 

reguTaris .............. Germany. ... , • 

intermedia ..... .*».... f St. George Chntojlaison, Monfrolais, WilkesWre. 

•flemde;{^ Uuili 

tuberculosa ............ Mootrelais, Wilkesltarre. 

> 1 rigida, MAVtisss'seieVst . s ns >s« • »s »s s*. , # 

minima.V.VIV... Anglest*'................ Charlertn, 

CacteMM? «.... •Sigillaria punctata..'i. ... I.Bohemia 

’ ■ appeudiculat* Yorkihire Ditto. . ‘ 

neHigcra Alais. 

• Cistii . Witkesbarre. 

lawisa..,...in,,, l-tag*. 

canal Veulsta..Saarbruck. 

rilgou ..i... .... . Wilkes barre. 

Coster .t............. . 

6lf)Dj2tiU 4 te^esi 

iwnijumli • m.• h s.s< ^-N«wc8itk.»«t os.«>» v> ,» mni) Biseo. - 

hi]){K)iCf]pil •»M«(|SM«»| •*i»#4si«s*»ssts«i,f tests 5*CU||, 

..' iMeUine, .. 

CondolUi .... v Awt, t 

QCflldtilt etei^i e*»‘i «' • d a • a iHeittiinsioirti Jloh^UllIs 

... .. St Etfenna, Snurbrock. 

,.r. Bafht Totkthite, Newcnstla. Alais, Escbtrcflor, Wilkeekarte. 

VOL. VI. ' * ' 


(fV. 
i h it: . 


.• •. a4# .V.. .h.. .* Bt. Otofjjc Ch4itoIl<u«on, Alonfrtjlm!!, WilIc(>*Wte. 

l. iCU KTorfh,™. fliargo .Chatcllaiean,' Montrelsis, St. Ktioime, 

riinADeZ^im I rJ ^ c - Valenciennes, Muhlheim near 

rtaud,,Derl)j slurp, Kc .. j. xj„ B „e!dorf, Silesia, Bararia. ' 

. ' tirtll.. .*_ 


orhiqitarU , 

* tcsselluta . 
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Genlim'. Family. 

• Cli II. Cacteace®.. 


Kame. 

. Sigillaria Bohlayi ... 
Knorrii .... 
elliptira .... 
transversal:* , 


nrilitli Lui alitiH. 


Vdiraanni ... ..... 

auhrotunda.. ... 

cuapidata..... 

ncutellata. 

pachyderms....Yorkshire. 

notala...... 

Dutirnaisii.... 

trigona...... 

..*.. 

alveolaris.... •■•••.. 

hexagon*.............. .... 

•lPgnnS...*...- 

omata. 

Menard*. 

. Drardi.. ..... 

btlgito.. ... 

obliqua......... ....... ... 

dubia....... 

Defrancii 

Sertii Faultou. 

organum, Sternbe. ....... Newcastle. 

. . f Cramlmgton, Nortnumber- 

monostaehy*..^ land. 

C.i-iltow?.Sphcnophyllum Schiottheimii.■•••••.. 

eniarginnttkm.Bo**! • ■ ... 

tmneatum.. Somerset. 

dentation... Newcastle ... 

fimbriatmn. . 

quadrifidum..; m ...-.. 

dissectum.. ............. 

erosum, Lind.. Ditto. 

Piaile* Brandling!, Lind........ Ditto. 

Withami, Lind. ..Kdioburgh. 

medullar!*, Lind........ Ditto. 

ambigWM) With. ....... High Hewortb. 

.. (Lemiel Braes, near Cold- 

Pitua antique, With. .. \ ^ W1B , 

Anabathra pulchcrrima, With. . iwoed Mill, 

Pence Withami, Lind.......... Durham. 

Palma:...Vlabellarin? bornssitoUn........ «•••••••*•«..»•. 

Ningerrathia follow.. ... .. 

ttahcllata ....Newcastle. 

Zeugopbyllites calamnidea.... 

Can me .....Caunophyliito* Virletii .Yorkshire. 

Siernburgia unguium .......... Ditto. 

unpruximata..... 

dUtuns .. Edinburgh. 

Poacitee laneeolata ...*. 

wqualit..... 

striata .... 

Glnmacete . .Cyperite* bicarinata, Lind.Near Shrewsbury. 

Trigouoearpon Parkinsonis ..... 'England, Scotland. 
Nosggerratbi 
ovatum ..... 
cylindrisum ,. 

duliium ... 

Musocsrpum prisoMtknm ...... .. 

(lidomie.. . 

ountractum.. Oldham. 

(Class doubtful) ..PhyUotheca australis .. lahwtset "•‘inn 
Aunnlariamhiuta ............ ......... 

brevifolk .. ......... 

fertilii ................ Bads .... 

floribunda ............. 

longifolia... Caraerton 

—-B. 


•MM 


tpinulosa 

radiata ... 

AsterophyllitesequiietiCirmu .. ......... 

. rigida ................ ......... 

hippuroidss ............ 

longifolia ... Newcastle 

lunuifnlia .....Ditto. ... 

tubemdaSa ............ Ditto. . 




■ ••■.waersiss* < 


• •fski*»tds<rsess*s 4 


Fmcign Localities. 

Auzin. 

Baarhruck, 

St. Ktienne. 

Ebchweiler near Ail.la Gbapelle. 
Witkcsbarre. 

Doutweiler, near Baarbruck. 

St. Ktienne. 


Saorbruck, Silesia, Liege. 
Charleroi, Valenciennes. 

Radnitx in Bohemia. 

Charleroi. 

Saorbruck. 

Burckum, near Essen, Eschwetler. 
Borckunu 


Tcrrwson. 

Montrelais. 

Wilkesbane. 

Ditto. 


Waldeaiburg, Silesia. 

Wilkeeberre. 

Amin, Geislautem. 

Tcrrasson. 

Mnntrelaia, St Gcoije Chalellaisen. 


Swina in Bohemia. 

Bohemia. 

Rada Gunje, near Rajemahl, India. 


Langeac, St. Etienne. 

Zanesville. (Ohio.) 
Tewasson. 

Ditto. 


Longe&c, Coal Mines on the Rhine. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

natvkcshory Hirer, New Holland. 
Tcttbswo. . 

Alois, Geislautem. 

St. Ktienne, Wilkesbane. 

Snarbruch. 

Gehdautern, Steam, AMs, Wilkesbane. 
Charleroi, Itoraesdn. 

Sammy. 

Saubruck. 

Mannebach, (Saxony A Rhode Inland. 
Alois, Valenciennes, Charleroi, Bohemia 
Ahna. 

KsAweiicr. 

Silesia. 

Germany. 

Charleroi, Auxin. 
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Geology. 

Ch.IL 


Family. Mam*. HrltUh JUKuUtiat. 

(Clue doubtful.) . Asterophyllites Hraidi... 

duliia....,.. Newcastle. 

diffuaa..... 

grundin, Lind.. Ditto. 

i'oliosit, Lind.. Ditto. 


galioidea, I.itul.Barnsley. 

Vollunannia oolystachu .. 

dintacnys ..... 

craa.... 

Pulyporitcv Bowwsnni, Lind. ... K«nr Wrexham. 


Porrijn '.urdilioi. 
K.uUut4, li.-l.uui*. 


WaliienLutg. (Sileai».) 
Soriaa. (lkihuiiii.L) 

Teri.ivuju. 



Nearly all the names of fossil plants are taken from of plants known as 1 to 30, they were in that ancient 

Brongniurt; the few from Lindlcy and Hutton, from epoch in the proportion of *27 to 30.” 

Sternberg and With:un K are marked by suitable ubbre- If we seek to determine by comparison with junticiilnr 
viations. or local exiHing/lura»,ti\c probable circumstances under 

Analogy to The following observations by M. Adolphe Brongni- which cryptugamic plants grew !« such preponderance 
existing art contain nearly all that can be at present advanced in the carboniferous epoch, we shall lie guided by the ob- 
plauts. concerning the physical conditions which governed the servations of Brown and D'Urville to some important 
growth of these plants. We shall first remark that since results. According to these eminent -Botanists, the fa- 
the date of M. Brongninrt’s Essay, true conifera: have mily of ferns is subject to the influence of two causes, 
been discovered in the English coal districts, and that which determine their mode of distribution over the 
his reference of sigillariu to the tribe of arborescent Globe; heat of climate, and the influence of the humid 
ferns appears open to very serious objections, and is per- air and uniform temperature of the sea. Hence, when 
haps not generally allowed. Besides the few conifer® and the circumstances depending on proximity to the sea are 
moiiocotyledones, “ the flora of this epoch is composed equal, these plants arc more abundant in the Equatorial 
almost wholly of vascular eryptogamous plants, so that than in colder regions, but in the same zone of climate 
out or 260 species 220 belong to this class. But, they are much more abundant, in isles than on eonti- 
lliongh evidently ranging themselves in the families of nents. In the temperate purls of the Continent of 
equisctacc®, Alices, and lycopodiuce®, these plants differ Europe, under favourable circumstances, they ate. to tin; 
from'the species, and often from the genera now in exist- phanerogamic tribes as- 1 to 40; within the tropics 
ence, in several points of their organization, and espe- Brown states the ratio as 1 to 20, and in mtlavomnlilc 
ciallv by their gigantic size. At this period there existed situations us 1 to 26. Under the same latitude, this 
etjiiiseln. more than ten feet in height, and five oi six proportion becomes much greater in Islands ; in the West 
inches in diameter, tree ferns forty or filly feet, mid Indie* the ferns are as 1 to 10, instead of l to 20, ns in 
arborescent lycopodiucc.e sixty or seventy feet high. The favourable situations on thc< on tine lit of cquiuoxiul Amr- 
essential characters of this ‘primary’ vegetation are the rica; in the South Sea Islands 1 to 4, or 1 to 3 ; while 
aniurrleal predominance and grt'at Magnitude of these on the Continent of India and in the tropical part of 
cryptogaunc plants. , New Holland the ratio is l to 26. At St. Helena and 

“ It has been long observed, that the plants, of this Tristan d'Acuyua the cryptogam® arc to the phaucru- 

age resembled generally tiiose of the hot, rather than of gnmia as 2 to 3, uiid in Ascension nearly as l to 1. 
the teinpeiute regions of the Globe; but since the fossil From these examples it is plain, that the smaller the 
plants have become much better known, and their analogy isles, and the more remote they are from great continents, 
with existing tribes’ founded upon a more thorough ex- the larger is the proportion of fenis growing there ; and 
nmitiution, their relation to the plants of Eqinitoriul re* we may conceive that if such islands were alone in the 

gions may be established on n more solid basis. Ail midst of avast ocean, or formed only scattered points 

cryptogam® plants acquire greater size, in proportion ns or little clusters without any great continent, their pro¬ 
file climate is hotter; or rather, in cold climates none but portion of terns would be still greater, and the cryplu- 
very small species of this class are found, while in tro- gamia become the predominant group. Geologists have, 
picul regions we have, in addition, many of large size, from indepen lent considerations, interred that at the 
The ferns of cold and temperate climates are upon the time of the formation of cool, the extent of land in 
soil, or their stem risesonly a few inches in height; those the position of our present continents was very small 
of tropical regions grow to ten or twenty feet: the compared to the wide surface of the sea; and thus Geo- 

smallest equiseta known are those of Lapland and logy ami Botany appear to agree in determining that at 

Canada; the largest grow in the West Indies, and Equi- this period, and in the situations where, afterwards coal 
noxial America; the lycopodia of our climates are never was formed, land existed only in small islands, amidst ex* 
above five or six inches nigh, those of tropica) regions tensive seas. Qn these islands, under perhaps a more 
are three or four times os high. , than tropical climate, in an atmosphere charged with 

“The numerical predominance of the cryptogam® moisture, we may believe that those gigantic cryptogumia 
tribes in the carboniferous epoch is such that, while iu the grew which have produced so large, a proportion of the 
existing order of Nature they are to the whole number ' extended coal beds of the older carboniferous epoch. 


Family. 

CeUtilifera.. 


PoLYFAJUX. 


Name. 

Florin ciinoidea, Millar. ....... 

Bstepora flustnefomas, Mari. ... 

elongata, V.. 

Cellepors Uni,F.. 

Aulopora compressa, G. ....... 

Cstenipors.. 


BrilMl Localltl**. 

Arran. 

Middleton, Derbyshire; Arran. 
Rutherglea, Lanark. 
Balkugkfl. 


Fornix* loc*Uu*fc 


Ruling* a. 


4x2 


WInster. 
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Geology. Family. Nome. ' Btll'nli LocsIUle*. Foreign Localities. 

Oh. 11. CeUtilifwa.Tuhiporu ramuWa ............ Momlip, Westmoreland, Ireland. Olne, Limburg. 

. - mi j Syringopora rcticnl.it a... .....Olne. 

“ radiata, Mart. ...Winder. 

stones, L. ..Westmoreland. 

tubuliria L........Liege. 

Favosites septosus, F......Scotland. 

dspruamt, F. ......... Ditto. 

.. . Arran. ' 

•Colatnopoia nolymorpha, G.........« nmur, Klberfeld. 

Millsporn, liml* scribed, Sp. ..... N*ar Kirby Lontslato, in thin beds. 

, _ fNeor Middlaham, near Kirby 

xmd escribed, Sp.. j Lonsdale. . . 

L&meUifera......CyatUophyllum excuntricum, G, . ...... . Ratingen. 

pentaguuum, G. . •.... Namur. 

Lithostrotrun striatum, Park.... Wales. 

floriforme, Mart. '.Bristol. ' ' 

marginatum, JV-...Scotland. 

Caryophyllia fusciculata........ Bristol ..\ 

aftimS^"!'. a* Namur ° f c* r ?*vw»- 

■ juncea, F... Rufhcrglen . ... J 

Turliintdia fiuigites, V. ........ Yorkshire, Rillherglcn, Ireland .. Liege, Namur, 

Aatraia nmlulata, Park ......... Bristol. • 

Porilea celluhwA, Park ......... Meud.ip. '/ 

*Amplsxus eoralloidus, Sow. .. Augle*«a, Limerick. - 

These thirty or more species of polyparia, appear ofllelguim and Westphalia. No polyparia iiave yet 
almost wholly distinct from those of the slate system,. .been seen in the proper coal measures; they all belong 
yet they belong mostly to the same genera. They have to the subjacent limestone group, 
os yet been little noticed in the carboniferous limestone 

RADIAMA. . 

Family. Kumr, British LoctUillot. 

Crinoiilca........Pemtremitw eUiptktts, Sow.' .... Preston. 

Derhiensts, Sow.. Derbyshire, Ireland. 

globose* .. Hath. 

undiMieribcd spocics ...... Cravenin Yorkshire. 

oralis, G. .... 

Poteriocrinus crassus.Yorkshire, Jre. Bristol, Arrau. 

tenuis...Mcndlp, Bristol. 

PUtycrinus lav is... Bristol, &c. 

tugosus ..Mcndlp, Ooldy Island, Whitwell. 

tuberentatus.. Mcndlp, WhitwsU, Yorkshire. . _ 

granubitus,..... ....... Ditto, ditto,ditto.' • . 

•hiatus...Bristol. 

•pcBtangiilfiris.Ditto, Mendip. " 

dopressus, G. ..... Ditto. 

Cyathocrinus planus .. .Northumberland. 

muuquaugularis ........ Bristol. 

'rtigosiis ..Wbkw] 


Geology. 
Ch. 11. 


Foreign Loratltlos. 


Raiingen, Dusssldorf. 


Whitwell, Yorkshire. 


Actiuocrinus *30 dnetylus ...... Ditto,ditto, Ireland. 

■ polydadylos-.i.... Whitwell, Mendip. •, , 

lewis ..... .. Ditto. 

Gilbertson*......... .... Whitwell, Yorkshire. , f 

grauUlntUs, G ..Ditto. 

Hhoducrinus *»an>» ... Whitwell, Bristol, Dean Forest. ' 

(jiiinqutingtilaris ... Whitwell. 1 

Engcniorrimii, nndeseribed.County Fermanagh, Ireland. 

*“■“*.*tSJS*JS 

nested spines.* UTestmoreland. 

No rudinrin have yet been seen in the proper coal 
measures, they alt belong to the subjacent. limestone 
group, which in some extensive tracts is almost wholly 
composed of their disjointed columns and oilier parts. . 

Cokchjfetu. 

Family. Name, BtUlah LocMIltm. ■' 1 Foreign Localities. 

Ptogymyona .. .Pholadomya ? undescrihcd, Sp....... Costleton. ' • 

Corbnlalimosa, F. ....., Scotland- f > 

Sangtkinobiria gibbosa ......... Queen's County, Ireland. 1 

Tstlinn Uneata, H..... Ratio gen, . 

Cardiurh *al*fonne ....j^ulij!*"’ ^ '*'***’* 

* ‘ Bibernkum ..'... Cork, Menilip. 

elnngahiro ............ Bakewell, Whitwell, fte. 

HUtclla sulcata, F...... .;.. Frith coal field, North Britain. 

Isocardia obloogn..........«....... ^BuUid. 


The names are principally from Miller’s Work oh 
the crinoidea; where .other authors are quoted, their 
names arc appended to the particular species described by 
Utera. 
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11. 


Family. 

Plagyinyonu 


Name. 

.Cypricardia annulate.... 

Nucula palm*.. 

attemmta, F. ....... Shale .. 

gibboaa, F. .Ditto.. . 


Anodon? crassus .. 

Unio Urii, F.Coal... 

subcoustrictns... 

* aeutus. . 

other species.. 

Choma ? anti qua, H.' .j ............ 

MoUiula hevis ... 

undesrribed species v ......... 

. Goldlumii, II. .... 

Megaloduu *cucutlutus ...;. 

Mesomyona.... Mytilue crassus, F. Shale.. 

minimus, II.. 

Pinna fiabeUiforiiiis, Mart. ......... 

1 uoccramus Vetustu*... 

Pectcn, undeicribed, Sp. i... 

prisons, Schl. .. 

plicate* ...... 

S rnnosm.... 

issimili*, V, . 

jnpyrnceu*.Coal... 

tmdescniirtl specica .. 

Aviculn, umlcscriUd spews .... 
Vulsella t cingulate, U. ....... 


HritUli Localities. 

Derby shire. 

Rtithcrglvu. 

Ditto. 

Northumberland. 

Wigan. Leeds t 
Ruthcrgh-n. 

Yorkshire, Newcastle, &c. 

]>itto, ditto . 

Yorkshire, Derbyshire. 


Farciru Uiealitnn. 
Vise, near Liege. 


Marry Isle 
Castletan. 


Yorkshire. 

Cult lulls, Fife, Wigan 


Ashford ... 

Caatlefon.. 

Ditto, Yorkshire, Ireland. 


Liege. 

i Ditto, Werden, Bochum. 
Batingeu. 

Ditto, Visit. 

Werden, 

Neur Cologne. 

Knliueen. 

Ditto. 

Diitw 


Pobidouia, U. .... 

imdescri'a'd... 

(litres prises, H... 

llinnites Ml.iinvillii, 11. 

Brnchiopoda . . .OrbicuU rtllexa ?-... . Irons!.. 

unde»ctihi'il species.... 

Terebratul.i iicmuiiiata.. 

•crunicn.i... 

•pngnus... 

* ? platylolia 't ............. 

* lateralis. 

*Mautiie....... 

•eiu'diluriuis.. 

•rruiformis. 

hastata . 

•miccuIus ... 

duhiit, 1).. 

Dnrassii, I).. 

t iuilentiita... 

oblique,... 

mounculatu, Mclil.. 

•lewigatn, Srhl. 

Sjurifera resupiuata (Teteli. Sow.) ... 

. Martini ........ 

. • ruspuluta ....,....i..«... 

trigimalis... 

triangularis. 

•ondrilatn ... 

•uctoplicata .. .. 

•glribrsl..... 

•striata. 

•ambigtta .. 

minima.... 

•obttiaa... 

*Iin£atn.. 

imbricata .. 

> oblata.. 

•pinguis ... 

•attennata .'. 

blsulcata ... 

•distaus.., i.... 

. *rotundata .. 

■ Urii, F... 

; exarata, F. ..... 

biplicata, G... 

•Lingula iny tiloides ............... 


Queen’s County. 

Ditto. 

Scotland. 

Leeds, Sheffield, Halifax. 

Noithumlierlaud. 

Ditto. 

Bradford, Sheffield.. 

I" Flashy in Craven, Yorkshire, 
l Ireland, 

Mradfurd, Yorkshire. 


Liege, Werden. 
Yi:{, nenr Liege. 


Visi. 

U.uuigeti. 


Coalbrook Dale ? 
Northumberland. 

Buxton, Scalebnr, Clithero, &c .. 
Winster. 

Cronin, Ii eland, Ac., Clithero. 
Clithero, 

Black Kock, Cork, Dublin ..... 
Ireland. 

Ditto. 

Dublin. 

Bristol, K. L. lie. 

Middleton, Matlock, K. L. 
Ireland. 

Dublin. 


Ditto. 

Ditto. 

Ditto. 


llovcdalf, Clithero, Rulhiwgleii , 
C.istletou, Bristol. 

Ditto.... 

Cuvcdula and Overton. 

Buxton, Derbyshire. 

Arran. (East Thuklry.*) 

Dittu.. ........ 

ChelrnortOn «tfid Ireland ...... 

Bakewell, Arran.. 

Ditto .. . 

Ditto. 

Scaleliar, Yorkohiro. 

Castlutrm. " 

Ditto, Little.. 

Flintshire, Derbyshire.. 

Black Rook, In land. 

Ditto. 

Ditto ..... 

Ditto. 

Torquay, Limerick.... 

Uiiifierglen. 

West Lothian. 


Ditto, Vise 1 . 
Hat ingen. 

Yi>£. 

Ditto. 

KutuigeD. 


Ditto. 

Vise, Kutingcn. 


. Ditto. 

Ratingcn. 

, Namur, Hafiogen, large. 
Katingen. 

Ditto, Liege. 

Ditto, ditto. 

Vi;£, Liege. 


Producta •longispinn 
spinulosis..... 
FlemingU-..,.. 


•ptnoM k....... 

SeOtka .... 


W olsingham. 1 

Rntherglcp. ■ 

Kilbride, Lanarkshire.. 

Linlithgow. 

Livingstone, ditto. 

Ditto, Arran... .... 

Linlithgow, Arran, Isle of Man.. 


Vis*. 

Ditto. 

Katingen. 

, Ditv, Vlti. 

Ratingeo. 
Liege, Vi*<- 


Geology. 
Cli. H. 
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Family. Nam**. lirltith Tioriilitiin, 

Ch. II. Bracbiopoda.,. .Produetaaculeeta...Bnkewoll. 

gig.mtea.... Ditto, Yorkshire. 

*scabricula. fM.lld.Ue Derby, Amu. North t 

( imiburland.1 

Martini. { A “;. 

cravia.Bykto.i, IX'rby. 

striata...(!room, Ditto. 

(tcmir»;tici ilarii*.. Derbyshire. 

ttnti'jiiat.i.J>ittO| Dublin. .. 

♦siiU’iitn.. Ditto. 

jmino:i:iLi .Ditto, Kendal. 

met.ita.Buxton, Yoikxhin*, ln-bind ..... 

iiiubiiat.L .Derbyshire, YorlcKhiro. 

* ]<lit'.it:lis...Ditto ..... 

•''hnrritl.i .................. Arran. 

hemisphnririeii...Mymckl Carrey, Yorkshire. 

roimmlcs.....Llan^avennl. AngVsea. 

I i1i.q-.iina.. PufKa Island, Arran ... 

.. ..Richmond, Dei byshire ......... 

, . * f Clifton, Cumborlaml. Northum-1 

l '* u,a .{ berland, Arran .. } 

instate.Gloucestershire, Glasgow. 

luireero-u.Hrudon, Derbyshire. 

Crania prisc. 1 , II... 


Foreign tmttttei. 

Vial-. 

Rutingen, Vixi. 


Ditto, ditto. 

Visit, birgr. 

R.ititigen. 

Vlxr. It,.! j ii^un 
Untin^’n. V'i-5, 
itatingeu, Liege. 

Ratingon, Vise, Lic^r. 
Ratingen. 

Ditto, Vist, Liege. 
Ditto, ditto. 

Ditto, ditto, ditto. 

Ratiugvn. 

Ditto. 


The mimes in tin; preceding catalogue of couchifvra. 
ate almost wholly taken from Sowerby’s Mineral Conch- 
<Jn*;y; \\ here, other uuthors arc quoted, their names 
ure appended to the particular species described by them. 

The couchifera of the carboniferous system admitted 

in the preceding lists amount to 112. 

Plugymyona 25, mesomyona 17, brachiopoda 70. 
Of these 3 plngyinyonous, 7 mcsomyououH.nnd 31 
braehiopoilous, are said to he also toiind in the slate sys¬ 
tem. On this subject the remarks which follow the 
enumeration of the conch I fora of the slate .system may 
be referred to. Mcsomyonou* bivalves have now be¬ 
come more numerous, and the enormous preponderance 
of brnchinpoila over the other orders of bivulves is re¬ 
duced from 6 to I to about 2 to 1. 

Of these 112 species, 5 are. generally allowed to be 
Iluviutilc or lacustiiue ; and their number, if augmented 
by the yet undescribed species in England, may very 


probably, amount to lu. Nearly all the marine tribes 
occur in the limestone group below (he coal measures ; 
alt the fresli-water species lie in the coal measures; but 
there is one thin layer of marine shells extensively 
spread in Yorkshire, in the midst of the coal measures, 
above certain fresh-water layers and belovc several others. 
No fresh-water shell lies in this bed. ITcuce the 
series of operations by which that coal field has been 
formed evidently includes one period of marine, and 
two of fluviatile or lacustrine action, subsequent to the 
general and Lag-continued action of the sea, which de¬ 
posited the mountain or carboniferous limestone. There 
is no disturl ance of strata nor any tiling to indicate 
locul movement during the deposition of the coal, and it 
is presumed shat the alternation ol marine and fresh¬ 
water deposits, here certainly proved, was occasioned by 
causes acting at. a distance. An additional memoir has 
lieen promised on this subject. (See p. 591).) 


Mollusc a. 

Nnnic. Biilij.lt Liu'blilfo-i 

SSil • • • "*“*•.Near Clithero. 

tuhifiir ...Ditto. 

soirm other species.Ditto. 

Patella, several species ......... Ditto. 

primieena, S'chl. .. 

PLnorbls, Phil.. In coal measures, Yorkshire. 

Planorbis eijiialis.Kendal. 

Ampulluria nobilis ...Queen’s County, Ireland. 

liclicoiilus.. DiUu. 

lmdescrihed.Olitliero, Westmoreland. 

Melania *constricta .Buxton, Tidcswelf, 

Nerita striata.Corry, Arran. 

*suirata....Bristol, Derbyshire, 

other specie*.. Clithero, Northumberland. 

Natica elongate, Ham. .. ... 

GailTanlotii........ 

globose..... 

patule.. ... 

urul escribed specie*.Clithero, Northumberland. 

1 '(HelkTsovv.)} 0 "'"*'*.Derbyshire, Yurksbin..... 

striata...Derbyshire ... 

j several undeseribed species Near Clithero. 

Cirrus* acutux.Ditto,Derbyshire ........ 

rotundntns ............ Ditto, 

sevoral undeteribed specie! Ditto. 

Kuomphnlus nodoous .. Derbyshire... 


P'Mindgn LocMUlc*. 


Ratings'll. 


. Ditto. 

. Ditto. 

. Virf. 

. Ratingeu.' 

. Vis*, 
i. Ditto. 

• Namur. 


Rstingan. 


•m \. 
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Family. 

Gasteropoda 1 
llulostumaia I 


Gasteropoda l 
Soli-nost omatu J 


Name. 


Ertln.li Loealiluis. 


Lrs-ahtira, 


.Kuomphnluft angulosus. 


♦catiilus . .. 

delphinulariv, Han. . . . .. 

Derbyshire, Yorksire . 

• Ratingen. 

. Ditto. 

tuberculatus, F.. . 

West Lot hi un. 





other undescribed species . 
Turbo *tiara. 



Ditto. 


uudcM-ribed species ...... 

Northumberland. 


sealant, G. . . 

I Several undeseribed species at 
f Clithero. 

| Ditto. 

1 Vise. 


Ditto. 


J 

1 Katingen 
. Ditto. 



l.'rii, F . 

elongate, F. ... ... 

apituda, G. .. .. 

■ngustata, G. .... 

COllOUluA, Q. ssssi.ra'.. 

Ruthorgien. 

Ditto. 

> Several undeseribed species. - 

r Ditto. 

Ditto. 

Ditto. 

Ditto. 

acuminata, G . 

1 

> Ditto. 

striata .. 


Ditto. 


.Hnccinum acntimi.Qnoen’a Clqunty, Irelaud. 

undeseribed species ..... Near Clithero. 

Hostellaria ?.I)ilio. 


Geology, 

t h. H. 


This catalogue of gasteropodous mol!usea is very in- limestone of Yorkshire ulone. Several others were col- 
complete. At least as many more species, most of levied by the late Mr. Miller near Bristol, and by' the 
which sire in the possession of Mr. W. Gilbertson of Rev. C. V. Harcourt in Northumberland. 

Clithero, remain to be added to it from the mountain 


Mollusc*. 


nrilv. Name. Iliiti'sli l>>i-ditaes. i ,ingn horatlliw 

Cephalopoda l .Bellerophon *hiulcus.Derbyshire, Yorkshire.Vint, Ratingen. 

Moiiothalanua | 1 1 ’ B 

♦curtains.Derbyshire, DuMiu ...Ditto, ililtu. 

♦lenuifascia. Settle, Kendal, In-land ..llutiogcn, Viat. 

♦apertus .. .Kettle,‘Ireland. 

♦cornu arielis.. Kendal. 

tTrii, F.Uutheigleu. 

dccussatus, F.. Linlithgow. 

strintns, V .Ditto. 


Cephalopoda! 
Folythalmia ) 


deprexsus, Monti. 
■ vnsulitcs, Muntf, 
in) described .... 
imliricatns, U. .., 
snlcatus, G. 

... .Orthocura gignntetim . 

enrdiformo. 

iiiidnlatuai .... 

Breynii . 

ftiMfnnne ....... 

riuctrini. 

11,'Midi, Mail. . . 

law. F. 

pyianitd.ilo. F. . , 
cyhu.l.uet- i.i. I', 
annulare, F. .. 
rugoMim, F. .. 
ungulare. F. ... 
niU-iiualimi. F. . 
sulcatum, F. ... 
nndatum, F. ... 
Sleinhaneri .... 

Cmnilaria sulcata ..... 
tore!.......... 

Nautilus comjflanatus , 
Henrtowi ..... 

♦jbbrtm. 

WBilticaantau. 
hUofautlM ....... 

pentagonal .... 

TnbercuUlni .,, 
ffiaeas .. 


Yorkshire, Westmoreland. 


..... Closdiurn. 

.Ditto. 

..Clithero, Settle. 

.Ashford, Clilhero. 

..... Clithero, Queen's County. 

.Clithero. 

.Ashford. 

..... laulitligow. 

.Ditto, 

.Livingstone. 

.Linlithgow. 

.Ditto 

.Ditto. 

..Livingstone. 

..Ditto. 

.Ditto. 

.Hairline, Yorkshire. 

...... BwatuljButherglenjCoaibrwolvDale 

...... Scotland. 

.Isle of Man. 

.Ditto. 

.Yorkshire.. 

...... Ditto. 

... ... Close-burn, Yorkshire. 

.... ..^CloNehurn, Kendal. 

......'Closehurn. 

...... Kendal. 


Ratingen. 

Namur. 

Ratio gen, Vist. 
Ratingcu. 


Vis4. 


Ratingen. 
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Fimiil}'. Name. 

PoffthXfa* } ’ * • * NanUus Woodwardii. 

sulcutus... 

inj-ens.... 

biiuiRtiUtua ............. 

*cariniferu». 

cxcavatu., V. . . 

• marginnttui, V. 

nuodrnuu, F. .... 

Lnidii.. 

undcsciibvd. 

Ammonites strinl us. 

sphirrlci m... 

Liilni. 

uudescnbcd.. 

several new species.. 

carbimarius, u... 

Henalowi.. 


I!rihsii I .ornlili,,. 

Winsler, Yorkshire, 

Castloton. 

Ashford. 

Bristol, Yorkshire. 
Yorkshire. 

Limerick. 

Biithj-Hh'. 

West Lothian. 

A ah ford, Ireland, 

Sheffield. 

Buxton, Castleton, Craven. 

Mdldnle, C'rau’n.. 

Middleton, &c. Sheffield ., 
Ecton. 

Yorkshire and Lancashire. 


Isle of Man, Yorkshire. 


Foreign Localities. 


Liege, Warden. 
Liege. 


Ditto, Werden, Wettin. 


Geology. 
Ch. II. 


The midlusen of the carboniferous epoch are hilt 
imperfectly known, notwithstanding the labours of Sow* 
erhy, Flouring, ami others, and we can hardly venture 
to expect that the numerical relations of even the lead¬ 
ing divisions will remain unchanged, when the numerous 
additional species shall have been described. The pre¬ 
sent ratios are, gasteropoda about 55, cephalopoda 57, 
of wlgch 16 are monothalamic, which arc not very 


different from the proportions in the slate system. Above 
this epoch, monothalnmic cephalopoda disappear wholly 
until new tribe* of them are recognised above the chalk. 
It is proper (o mention that the situation which we 
assign to bellcrophon among the cephalopoda ir> not 
admitted by all Naturalists. The names of the tnollusca 
ave from Sowerby, except where other authors arc 
quoted. 


Family. 

Crustacea. 


Annul asa 
Fishes .. 


Ntuno. lli itS.ll Localities. 

, Asnphns Dalninnni, G...... 

Colymene Dorbieivsis, Mart. .... Aslifurd. 

lunatus, D..Iranst. Mansfield, Notts. 

Cancer a claw ............... Northumberland. 

Swptda rnmpressa.Lothian. 

.lcUthyodomlites ...(Mr. Lmllow,1 Bristol, Ac. 

| Bristol,Westmoreland, Northern- 

\ .1 Norland. 

Scales ..Caithness. 

Dipterus krochypygoptcrus.Ditto. 

macropygoptmis.Ditto.. 

Valenciensii.. Ditto. 

mucrulepidotuH.Ditto. 

Osteolepis miurolepidotus ...... Ditto. 

niicroh'pidotus.. Ditto. 

«-*“ >««».{ 


l ? or*ij;a Lyrtvltlif, 

Hilt ingen. 


LrKNT.nAL SuviMVItY. 

569 species of organic remains, of which G:2 are stated 
to be found in the slate system below, and 8 in tiie 
magnesian limestone alone. 

■ Teriestrinl, of which (omitting sigillaim) 
Plants .... 274 species* about 11)0 aru cryptugamous uuil 40 

l’olvparia . 30 .. 

Umlhuia *.. 25 .. 

Conchiferu 112 ., 

Molluscs ..112 ,. 

Annulosa..' 1 .. 

Crustacea. 4 .. 

Pishes .... 10 ? .. 

Saurian .. — .. 

' 569 " 

- Saliferous System. 

It has been shown that the consolidated deposit of 
coal was subject to the effects of a very general eruption 
of igneous agency front beneath, and that in this man¬ 
ner the whole arrangement of those deposits was tillered, 
and many parts of the bed of the sea uplifted to form 
dry land. In the large but very irregular area left be¬ 
tween these islands of carboniferous strata, the sea 


began to deposit limestones commonly charged with 
magnesia, sandstones remarkably coloured w ith red oxide 
of iron, and clays and marls of red, blue, and while 
colours; the whole series being, in general, fur from 
rich in organic remains, seldom traveised by metallic 
veins, and not so much dislocated by faults as the older 
strata. Salt, in beds or nodules, accompanied by gyp¬ 
sum, lies very commonly in this series of rocks, and hence 
it may be termed emphatically the saliferous system. 
Generally, its stratification is wholly unconfbrmcd to 
tlrnl of the subjacent coitl measures, on whose elevated 
edges, breaks, and dykes, its planes rest level anti un¬ 
disturbed. 

In the composition of this group we find traces of all 
the various operations of the sea; limestones crystallized, 
compact, breceinted, conglomerated, and earthy, full of 
magnesia, or containing carbonate of litne with little or 
no admixture. Locally rich in organic remains, but 
generally devoid of them; sandstones coloured red, 
blue, or white, in stripes and spots, fmc grained, coarse 
grained, or full of innumerable pebbles, derived from 
primary and secondary rock*; clay* and marls of many 
various hues; both tile sandstones and days locally 
productive of the remains of saurians, shells, and plants, 
but over large tracts wholly destitute of them. These 


Celhiliicra 17, lamellifera 13. 

Amongst these echiiiida distinctly appear. 
Flagymyona 25, mesomyuna 17, brachio- 
poda70. 

Gasteropoda55, cephalopoda 57, 
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organic remains are partly analogous to those of the 
carboniferous system, and partly to those which occur 
in the more recent oolites, anil the whole formation, 
though so peculiar in character as to he readily, and 
indeed unavoidably, separated from both those systems, 
offers by many' resemblances, besides its intermediate 
position, a natural transition from the one to the other. 

This may perhaps appear to those who only have, 
seen the saliferous system in England, where its total 
unconformity to the coal, and dissimilitude to the strata 
above and below, are matter of notoriety, a proposition 
deserving further explanation. The facts on which it 
rests will be found in the following pages, and they will 
give reason to presume that when we have assembled 
data sufficient lor satisfactory induction, those interrup¬ 
tions in fhr series which appear to indicate great anil 
suililcn revolutions will be proved to be merely local, 
ami to arise from the omission in certain situations of 
•strata elsew here deposited in great force. 

It lias already been stated that in the Island of Arran 
the primary strata ait* succeeded by a very thief series 
of red and white sandstones anil conglomerates, and 
that coal measures and carboniferous limestone lie in¬ 
cluded in this mass like subordinate or local formations. 
The conglomointes below the limestone represent the 
old >od sandstone, and the upper sandstones above the 
coal repicseut the new red sandstone tin million, and it 
might be possible to include the whole of the carboni¬ 
ferous and salilero'.is systems of rocks together under 
the name of led sandstone formation. This is tile view 
ol the subject taken by Von llollinau, from observations 
in the Nm Ill-Western part of (ierii.aiiv. wherein a mass 
three or four (housaud (eet thick ol red and white suud- 
sloni s, he the diminished strata of coal. 

N'evcithcless, these cases, though affording very in¬ 
structive inferences as to the continuity of the operations 
ol Nature, an* not to be taken as general types of the 
sciics of -.tula, and throughout the greater part of the 
Ilruish Nl.imls, as well as in the South-East of France 
anil ui (imnanv, the saliferous roil sandstone series, 
with its aiMiaipaiiying limestones ami mails, is a dis¬ 
tant system of stinta, characterised by peculiar fea¬ 
tures of minimi composition, and organic mnteiils, and 
111 .irked by a general aspect ol physical geography. 

In England, supposing all the paits ol the saliferous 
svstem ot rocks present in one section, we should have, 
reposing iiiicon'iirinahly on die coal Simla, the following 
classification, beginning liom above. 

Purpli floured m.uIs below the lias. 

Altera.iiinas ni led .inti litnish slate mavis, 
4. Series of coloured vvitli layers ai.il no lutes ot g\ |,sum. 
mails. Tina layers ot’iirgillo-Ciilcareuiis stone. 

Red ami bluish minis with gypsum anil 
fuels of rock salt. 

Red and white sandstone, mostly fine 
3. Variegated red and grained, ami often impregnated with 
white sandstone salt. 

(I'a-cihle of lluny tieiire ) I Red roil glomerate, full of pebbles of older 
rocks. 

lied and white mnrls. 

Thin bedded compart limestone, with very 
littlo magnesia and few organic re¬ 
mains. 

Red and white marls and gypsum. 

2. Magnesian limestone.' White, yellow, or reddish magnesian lime¬ 
stone m thick beds,crystallized.compact, 
or earthy, often full uf sparry cavities, 
and containing marine organic remains. 

Mart slate, in thin layers, occasionally ert- 

k closing fishes. 


1. Yellower purple sand f An *'' ,r,, m*dy variable series uf sandstones, Geology, 
and sandstone ,«ml{ “’" l cl -*vs. of rations ndo.us. ir- till. If. 

tiiHrl " u ‘ n and much local diu>r- 

Mly of ih.u.u'tcr. 

Range of the Saliferous %,/, m i„ Knglaml. 

Of the beds included in this turangeinenl, the calca¬ 
reous strata arc perhaps the least extensive, vet, as 
usually happens, they are most tegular ami continuous 
in their ranges, and most consistent m iluuactcis, and 
afford the best data for the classification of the otheis. 

By looking at Mr. Smith’s, or Mr. (iiecnough'-. liroiogi- 
cal Map of England, the extent of the laugc nt magne¬ 
sian limestone may be observed from the North side of 
the Tyne uninterruptedly to the Tees, between w Inch 
river and a place tailed Thornton Walla-, u is known 
only in a few points, though probably it exists continu¬ 
ously beneath the superficial amminlatinis ot gravel. 

From this point to Ihlboroiigh, near Nottingham, its 
course is uninterrupted. 

Below it, in a narrow, irregulatly parallel tract to the 
West, reposing on all the members of the coal formation 
indiscriminately, runs the lower series of sandstones 
and marls , above on the East through Viukshiie and 
Nottinghamshire ranges the conglomerate nil sand¬ 
stone, and u])on this lies, through Durham, Ynihshiie, 
and Nottinghamslnie, the series of upper colomed marls 
ami gypsum. 

On the Western side of the summit tidge of the t'niul-.ilaa 
North of England, the vale of the Eden is filled bv the •Ibuict. 
new red sandstone formation, cnnscting principally of 
coarse or fine-grained red sandstone, and red marl 
above, with, in one place, a remarkable series of conglo¬ 
merate, or rather brceci.ited beds at the bottom, and in 
another a distinct deposit of magnesian lime-tune. The. 
former are seen at Kirbv Stephen in the angle between 
two lines of dislocation and a (fold a very instructive 
point of comparison with an analogous deposit m So¬ 
mersetshire, Known by the name of mill-tone It has a 
basis of red sandstone almost entirely filled with angular 
fragments of different M/.es of the neighbouring lime¬ 
stone strata; it is disposed in vast uneipial buls, with 
large distant joints almost invariably ranging Ninth and 
South, lies with a dip to the East between the lines of 
two dislocations ot the catbomlernus limestones, to the 
violence accompanying which its own production was 
probably owing. It is mil in geucial magnesian, yet 
some yellow beds probably contain that substance, and 
thus we arc led to refer its pi nduetioii to the date of the 
lower parts of tile magnesian limestone. 

No further trace of beds analogous to the magnesian 
sciics of Voiksiiire and Durham occurs, in the West¬ 
ward extension of the new red sandstone group round 
the Cumbrian mountains, till we reach Whitehaven, 
where magnesian limestone and conglomeiate, lying in 
red sandstone, are sunk through in the coal pits, and 
seen in the high cliff's against the sea towards St. Dec's 
Head. From Professor Sedgwick’s examination of this 
district we learn that the section lieic pn-ented is more 
closely similar to that of Yorkshiie than wa» pievunisly 
supposed, and that the follow ing gnnips me mu/ormly 
laid upon the coal sx-tem. 

3. Vuriegitol ml ininM-me uf St lice n lte.ul. 

I ltril Ml.,: I ilia! irjl'-'i 11 - 

.Magiiexi.nl Inei xlu .c sainetiines riplm-cil liy ur 
ulteniuinig iii’ii magnesian r.niglim elite. 

Ma-.m-'U'i i unirlomirntix. uii.ilnivn'-i tei Ihwie lit 
(In vak uf ioli-u. anil wimc- pa.'-, ut Yorkshire. 

1 L 


VOt. VI. 



610 


G K OLOG Y. 


Geology. (Coarse reddish sandstone of great thickness on the 

Cli, if, | J whole unconfirmed to the coal measures, but also 

j in part unconformed to the rock* above, which 
l lie in its hollows. 

In their Northward extension beyond the Solway 
Frith to Dumfries-shirc and Galway, the red sandstone 
strata do not exhibit any traces of magnesian limestone. 
Midhind Beyond the Southern termination of that rock, near 
Counties. Nottingham, the variegated red sandstones and coloured 
marls spread themselves over the whole area between 
Leicester, Warwick, and Worcester, on the one side, and 
Shrewsbury, Chester, Liverpool, on the other, and 
extend Northwards to Manchester, Leek, and Ashbourn. 
Yet in all this immense area, except at Ardwick, near 
Manchester, and near Shrewsbury, we nowhere find 
any deposits analogous to the magnesian limestone. At 
Ardwick a limestone is dug containing, ns we have been 
informed tiy Dr. Henry, magnesia; and we may believe 
that its geological situation is similar. In tins neigh¬ 
bourhood also, as at Wnrsley collieries, we appear to 
recognise thp lower red sandstone of Yorkshire, in seve¬ 
ral places overlying the coal beds, and it is probable 
that further examination may extend these points of 
agreement. Near Shrewsbury, likewise, the coal strata 
are preceded by what appears to correspond to the 
lower red sandstone, and upon this lies a porphyritic 
magnesian conglomerate. 

S„uiin.f South of Worcester the variegated sandstones and 
Kngtanil. marls, the latter predominating, pass down the Vale of 
the Severn, fill up the winding intervals of the dislocated 
carboniferous limestone, partly cover the coal basins of 
Somersetshire, spread in the vales of the Parrel and the 
Kxe, and reach the sea at Exmouth. 

The only parts of this extensive range where mag¬ 
nesian rocks appear distinctly, is among'-1, the limestone 
and coal tracts of Somersetshire and South Gloucester¬ 
shire. Alongthe sides of Mciulip magnesian longlmnc- 
ratesof considerable rxtent separate the limestone from 
the red sandstone, and produce t lie ores of zinc; a simi¬ 
lar deposit, in similar relation to the older limestone, 
nppears along the Avon below Clifton, and at Radstoek 
and other places it is pierced in the collieries, at or near 
the bottom of the red sandstone, and receives the name 
of millstone. Conglomerates of a very singular, even 
porphyritic, character occur near Exeter, in the lower 
part of the variegated sandstone and marls, and from a 
gcneial review of the whole subject. Professor Sedg¬ 
wick classes the conglomerates of Exeter, Somersetshire, 
and Shropshire, with the lower or conglomerate portion 
of the magnesian limestone of the North of England. 
Some doubt may perhaps yet remain as to the propriety 
of including in this system the red conglomerate of 
Exeter, which is hv Mr. De la Beebe ranked with the 
mthelndlrliegendc, hut in the other points the inference 
appears certain. 

From this view of the subject which we fully adopt, it 
would appear that the difference of the saliferous system, 
in dillerent parts of England, arises rather from the 
limited continuity of the beds, than from any great varia¬ 
tion in their quality or relations. The series of the sali¬ 
ferous system is perhaps nowhere more complete than 
in the interval between the Wharfe. mid the Dun, yet 
even here several beds are deficient. The marl slate and 
conglomerate limestones are better studied in Durham, 
the upper coloured mails are better exhibited in Not¬ 
tinghamshire, and the beds of salt must be examined in 
Cheshire. 


Remark* on certain Members of the Saliferous System Geology*. 

in England. Cli. 11. 

The variegated sandstones and coloured clays of the Variegated 
British series, being destitute of organic remains, and 
subject to no very remarkable changes of character, an 
what has been said will suffice for the purpose of com¬ 
parison between them and the analogous deposits in 
other parts of Europe. But before we proceed to this 
comparison, it will be useful to describe more particularly 
the general characters of the terrace of magnesian 
limestone, and its associated strata, which occupies so 
remarkable a range in the North of England. The 
table already given will explain the relation of the 
several members of this group, and we shall at present 
confine our attention to the calcareous portions. The 
most ample details on every point will be found in 
Professor Sedgwick’s Paper in the Geological Trans¬ 
actions. 

Immediately above the lower red sandstone in the Marl slates, 
excavation Ibr the Stockton Rail-road, were found in 
ascending order, (l.) thirty feet of light-coloured, sili- 
cions sandstone in thin beds, alternating at the top with 
blue calcareous slate. (2.) Nine feet of yellow calca¬ 
reous shale and marl slate, some of the beds incoherent 
and sandy. In this marl slate about two feet above the 
sandstone were found many impressions of vegetables 
(ferns) and fishes of the genus palasithrissiim. The 
higher and more compact beds also contained products?, 
spirifcrm, and tcrebratulie. The shales or marls of this 
series are sometimes highly bituminous. (3.) Twenty 
feet of thin calcareous beds with marly partings. 

These slaty marls and limestones have a very irregu¬ 
lar extent even in Durham,stud are imperfectly traceable 
in Yorkshire. They are perhaps best exhibited at Gar- 
fortli Cliff, oil the road from Leeds to Selby, where they 
are ftill ofnxitius obscurus, and contain a species of pro¬ 
ducts not yet described. Deposits somewhat analogous 
ure described by Professor Sedgwick near Bolsover. 

Little or no magnesia is found ill this part of the 
series. 

The yellow magnesian limestone whose extreme thick- Vdlmv 
ness between the Aire and the Dun certainly exceeds 300 m.i-riiesMii 
feet, exhibits the most astonishing diversity of mechanical 
structure, without a corresponding diversity of chemical 
composition or definite geological divisions. Several va¬ 
rieties yield upon analysis carbonate of magnesia and car¬ 
bonate of lime, in the simple proportion of atom to 
atom, (for example, the building stone of Huddleston 
and Warmsivorlh,) and in almost all the proportion of 
nulg'iiesia is large. In the Southern part of its range, 
llic structure of the rock is generally crystalline, and 
the crystals (rhomboids) being small, apd ofteu tinged 
of a ieddish or yellow colour, the whole might be easily 
mistaken fi>r sandstone. On tile contrary, in the North¬ 
ern part of its range, a concretionary structure is often 
observed, and thus globular masses of carbonate of 
lime of various magnitude compose beds of stone or lie 
loose amongst a quantity of yellow, powdery, calcarco- • 
magnesian carbonate. But the variety of the appear¬ 
ances presented by this kind of structure is so great, 
that on entering a quarry near Sunderland we are 
struck by the organic aspect of the whole escarpment, 
as if it had been a reef of coral. On the coast of 
Durham bods of this structure appear associated with 
masses of brecciatcd limestone, but very irregularly, and 
under circumstances not easily explained, without sup- 
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posing the deposits to have been subject to repeated 
local and violent disturbance. 

Certain beds of this rock in Yorkshire and Derby¬ 
shire ure very compact; in Durham some are composed 
of numerous thin, incoherent layers. In several places 
North of the Dun and near Tadcaster oolitic portions 
are distinguishable. 

But by far the most plentiful of all the varieties of 
this changeable rock, especially to the North of the 
river Wharfe, is a loose earthy mass of indistinct beds, 
with hollow geodes of crystallized carbonate of lime, 
and numerous veins or strings of the same substance, 
dividing tbe rock into angular cells, and helping to hold 
it together. This character of crystallized cavities and 
sparry strings is very common to the whole formation, 
and we occasionally find oxydulated iron, sulphate of 
strontium or sulphate of barytes in these cavities. In the 
quarriesat Weldon occur layers of silicious nodules, analo¬ 
gous to the cherl lumps in limestone, in oolite, and green 
sand, and to the Hints in chalk. Veins of sulphate of ba¬ 
rytes cross the magnesian limestone in several places near 
Ferrybridge, and near Wcthcrby. Galena occurs in it at 
Mansfield and at Warmsworth near Doncaster in small 
veins, and in other places in detached crystals, as does also 
sulphuret of zinc; carbonate of copper lines some joints 
of the rock at Newton Kytne near Tadcaster, at Warms- 
worlh, and at Farnham near Kuaresborough ; muriate 
of sotla has been obtained by Mr. Holmes from the red 
beds of Mansfield, and a solitaiy lump of red rock salt 
was found in connection with it near Pontefract. 

Organic remains of rctcpnric, crinoidea, bruchiopo- 
dous bivalves, and other shells of molluscs, occur in 
this rock, in by far the greatest abundance near Sun¬ 
derland in Durham ; they are much less plentiful in the 
upper parts of the rock in Yorkshire between the Dun 
and die Wharfe; and only a few species obscurely show 
themselves ill Derbyshire and Nottinghamshire. ‘There 
is a great analogy between the organic remains in the 
magnesian limestone of Durham, and those of tbe 
older carboniferous limestone, and it especially deserves 
attention that in this rock the genus producta is seen 
for the last time as we ascend the scries of strata, 
while no ammonite has yet been found in it. 

Above the yellow magnesian limestone is a scries of 
gypseous red and white marls, fifty feet thick or more, 
and this is surmounted by the upper laminated lime¬ 
stone. 

This rock is not coextensive with the yellow lime¬ 
stone, but has a more limited range, scarcely extending 
beyond the boundaries of Yorkshire. It is most fully 
developed in the tract between Tadeustor and Tickhill, 
and may be examined advantageously at Brotherton 
and Knottingley, where enormous quantities of it are 
burned annually to lime for agricultural purposes. 

It here reaches to about fitlccn yards in thickness, aud 
is composed of a vast number of small irregular layers, 
separated more or less by partings of marl, and ob¬ 
scurely united into uneven and often undulated beds. 
The stone is nearly devoid of magnesia, its substance is 
usually compact, so as even to fit it imperfectly for the 
purpose of lithography; it is remarkably full of dry 
cracks, which have dendritical faces, and small cavities 
lined with crystallized car.bouate of lime appear in the 
thicker layers. The thickness of the layers increases 
suddenly, or the beds become more consolidated townrd 
the bottom, and in this part the crystallized cavities be¬ 
come more uumerous ami larger, the stone is less coin¬ 


G eulogy. 
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pact, holds more magnesia, and is of no value for lime. 

The prevalent colour of the stone is a smoke-grey, which 
is often disposed in spots or stripes, ami the separating "v*““ 
marls are generally light grey, but often purplish, and 
further Soutli reddish. 

Organic remains occur but very rarely, and in the 
lower beds only. They are very impeded in general, 
but appear to be of the same species as others from the 
yellow limestones of the same vicinity. 

Further North, at Nosterfield, these beds change 
their aspect considerably, so as to resemble closely some 
kinds of carboniferous limestone, a resemblance in¬ 
creased by tbe presence of producta:, and the occurrence 
of galena. About Doncaster this rock assumes u redder 
aspect, und contains some beds full ol magnesia. It is 
then said to be a hot lime, and like the product of the 
yellow limestone, is injurious if hud on the land in 
large quantity. 

The stony beds mentioned in the gcnerul classifica¬ 
tion of the saliferous system occur at a lew points about 
Gainsborough in Lincolnshire, and Tuxford iii Notting¬ 
hamshire, as we learn from Mr. Smith, who distin¬ 
guishes it by the provincial title of tvalenloiie ; and 
perhaps the hard white beds at Ncwuhani in Glouces¬ 
tershire may be referred to the same rock. Its course 
remains to be further traced, ami deserves attention as 
perhaps aft’ording a term of comparison with the mag¬ 
nesian layers described by M. Hlic de Beaumont in the 
variegated marls of Alsace. 

The following abstract of Mr. Holland’s Paper in the Rock salt. 
Geological Transaction*, vol. i., will convey a good 
notion of the situation aud mode of deposition of the 
rock suit in Cheshire. 

Cheshire unites with the Southern part of Lancashire t'h-nactjr 
and the Northern part of Shiopshire into a gio.il plain, "* , ’ 1 '' 
fifty miles long from Noitli to South, am! about twenty- ,mM 
five or thirty wide. It is bounded on the East and on the 
West, and interruptedly on the South, by carboniferous 
ranges of hills ; and tile internal area is divided by two 
ranges of rising ground into thioe minor plains, which 
serve to conduct the Dee, the Weaver, and the Mersey 
to the Irish Channel. The laiige of Delainerc Forest, 
on the West, and an undulated tract ranging nearly 
Westward to Halton and Runcorn, define the dininage 
of the Weaver, and include the most abundant sources 
of salt. Scarcely any rock salt is found except in this 
limited tract. On approaching the estuary of the 
Mersey, the ridges which bound the plain approach one 
another at two points, and suggest the idea of the in¬ 
cluded plain having been once a lake. 

The salt which lies under this plain is (bund to 
thicken, at least partially, toward the contraction of the 
valley ; it docs not, however, lie beneuth the whole sur¬ 
face of the low ground, nor indeed in one connected 
mass, but occurs in detached masses of limited area. 

The rock atilt of Northwich ranges Noitli-East and 
South-West, and its breadth is about three-quarters of 
a mile. The upper bed is thickest on the North-West, 
and thins oif toward the South-East. 


Three butts at Lawton. 

42 y arils marl, &c. 

4 lout halt. 

10 yards marl, tire. 

12 foot salt. 

15 yards marl, tfcc. 

24 yards salt. 

The upper bed has been worked through only at North- 
4 i. 2 


Two beds of salt at Northwich, &c. 
Rock Balt .. 20 to 30 yards. 

Rock salt 35 yards known. 
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Geology. wich and Lawton. No marine oxuviie occur over the 
Ch. II. salt, or in any way associated with it. The purest part 
of the salt in tin: upper bed is about three or lour yards 
above the bottom of the bed, and about four feet in 
thickness; the purest part of the lower bed is twenty 
or twenty-five yards deep iu it, and five or six yards 
thick, below which the salt becomes earthy as above. 
This is the part worked. The salt is not stratified, but 
divided into vertical prisms of various polyhedral forms, 
und different magnitudes, sometimes a yard or more 
in diameter. The sides of these prisms consist of pure 
white salt. Gypsum abounds iu the marls associated 
with the Halt, the most abundant variety being the 
fibrous kind. 

Mr. Holland supposes that what is now the salt field 
was once a salt-water lake, separated from the sea by a 
natural dam ; that the evaporation of the water caused 
the precipitation of the salt, and that it was afterwards 
covered with the laminated marls. To account for so 
much salt, he imagines that the sea might often overpass 
the dam. 

Pei haps we may say that there was here a lake of 
salt water, of which the deposit went on gradually, and 
that at intervals violent floods filling it with muddy 
matter, this was precipitated with gypsum, but without 
salt, but that afterwards the water again subsiding, salt 
fell as before. If the Hoods came in from the sea, this 
might explain the correspondence in character of these 
gypseous marls, and those which elsewhere belong to 
the Keuper era. 

Kcditin. X". y<ls. rt. In. 

XonlovH'li. • 3 u 11 Calcareous marl. 

2 *1 t fi Intimated red clay. 

it 2 1 I) "Indurated lilue clay. 

4 12 0 Argillaceous marl. 

5 0 10 "Indurated blue flay. 

l> "110 Red day with sulphite of lime irregularly in¬ 
tersecting it. 

7 1 1 0 "Indurated blue and brown clay, with graiiu of 

sulphate of lime interspersed. 

8 4 0 0 Indurated brown clay, with much sulphate of 

lime crystallized ill irregular masses. 

0 t 1 G "Indurated blue clay laminated with sulphate of 

lime. 

10 110 Argillaceous marl. 

11 10 0 Indurated brown clay laminated with sulphate 

uf lime. 

12 10 0 "Indurated blue day laminated with sulphate of 

lime. 

1.1 *1 0 0 "Indurated red and blue elay. 

I t 10 0 Indurated brown clay, with sand and sulphate 
of lime iiregularly interspersed through it. 
The fresh water (IfiO gallons per minute) finds 
its way through holes in this stratum, and has 
its level al 16 yards from the surface. 

15 12 0 Argillaceous marl. 

16 10 1) "Indurated blue clay with sand and grains of sul¬ 

phate of lime. 

17 5 0 0 Indurated brown clay with u little sulphate of 

lime. 

18 0 1 fi "Indurated blue clay with grains of sulphate of 

lime. 

19 2 10 Indurated brown clay with sulphate of lime. 

20 25 0 0 Rock Sii.t. 

21 10 1 6 Layers of indurated clay with veins of rock salt 

(occasioned by water filtering) running through 

them, 

78 1 9 

22 36 0 0 Hock Salt sunk into 35 or 36 yards. 

English Geologists have, till lately, commonly be¬ 
lieved that rock salt was the peculiar production of the 

red marl and red sundslone; but the mines ofWielitzka 


are in green sand, those in the Salzburg Alps in lime- Geology, 
stone of the oolitic period. Cb, 11. 

l$y far the larger proportion of ordinary springs, from '-‘‘"v —■' 
whatever strata they issue, yield muriate of soda, some¬ 
times in very lurge quantity, and it is important to 
know that bromine and iodine, which are stated to he 
always existent in the actual sea water, very generally 
accompany the muriatic salts in common springs. This 
is most remarkably the case with bromine. (See Phil. 

Tran*. 1830.) The rock salt of Cheshire is perhaps 
entirely devoid of bromine and iodine, though the brine 
springs of the same district are found to contain both. 

The reason of this may be that the hydrobromic and 
liytlriodic salts have not the same ratio of solubility as 
the muriate of soda. 

Saliferous Syslem of Europe. 

Wo are now at liberty to consider the characters of General 
the saliferous system as they appear in the other parts view, 
of Europe, which have been accurately examined by 
Geologists. This comparison is much facilitated by the 
mutual understanding now so general between English 
and loreign observers, and the subject is made familiar 
to our countrymen by the published inferences of Sedg¬ 
wick, Volt/, and lie Beaumont. The llhiue in its 
Northward course from Basic divides into two unequal 
parts an immense area, in which the saliferous system 
inanllt s round the primary ranges of tile Vosges, 
Scliwart/wald, Odetnvtdd, Spcs&urt, Tlmringerwnld, 
and Hnr* mountains. The natural boundaries of this 
irregular area, are. on the West, South, and South-East, 
the French, Swiss, Swabian, and Bavarian ranges of 
Jura limestone ; on the North-West, the slate formation 
of the Ardennes, Nassau, and Westphalia ; on the North 
the tertiary plains of Northern Germany. Over all this 
immense traet, the saliferous h )stem contains a calca- 
reouk stratum at present unknown in Britain, called the 
Museholkalk, a rock which, in some of its external 
characters, particularly its smoke-grey colour, and 
association with marls, bears a considerable analogy to 
the upper lu\ers of the magnesian limestone formation 
of England, but by the occasional abundance and 
general character of its organic remains is strongly as¬ 
similated to our lias. 

In several districts different portions of the sandstones Orgnnic 
and marls contain organic remains both animal and vegc- remains, 
table, which are entirely distinct from those yet known 
to belong to the older formations, but greatly resembling 
those of the lias and oolites, so that the foreign localities 
of the new red sandstone series supply us with those links 
in the chain of general Geological tacts which arc want¬ 
ing in Britain, and for want of which English Geologists 
have been accustomed to view in loo absolute a light 
tlic distinction between the carboniferous and the oolitic 
formations. On the other hand, in the greater part of 
the saliferous system on either side of the Rhine, beds 
corresponding to the magnesian limestone of England 
arc entirely unknown. It is chielly along the line of 
the South-Western face of the Thuriugcrwald, pro 
longed to the North-West as fur as Miiudcn, in the 
drainage of the Wescr, along the Southern and East¬ 
ern borders of the Harz, and on the North-West side 
of the slate formation connected with the Erzgebirge, 
in the drainage of the Elster, that the zechslcin and 
rnuehwacke represent on a greater scale the yellow 
magnesian and tipper laminated limestone of the North 
of England, 
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Geology, Salt which, as above explained, occurs in England in 
Ch. It. beds only in the variegated marls, is found in one or 
V—' other side of the Rhine in every bed of the system. 

From these remarks it is evident that there is a great 
general resemblance between the characters of the sali¬ 
ferous formation as it exists in Germany, France, and 
England ; but to make the differences equally apparent, 
it will only be necessary to lix our attention upon two 
districts in particular, viz., the A'osges mountains, 
which range to the North-East parallel to the Rhine, 
and the district in the North-East of Upper Germany, 
adjoining the Thuringerwald and the Harz mountains. 

The general succession of strata in the saliferous 
systpni round the Vosges mountains may he well seen 
on the road from Metz to Strasburgh; and the minuter 
details of the hods have been ascertained by those emi¬ 
nent Geologists, Volt/, and Elie de Beaumont; to the 
former of whom we owe the discovery of most of the 
vegetable fossils of these rocks, ami to the latter u 
valuable discussion of the relations of the formations. 

Between the bottom of the oolitic system and the top 
of the saliferous .system occurs, about Luxemburg 
especially, a peculiar sandstone, which has hardly been 
distinctly recognised in any other situation. Below 
this, in descending- order, is the following series of 
strata. 

Section <if 4. Variegated marls, Keuper of Germany, morncs 
thu Vosges, irisces of France.— Red, pale blue, greenish, &c., with 
gypsum occasionally inters!ratified, especially near the 
top, with beds of sandstone of different kinds, contain¬ 
ing plants of the families catamites, oquisctacesc, lyco- 
podiucca*. conifenc, cycadea*, <fvo., univalve and bivalve 
shells, remains of snurians and chclonida. 

In those coloured marls, above the middle, lies a 
regular bed (six to ten feet thick) of extremely compact 
magnesian, yellow limestone, without fossils, and under 
it, in several places, black schistose mails ; in this part, 
also, gypsum is especially abundant. In several situa¬ 
tions, thin bands of reddish limestone occur, alternating 
with anhydrite. 

3. Muschclkalk.—Limestone, generally compact, of 
a light grey or smoky colour, with partings of marl, 
containing peculiar cncriniles, with ammonites, plugio- 
etomata, and other shells analogous to those of the 
oolitic system, and remains of reptiles. Near Luxem¬ 
burg it is very thin, and may easily he mistaken for 
lias ; near Saverue it is much thicker, and more charac¬ 
teristic. At Rnurhnnuc les Bains it is a true magne¬ 
sian limestone. As before observed, it does not exist 
in England. 

2. Variegated red sandstone. (B mtlrr xandstein of 
Germany, gres bignrre of France )—Extremely similar 
to the new red sandstone of England. This also con¬ 
tains, locally, abundance of organic remains, both animal 
and vegetable. 

1. The strata above named rest, in some places un- 
couformahly, upon a vast thickness of red sandstone, in 
general much coarser, and more like a conglomerate 
than (he variegated red sandstone; the pebbles of quartz, 
which it contains in ahuudunce, appearing to be derived 
from the ruins of portions of the primary rocks of the 
range of the Vosges. The magnificent precipices down 
which the road descends to Suverne, among grand old 
woods and torrents, are formed by this rock, and the 
resemblance which it bears to the old red sandstone 
conglomerate of Monmouthshire, is sueh as to bins the 
English Geologist strongly in favour of that approxi¬ 


mation. In other cases, anti especially in hand sped- Ueiloey. 
mens, this rock appears to resemble the coarse red t:l, « !*• 
sandstone of Diimfncs-shirc and of Penrith Beacon, and 
as these rocks certainly overlie the carboniferous series, 
this comparison limy, perhaps, be exact. The Northern 
part of the Vosges mountains being wholly composed 
of these grit rocks, and coal beds being found at many 
points in the same vicinity, the incumbency of the red 
sandstone upon the coal is satisfactorily proved. 

The lower part of this thick arenaceous group, which 
rests upon the coal series, is usually of a friable and 
fragmentary nature, containing adiiiixliiicx of pnr- 
phyritic masses, which strongly assimilate it to the red 
sandstone conglomerate of Exeter, and the icd sand¬ 
stone, expressively so called, of the North of Germany. 

The upper part, also, gradually becomes finer grained, 
and more like the ordinary variegated red sandstone ; 
but as in several places this latter rock rests iincoii- 
forinably upon the other, we are justified in adopting 
the opinion of Volt/, and De Beaumont, that it is a por¬ 
tion of the red sandstone series, almost peculiar to the 
Vosges mountains, and may, theiclbre, lie characterised 
as the gre-i ties Vostgex. 

The Noilh-Eust of Germany gives us the following North-Kait 
section of the saliferous system. oKwr- 

5. Variegated marls (Kruper, marnex mV«s) with mall} ‘ 
gypsum, and the usual characters of the strata. 

4. The muschclkalk, much as it occurs about the 
Vosges. It admits of subdivision into two, or, perhaps, 
three parts, which, according to Hoffman, may lx* dis¬ 
tinguished by their respective tvpes of organic remains. 

3. Variegated sandstone. (Ihtiiltr sandiltin, grit 
bigarre.) 

2. Zechsteiu, or magnesian limestone formation, con¬ 
sisting of the following members: — 

<i. Rnuehwaike, usche, slinkstcm, &c. with gypsum. 

Coloured maria. 

li. Kiipfcrschiid'er and zechsteiu. 

1. Lower red sandstone, (' Ko/hrtodirliigende, sues 
rouge,) which is often associated with porphyntic 
masses like the red sandstone of Exeter. 

The following Table will show tile relations of the 
three tracts. 

' En r 'l(iutl. Fruuv. (tiMnimn. 

4. Variegated nmrla. f». Maiivs iiimVs. fiKnijier. 

4. Musclu-llviiik. 4. Miisdu-Uvalk. 

3. \urugateil sand | bij-.iri3. limiter sandsteiu. 

Mainiesinu lime-) ... 

stone. } .- ' 

1. Lower red sand- i 2. (!rf< <le» Vosges. 1 1. Kutln todlelie- 
otuiie. / 1. (ties rouge. J gende. 

A more minute analysis of the zechsteiu and magne¬ 
sian limestone series furnishes the following comparison. 

1% ligand. tetri mans. 

Upper laminated limestone. Stinkstein, Kuiid>wacki;, ,4c. 

CJyoscuus coloured marls. Coloured mails and gypsum. 

Yellow magnesian limestone. Zechxti-in. 

Marl, slate, und fishes, or lime- Kupfcrsciucfer, and (Lite* of 
stone with shells. MausMd. 

Lower red sumlstone. Uothetvdtulugemle. (L'jiperjurt.) 

C .1 for mu'iuo. 

Aud we might by a diagram express the gradual 
change from one of these types to another, putting the 
Vosges section between those of England and Ger¬ 
many. 

With respect to organic remains it may lie sufficient 
(o remark generally that they are found locally in 
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apology, abundance in till the members of the saliferous series 
Ch. II. in Germany and France, while hitherto they have 
appeared in England confined to the two lowermost 
groups. 

Salt. ll apjiears that the greater part of the salt beds of 

Germany occur in the muschelkalk, between Magdeburg 
and Osnabruek, and in the Valley of the Ncckar in 
Wfirtemhcrg. At Vic, Baden, and Lons le Saulnier, 
salt lies iu red marl, ulong the North side of the Ty¬ 
rolean nips iu red sandstone, (Alteuau, llerehlolga- 
den,) and it is possible tliat the abundant salt-works 
on both sides of the Carpathians in Transylvania and 
Moldavia may be established on this series. The salt of 
European Russia (Slrangways, in (jc.ol. Tram.) is also 
connected with the new red sandstone; but the geological 
age of the salt amongst the sands (suid to be red) of Per¬ 
sia, in India between the Indus and Chellum, iu Africa, 
New Holland, and North America, is nt present a tnat- 
terof conjecture, though in the Valley of the Mississippi 
we recognise the characters of a red sandstone deposit. 
The salt of Cordova, in Spain, and various points along 
the line of the Pyrenees, appears to lie in green sand; 
that of the Salzburg alps belongs to alpine limestone of 
the oolitic area, while in Sicily salt is found in sulphu¬ 
reous tertiary marl, and at Wielit/.ka it lies in tertiary 
strata containing a few shells. 

Circumstances attending the Origin of the Saliferous 
System. 

IU marine From the preceding statement we may confidently 

origin. decide that the whole of the strata belonging to the sali¬ 
ferous system were deposited iu the sea around the pre¬ 
viously elevated lines of older rocks. The mechanical 
aggregates of sandstone, and clays, and marls, do not 
iu general show us those exceedingly fine laminations 
and indefinitely numerous alternations of different ma¬ 
terials which mark the coal deposits, they do not abound 
in such a multitude of spoils of ihe land, nor contain 
extended layers of the reliquue of fresh water. Had he 
never known of the local accumulations of fossil plants 
iu the Ketiper and variegated sandstones of the Continent 
of Europe, the English Geologist might have consist¬ 
ently doubled whether inundations from the land had 
ever disturbed the regular operations of the sea during 
this period. To explain this irregularity of distribution 
of terrestrial plants, it may be supposed that inundations 
from the land happened only in particular places along 
the margin of that ancient sea, or it may be said that 
the inundations being general, the growth of plants was 
limited. With respect to the accumulation of the rocks 
themselves, equal difference of opinion may be indulged; 
♦or if the remarkable ubsence, from the greater part of 
the area of the saliferous sytem, of any marine exuvite 
in the mechanical aggregates might favour the notion of 
the materials being wholly derived from the land, yet the 
mere fact of the extraordinary and connected extent, the 
remarkable uniformity of character of these extensive 
deposits, even where the more anciently elevated strata 
round which they were evidently formed arc of entirely 
different nature, and their apparent independence of these 
boundaries of their surface, seem to prove either 1. that 
the materials were collected by the action of the sea 
itself; or 2. that when brought into it by other agents, 
they were for very long times exposed to its equalizing 
action. 

This long action of ihe waves upon the particles of 


the silicious and aluminous rocks and minerals which Geology, 
compose the mechanical aggregates and sedimentary ch - 
deposits of the saliferous system, is also suggested by '-“’v*""-'' 
the amazing prevalence of the colour of peroxide of 
iron, which covers as a varnish so many of the particles ; 
and it is confirmed by the discoveries of the organic 
remains, since these are of such a nature as to prove 
that during the saliferous period the whole living creation 
of the carboniferous period came to an cud, and was 
replaced by several peculiar tribes which likewise 
finished their career and yielded to the more numerous 
races which fill the oolitic rocks. 

The calcareous portion of this system presents us Prevalent 
with even more decisive evidence, from its organic re- of magae- 
inaius, of its marine origin, but the circumstances which *“* 
permitted the accumulation of the magnesian earbou- 
ates of lime are in great measure uuknown to us. 

That they were originally deposited in the same chemical 
condition us we now see them, without the subsequent 
aid of any igneous operations, is perfectly evident; and 
the occasional occurrence of pebbles and shells of the 
carboniferous system in the magnesian limestone, 
coupled with the known fact that certain beds of the 
carboniferous limestone contain a large proportion of 
magnesia, might lead us to conjecture that the one is 
derived from the ruins of the other. But, as Professor 
Sedgwick observes in discussing this subject, (Geological 
Transactions,) all the magnesian beds iu the carboni¬ 
ferous limestone would be quite insufficient for the 
purpose, and the crystalline character of the Mansfield 
and other varieties of magnesian limestone clearly nega¬ 
tives this mechanical solution. Beds rich in magnesia 
alternate with others devoid of that substance, the same 
beds arc in one tract uiagucsiuu, in another yield pure 
lime, and in general we must be content to shelter our 
ignorance under the statement that from some unknown 
cause the water?of the sea were then decomposed in 
such a way as to permit very generally the precipitation 
of united magnesian and calcareous carbonates—the 
possible circumstances of which must be intrusted to the 
examination of the Chemist. 

The salt atid gypsum usually associated in this re- Salt and 
markable system present also their difficulties. Not gypsum, 
that it is hard to suppose the waters of the ancient sea 
to have been so evaporated as to permit first the crystal¬ 
lization of sulphate of lime, and finally of muriate of 
soda. But in this case we should expect to find utmost 
uniformly over the whole area regular strata of gyp¬ 
sum below, and regular luyers of salt above, while, 
in fact, wc more commonly find salt in great broad 
musses rather than beds below, and gypsum iu scattered 
masses above. A general drying of the waters in which 
the saliferous system was deposited is plainly incon¬ 
sistent with probability; and we must have recourse to 
local causes, something analogous perhaps to those which 
influenced the deposit of primary limestone. It tnay be 
conceivable that the solubility of muriate of soda iu water 
is capable of diminution through the admixture of other 
substances in tke liquid, or through the eU'ects of great 
pressure, or of pressure and heat combined ; it may be 
maintained that the limited deposits of sail happened in 
separated lagtinesof tiie sea, exposed to local desiccation, 
as perhaps iu Cheshire. Mr. Lyeil has still u di the rent 
and less probable view of the subject. All these expla¬ 
nations assume llmt the salt was produced directly by mere 
crystallization, front waters almost perfectly analogous to 
those of the actual seas; an assumption strongly confirmed 
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Geology, by the recent discoveries connected with bromine and in particular, we must be more exactly informed of the 
Oh.II. iodine. ancient hydrography of the salt districts, which, in 

Further researches, both Chemical and Geological, almost every instance, must have been very different 
must determine between these and other theories, and from their present topographical features. 

Tabic of the Organic Remains of the Saliferous System. 

The diteriiik distinguishes such os arc ituown to occur in other systems of strata. 

1’lants. 

Locality In IVrililii- I.. ihu in Mni ne«i,.ii 

Family. Name. Locality in Rentier. Locality in Musclielkulk. SnmUtoue. l.mie,to:ie. 

Alese ..Fucoides Brardii ... . J iTioikenlieig copp. 

6 \ hl.it, •. 

selaginoides .Mniofeld, ditto. 

frumentarius.. .....Ditto. 

{tectiimtus .. Dilto 

digitatus ......Ditto. 

lycopodiuides ...Dillo. 

Cryptogamia .Equisetuin Meriaui .Neiie IV clt near Basle. 

*culumnare .....Wiirtemlx-rg .Suit bail, or Sunlit. 

. plutyndon.Frunken in Wiirtcm. 

Catamites arettaceus... Ditto..... i " a#!l1 ! alle ' ^ ,lr ' 

( nioulier. 

Mougeottii.Miiriiicmtier. 

remotus...AVavsolono. 

Pccopteris Merinui.Nolle Welt. 

•arhorescens. Near Autim. 

•uhbreviata... Diltn. 

Twnioptcris *vittata.Noue Welt, Stuttgart. 

Anoinopti-rin Mougeottii ...... Soultr, WuSH'lone. 

Ncuropteris Voltrii.Soult/.. 

elegans .Dilto. 

Gaillnrdoti.... Lunuville. 

Spliiunopteris inyriophyllum.Dilto. 

paliuoll.i.. ...... Dillo. 

Fdicites Stuttgartioisia.Stuttgart. 

lanccoWtu...Ditto. 

scolopemlrioides .Ditto. 

r ... ■ 11 .islel on uosr M.iiik 

I.ycopodites TliiMiiugliimsu.... .. I , ( j 

t’ycHiU’ o ... .Pterophyllum longifoliiiu.None Welt. 

Meri.tni. Ditto. 

•Iiogeri ...Frunken, Stuttgart. 

oiierve.None Welt. 

M.intellia ejlindriea.D.ttu. 

Various families.Convallorites ereeta ..Ditto. 

nutans.....Ditto. 

ValiPOxyris regularis ..Ditto. 

ICchiuostucliys oblongus ..... ... ...Ditto. 

/Kthnphylhun stipulnra...Ditto. 

Marantoiilea arenacc.i, Ja-ger. . Stuttgart, 

Voltxia brevifolia...Ditto. 

elrgnns... Ditto. 

rigida.......Ditto. 

acutifolia.......Ditto. 

pterophjlla ....Ditto. 

Astcropbyllites ? htilhosu... 


The following plants, which are well known in the 
coal strata, occur in the lowest red sandstone. (ltothe- 
todtcliegende.) 


.Tit’* . ;;t i tv.i il. 

and liolhenbuiff, Kvllhucuser, Miis- 


♦la’pidodendron Sternbergii.. 

♦mibricatum . 

♦Stigmima Vehhciiuiana •.. 


. .Ilinkelbeim in the Spessart. 

. . VVerderbruck neor Rothenburg. 
.. Magdeburg ? 


Ollier vegetable relics at Amrode, Seibigkerode, be- 


iwcen Friedchur; 
dorf, Kndorl. 

Tlie names in this list are taken from M lliouo;m.itl, 
who supposes the llora of the variegated sandstone 
system to be of a peculiar type It is ceitaiuly very 
analogous to that ol tile succeeding or oolilie epoch. In 
ils pterophylln and cquiseta, but die genus Volty.ia is 
perhaps peculiar to it. 


POLYPAIUA. 

>1 iinin. Locality iu Magnesian Limestone. . 

Gorgouia anceps, Goldfuss. .Glilcksbruuii in Thuringerwald. 

antiipia, G... GUickshrunn. 

infundibulifurinis. G.. Ditto. 

•Calamopora spongites, G...Ditto, (anil Ural.) 

Retejiora flimtracea, Phil.Durham. 0 

virgulucea, I*hil. ..Ditto. 

Antrim pedictilata, 1). 

The absence of polvpariu from the muschelkalk is one of the characters by which it approximates to the lias. 
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Raiharia. 


Name. Locality in Roupcr. I,ncalit\ in Mubrlielkalk. Locality in Mf jnesian Limestone. 

Ojihiura prisca, Mdn... V«»gea Mountains.,,. Baireuth. 

loricata, G. ... Scliwenmugen. 

Asterias ubtusn, U... ..Marbach. 

Kncriuus moniliformis, Mil....General in this rock. 

ramostis, Sclil...... • ■ Gliicksbrmui. 

Penturrinus dubins, G»M. ..? Kudersdorf. 

•Cyathociinus planus, Mil...... .... Durham. 


Geology 
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Annli.osa. 

fiami*, I.uciility in Mnscbriknlk. 

Serpula valvata, G...Baireuth. 

cohibrina. * 

T5y its radiarin, amongst which no eehinus is mentioned, the ttiuschelkalk resembles the lias; those radiuria 
which lie in the magnesian limestone present greater analogies to the older rocks. 

CoNCIUKEHA. 

I.nr;.lit. [n IVcililir l.wattly li. Mignc .iiu 

Nfimc. l-iifiility in Keeper. I.oeiility in Wns* tieik.ilk. SindsUinr. Liiucloiu'. 

rUjrtinjoim .Citrdium pectination, v. Alheiti Wurtemberg.Wlirtemberg. 

striatum, Schl......... .... Ditto, Gottingen. 

{ Weimar, G<ittingen,j 

tViirtcmberg, Bat-> Domphil, Soultr. 
reuth.I 

mruroxtris, Schl.Ditto, Schwenningen. Wurtemberg. 

sulcata, G.Vitlingen. 

■ t, i, f Gottingen, Morsbacli, 

pcs auseris, Sdil.{ Weillo. 

ninlisst) i dm, G.W ii rtemborg. 

lirvi^iita, (i.. .Marbach. 

Guldfussii, v. Alberti.... Ditto. 

{ Weimar, Wurtcm-1 

berg, Upper Sile-r SuWbad. 

si a, Pul and.' 

f Wiirtemburg, nearl 

elongata SScbl ..Ditto ditto . \ Wahhhut, Upper r Sulzbad. 

* Silesia, Poland ..' 

ventricosu, Sclil...\Y urteinb Luuevillc. 

. c , , ( Marbach, Upper Sile- 

moctroidos, Schl. { si „, Poland. 

rng'isa, v. Alberti ..... .................. Rottweil. 

Modiula rniimta, G.Kottweil. 

acuminata, How.........Durham. 

-Sedg.....Aberford, Durham. 

Mitilus tetiisliis, G. ) r Gottingen Wilrtem-l 

J eiluIifor.nis,Sclil. f.{ Baheuth ! *.' I ” P ’ 

? keratiipUagus, Schl...GlnrWmmn. 

? stratus, Schl.. ........ Ditto. 

W|U;i nosiis, Sow. FerrybridgeYcrkshire. 

VencricardiiiGnMfiis.i v.Alberti Rottweil. 

Suxicuva Bluiuvillii, Haul. ? 

Venus nuiln, G.. Murliach. 

-Sedg... . ....Durham. 

Mactm ? trigoua, (1...Ditto, 

Axinus obscurus, Sow.Yorkshire, Durham. 

Aitarte-? Sedg.Whitby, Nor thumb. 

Area imvrptivalvis, G.Frcudenstadt. 

tuinidii, Sow.Durham. 

CncuUrea mimitn, G.....YiUmgen. 

sulcata, Sow..... Ditto. 

An uncertain bivalve shell is found in the rothelodteliegcnde at Mansfeld. 

r Morskich,MicheIstadt 

Meaomyooa. Magiastoraa lineatum, Sclil.... Wurtemberg.I ^g'^raJth.W^ 

l mar. 

striatum, Schl....Very common, 

riguhtm, Schl...Jena. 

Ixvigatum, Sclil.Morsbacli. 

{ Gottingen, Gotha, 

Weimar, Baireuth, 

Toulon. 

-? Sedg... 


1 

I 

£ 


Ditto. 
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Family, 


l^orultlv iti Kcopcr. 


I in 1’iffili: 


Mesomyona.. Avicula socialis, Schl.,....... Sulz oil the N tricar | Sul/b.td, Dninptad. 

subcost at a, G... Ditto.Wiirtembcrg, Baircuth. 

1 1 neat a, (I.Ditto. 

crispatn, G.Fried lieUdiall. 

Bromm, v. Alberti ... Yilluigeti. 

custatd.Sulzlmd. 

gryplueoides, Sow...Durham. 

Posidonia Kcuperiaim, Volts .. Swabia, Hall, 
min lit j, v. Alberti.Itottwcil. 

0.strea ?.....Whitby. 

planmo ides, Miin.. Hail ruth. 

Hiihnnomia, M.Ditto. 

rcniforniis, M.Ditto. 

ditlonnis, Schl. \VmtemWrg. 

miiltu-ostdtii, M. .Wiir/.burj*. 

couiplieata, G.Haueuth, \ dluigen. 

deciMiK'ost.it.i, M.Baneutli. 

spoml) hmles, Schl..Veiy general. 

comta, G.Kottwvil. 

, . , f Hoiiiboniie les Built*. 

l>lt"iniiiLcliles, Schl. { I.„„,. v illc. 

Gryphira ? pnsca, (r.V lllingen. 

Fee ten reticulum*, Schl.. Gottingen, Gotlii. 

Albert 11 , G......Villingen, KudeiMlorf. 

. f \\ uiteiiibei g, liui- 

lxvigahis (,. [ riJ ,„h, 

{ \N mtembeig, Foblen, 

&c. 


dUcitos, Schl. 

Pern a vetusta, G. 

Brnchiopoila .Lingula tetmissima, Broun 
Orbicula hpeluiie.il i.i, G. 


Piirrheim. 

Unit well.K ut t well. 


Terebr.itubi communis, Bose.l 
vulg et sublet. Schl.. j 

permali*. Selil. 


Gluckbhnifin. 


{ Gottingen, iulein- 

berg, Lunevillc, 

Boiirbonno lea 
H i ms, Toulon. 

Jena. 

Midi.it.i, Schl.Ditto... ? 

orbicul.ita, Schl.Near Jena. 

crist at.i, Schl. .... Rojwcu. 

clongdtn, Sold........ScliuuTbacli. 

complauat.i, Selil....Gen. 

intermedia, Selil.....Kop-cu, Schirerlucb. 

inflata, Selil. .D lie, ditto. 

laeiinos.'i, Schl......• Ditto, ditto. 

paradn\a, Schl....* .Seluncih.iili. 

pelargoiuta, Schl..Ditto. 

.. . . f I.einisfein near 

pygm.vi. Schl.. \ Sclimalaaldi u. 

several specie.s.......Durham. 

DcUhyris, spinier, Sow.( Vdlin-nm. 

MniiieiiculariM,(». ...) . n 

trigonal is, Sow. ........Ntip*:oii. 

undul.it ns, Sow..Dm ham. 

inulfiplicjitus. Sow..Ditto. 


miimtus, Sow. 


Loptpena, or Froiluctu 
aculeata 




J>|H 
iTlial.lt. 


j i li.dilt. r, G 

1 lienn, Budingen, 

j f-.og.in .on C^neisa, 

l Diuii.iin. 

Kupscn, (aliiclvsbitum 


.speluncaria, Schl. .. 

ru-o.sa, Schl.lt ( T s ' »• 

antup iat,i, Sow...Dm hum. 

call’d, Sow.....Ditto. 

spinosa. Sow.. ..Ditto 

*loii£ispina P Sow. ... .. ..... •• Srhmerbucb. 

N.B. A species of terol)ralula P is found in the rothetodte liege nde at Mansfeld. 

The general result of an examination of the fossil conchifcra of the saliferous system, v\ that in the upper 
strata a general analogy to the oolitic era can be recognised by the trigoniie, plagiostomata, ostrea.% Ac. ; ami m 
their products and spin (era* the lower strata as distinctly claim affinity with the carboniferous limestone. 


family. 

Ilolustonuda 


VOL VI. 


Gasteropoda. 

Name. Locality in Ken per. Locality m Mubeludkalk. 

.Calyptnra diseoides, Schl. Villingeii. 

(’uimluM, or Pileopvis 1 

mitm-us, li. j. Dl,l °- 

Dcntalium torijiiatiiin, Sell!.....Glit:in"cn. 

Itvc, Selil.{ 

f . I JLuietitii. 


T/xuliiy in IVriMi" 
Sami' tmi* 


1 M 


1 ue 


* lit \ in M ■•tiem ,»i 
1.111.1'-tone 


Gea'airy. 
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Family. Name. 

Hnlostumata .Troehus ulbcrtimis, G. 

J^iMirntuin.ma .. 

Turbo ? dulmis, Mu a. 

P gigantinis, Schl. 

> . 

Turritella obsoh-U, Schl. •.... 

depenlita, G. 

(let riIn, G. 

gcalutn, Sr 1»1. 

•* ti*ri*briilis, Schl. 

Schoicn. 

undi scribed. 

Mvlaiiiu*. 

Sulenostnm.itu Burcinum turbilinum. 

groginuni, Schl. 

ant i<|i mm, G. 


Locality in Kcupor. Locality iu Mmrlielkulk. ^ ^^santMom* 
.. Hi»Uwcm1. 

j Seewangen.Riederu, 

. t near Wablshut. 

.Scwangen. 


......Weimar, Gottingen. 

...Weimur. 

.. Cu’.mbach. 

j W intern berg, liil- 
. t dersdorf. 

...Weimar .Domjitail, Sulzbad. 

.. Sulzbad. 


. \Y urteinherg, Scn- 
Sulz on the Noekar.. J wangen, Kuilers- 
I do 1 1*. 

.Kudorsdorf. 

.......Sulzbad. 


Ixw.ility In Magnesian 
Limestone. 

Durham. 


Yorkshire, Durham, 
Derbyshire. 


Yorkshire. 

Durham. 
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Cephalopoda. 


Name. 

Nautilus hidorsatua, Sold. 

nnd'jMis. M un. ... 
Ammonite * imdoMis, Schl. 
lup irlilus (Lull, 
se m ip ai tit us, Schl. 
Hhynchohtes GailLinloti il’Orb., 
luiuudo, Fauv.... 




T.ncnlify in Musehctkiilk. 

Weimar, Kiidersdorf. Gottingen. Wiirtemberg, Luneville. 
Frankon. 

Weimar, Gottingen, Wiirtemberg, Lorraine, Toulon, Tarnowitz. 
Luneville. 

Jena, Gottingen, Wiirtemberg, Luneville, Rehaimriller.s. 
Wiiiteinberg, Luneville. 


These cephalopoda are characteristic of the musclielkalk. The ammonites belong lo a section of that uu- 
mcrous uyiius, distinguished by peculiar sutuies. (See Von Buell’s lOssay on the subject of the sutures of am¬ 
monites. (Ann. ties Sri. Nat.) 

Crustacea. 

Name. Lnrnhty in Musclwlkcdk. 

PaHuuruy Suorii, l)e*un.. • •Vdlingvn, near Saai hriick. 

u 

V ERTKIUIALJ A. 


Naim-. 


r.'bei . 

r.il.i. tliiisami, Bl.dn. 

I* i l.iiTiiei'iili.iliun. Ml. 

in iiiniim, HI ...... 

iurnpulutuiui. HI... . 

lOiur.tptcnun, Unmii 

puuim. HI. 

hlennioides, Hall. . . 

« Irg.mw. 

FiiMslebiMise. HI. . .. 

Stiomateus in.ijor. HI .* 

gihhosus, HI. .. 

('b.^.r i L um-theiii, HI. 


T n» alitv in Knipor, 
Seidtiiannsdorf. Neiises, Sei- | 
diugsl.ult, near Coburg. ... ( 



Lu -llity iu Mu-i , u-lK..lk. 
H.iiremh., 


Chiet.»d.»n * ... 

Other fishes.... .. 

Twlli of S,[u.ilus It.ijn.\V iirtcmbcrg.. Wmk mherg, Kndcrsdnrf. 


Locality in M J-iii n Limcctmic. 


Alansii-ld, Dnrlium 
Ditto, ditto. 

Kutlwnhurg, near Autun. 
Thiiringen. 

Kotheuhurg, near Autun, 
Mansli-lil. 

Durham. 

M.msfeld, Hesse. 

11 ISM'. 

North of Germany. 
Kideben. 

Snefeld iu Tyrol. 
Durham. 

Sctifclil. 


Tlic'-e remains of lisltcs lie in marl or copper slate at the bottom of the zeelistein and magnesian limestone 
formation. 


Naum. Locality in Keeper, 

l’liytosnuru. rylindricodon, J»g. • Boll. 

cuhieodoii, .hog.Ditto. 

Mnstodonsaurus jmgeri, Hull.... Oaddorf. 

Ichthyosaurus Lunevillensis.Wurtemherg. 

IMcdosaurus .Dilrrheim. 

Crocodilua ..... .. 

Monitor anli.jims, Cuv... 

Lai go saurian. 

Cheluiua ..... 


Locale \ in Mnucheikulk. Locality in Maflncilnn Limestone, 


Limevillo, Wiirtemberg. 

WUrtemi*rg,Baire«tli,Uiidersdnrf. 

Uudersdorf. 

j Manafeld. Rothenburg, GlUcks- 

■ .... I brunn. 

Limeville. 

f Ditto. Tlinilloelier, and Leineck- 
t erlmrg. 
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Gr.NEH.ll. SlTMMAIIY. 


g i y 


Plants...... Marine.. 

Cryptogamia. 

Gymnuspermm, &c. 

Zoophyla ... Polypuria .. 

Huiliaria .. 

Articulosa... Aunulosa. 

Crustacea. 

Mullusca.... Conclnfera plagyinyoua . 


Fishes . 
Reptiles 


inesomyuua. 

brachiupoda . 

Gasteropoda holostomata 
soJonostonmta ... 
Cephalopoda.. 


0 ; 
23 ; 

17. 


wholly confined to the zcchstciu. 

of which six are stated to occur in other sy stems of strata. 


7 : all confined to the /erhstein group; one found in another system of strata. 

' • c,, nnned to the niusclielknlk and zuchstem; one repeated in eaihmuferous limestone, 
j | in muHchclkalk, 

.12 ; eight of these occur in England in magnesian limestone. 

3‘2; tliioo ot these occur in England in magnesian limestone. 

28; eight ot these occur to England m mageesian hiuestone. 

17 ; four ot these occur in England in magnesian limestone. 


fi. 

15 ; four occur in England in magnesian limestone. 

D. 


205 ; of which about thirty occur in England in magnesian limestone. 
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Disturbances of the Sot if rons System. 

In F.n"land dislocations of a very extensive nature 
arc but rarely exemplified in strata more recent than the 
coal measures. It appears that this part of the surface 
of the Globe enjoyed a long and rarely interrupted im¬ 
munity from those violent agencies which had previously 
shaken its strata into such distiubed positions. A lew 
faults iu the magnesian limestone range of Duihatn and 
Yorkshire, as along the line of the great vvlundyke 
through those Counties, in the country between Don 
caster and Ferrybridge, and South of Doncaster, may¬ 
be mentioned rather ns exceptions to the general rule, 
effected in some indefinite portion of the long poind 
succeeding (lie deposit of coal ; and the curious parallel 
faults of Aust elitf on the Sevi rn, which ailed both 
the lias and red marl, desene attention, in connection 
with the law formerly laid down of faults underlying 
depressed portions of stiata. (p. 511.) 

Neither on the Continent of lb trope are the dislocations 
of the saliferous system so remarkable as those ol the 
older strata. In the Vosges mountains we have, how¬ 
ever, a splendid example of a dislocation on a gieal 
scale, by which, in a direction North-Fast and South- 
West, the lower strata of this system (gifs drs Vosges) 
are thrown up into hold mountains, while the upper 
beds of the same system (muschclkidk and keuper) aie 
left several hundred feet below the magnificent escarp¬ 
ment. In fact, it appears that this eruption happened 
during tfie saliferous epoch, after the do to of the grvs 
des Vosges, and before the musclielkalk and keuper 
were deposited. 

In the South-West of Brittany, in Da Vendee, iu 
Morvau, l)e Beaumont describes dislocations which ap¬ 
pear to have preceded the lias ; and from observations on 
the Bohmervvald anil Thtiringerwald it appears that the 
elevation of these ranges of mountains followed the 
saliferous epoch, and preceded the lias and oolites. Of 
the same era are some dislocations defining the primary 
ranges near Avallou and Aulun. 

Several cases, then, appear to show unconformity aiul 
interruption of continuity between the variegated marls 
and the oolitic formation above. But these are but local 
elfeets ; parallelism of strata generally pivvails between 
these contiguous systems, indicating freedom from gene¬ 
ral disturbance, and iu some iustuuces, especially iu So¬ 
mersetshire, the frequent changes of colour in the upper 
red marls, and finally the interposition of a purple or 
black marl, which is not more related to the lias than to 
the saliferous system, appear to show thut even iu the 


nature of the deposits there is no mine decided dill’erence 
between them than between any other siiLvessions ot 
strata. 

Oolitic Kj/stiin. 

The oolitic system of strata lias fiir the most part its 
ranges parallel, and its decimations aeeoidiint to the 
saliferous rocks, and was deposited in the same maiiiie 
basins 'File general eliameler of the rocks, and the 
nature of the ot gallic remains is however extieiiicly 
dillerenl, but the change from the one sy-t.-m to the 
other, though seldom to be called giadual, i- .ufnin- 
plished by reiuarl.able repetitious. In parlieul.it. the 
musclielkalk of Gel many and France ivptcscut-, even 
in miiieralogie.il charade!--, hut most de. id.-dly in ifs 
suite ot organic exuvi.e, the ha-, wlneli is at die ha e 
of the oolitic system. Ttnough all the ni.es of die 
oolitic system, lonsistuig of various htneslonis, days, 
and sands, the most reiuaikablc repetitious oci ur. '1 lie 
mass of lias contains beds very lieaily appioa. lung to 
the ierrirginnux inleiior oolite; llnee or tom sepaiale 
beds of very similar oolite, sou r-.d beds ol sand and 
sandstone also remarkably analogous, and iimiiv thick 
strata of clay hardly distinguishable except by their 
organic reliquiae, make up this vast nrgillo-aieiineen- 
cideareoiis muss, of which the top changes, by icpeated 
inliodiietious of green sand layers, to the real cret.neons 
system, as the bottom has been before shown to be con¬ 
nected with the saliferous group. 

The composition of this system varies much in diffe¬ 
rent (bunt lies of Europe, according, probably, to the 
differences of depth of the oiiginul vvateis, proximity to 
land, to mouths of ancient rivers, &e. In onm-eqiienoe, 
while oil the herder of Swisserland it is almost wholly 
calcareous, in Westphalia and iu England its limestones 
are much intercalated with clay, and occasionally with 
carboniferous sandstones and shales, hardly to be dis¬ 
tinguished from those of the older coal strata. A re¬ 
markable absence of metallic substances is a character 
of the calcareous portions of this system (excepting lias 
lias) in all its extent. 

The most distinct classification of the oolitic system 
will lie obtained from the combined section of the Eng¬ 
lish series; for though the total tliiikness of the deposit 
is perhaps greater in the South East of I-ranee and in 
Swisscilaiul, the number of divisions is then- .'ess, the 
mass more miilorioly cab-areous, and the pints less elia- 
racl eristic. 

The oolitic system of England everywhere admits of 

4 M 2 
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UiM.Jigv. 

< h. Ji\ 


f». Wo a 1 tli* n forma*] 

tutu. 


Vj.IKT 

land ouli'p fi 
atiosi. 


Put- 

r:ri- 


3. Mi'ldlt o 

coral tun 
iu.iH i.i. 


U 


\ir 

iM.'iitr 

til'll. 


•life or [ 
Ji.i-j 

■ ! I 

t r.u.k->| 


the foil;.uinn- mode of subdivision, (hough in some 
tracts particular groups aie concealed by uiicoiilbrniily 
or entirely wanting. The groups are placed as they 
occur in nature, or the scries is descending. 

A si ties of clays, Ktnilslones. ami limrstuni’s. 

mostly uf (luviatilu origin, ami conf-iining 
n mams of laud uml ficsh-watcr animals uml 
plants, deposited in estuui k‘s t rollu-rlnf.il 
hollows* of th« really m.ii ini* junllou t>f the 
oolitic s)sli*m. 

Oalcart mis, sonu'tlinrs oolitic rocks, associated 
with green stud iiony sands, rcnlm^ on blue 
flay, altogether tnanue deposits. When the 
Wealden furin.ition is nhseut (as happens in 
the greater iminhcr of instances) this ternii- 
[ nates the whole system, and graduates ij»!<j 
the iTihicettus rocks above. 

Co isisting of oolite and other limestone stall.i, 
i.iclndcd m calcareous giifstoncs, and rest* 
on hint* clay ami calcareous gritstone; 
a! tog* flier marine deposits, 
t’.in-vistnijj of two or m <io htrata of oolite. 
With other c.dc.iitMtis heils. and alternations 
ui sands a.id rla}s, which in particular dis- 
tilets enlarge themselvei info leal coal tracts. 
Altogether m nine and littoral deposits. 
Consistiug principally of ai gillaccous clays, 
ni"re *»i h-ss laminated, and including, espe- 
n illy in the lower pait, 1.iveix and nodules of 
geiieially argillaceous limestone, and in the 
upper | ait hands and strata feiiugiuoiis, 
calcareous, and arenaceous, which slioiigly 
lesemlde the holtoin of the lower oolite foi- 
niatioii. 


Oolitic System. 

A further analysis of these formations picsonts us 
with the lolloping; details. 


11 mi/./ . A uf Th.t!. blue clay's, gem rally dev 
lltule of » rgamc remains, ejwcejt m Ceitam 
ca! Mitsui' bull, which contain fienh-water 
shells. 

Hus! in if x \un>h. Thvk seiics of sandstones, 
with paitsngs of day, and suhniduiutc heds 
of limestone, with hones of saunans, flu- 
viatilc shells, and l.iud plants. 

Vurbvx'k hf'<l a. lJlue clays ami laminated 

limestones with tl i\iatik* shells. 

| Portland no/itr. Oolite and e.iitliy and coni' 
pact limestones with marine shells, and 
layers of nodular chert. 

S'/t if over snu J. Calcareous sand and concre¬ 
tions. 

h'liiii/icndi/f'chit/. Thick blue clay, bitumi¬ 
nous, with fcptari.i ami ni.uine leui.uiis. 
and especially m the lower part, hands of 
sandy concretion^, ihus establishing a gra¬ 
dation to the next system. 


1. Lias foimat.on. 


WValden forma* 
turn of Ki ut. J 
Sussex. and 
lluuipaiiuc. 


4. 


indite 

tin malum of 
i'oitl.imt, Wilts, 
Hudis, J Jerks. 
&c. 


3. Middle J § 

oolite forma* *§ 
lion of Ox- ^ 
foul, J Jerk- 
shire, Yerk- 
fch'ir. &c. s? 

? S . 


u “2 

s* 

Jte - 

. Lower *2 Z 
oolite forma- ■“ 
lion m (dim- JJ fi 
cestershire, y i» < 
(Kioidshue, ^ 
and NoriL-^’S 
amptunshire * 

t £ 

a 5 
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Upper calcareous grit, with marine fossils. 

Coralline oolite, so named from two or three 
separate bedy of it regular occurrence, rich 
in zoophytic exuviae. In the lower part 
the bills alternate with those of the next 
rock ; all of them contain marine exuviae. 

Clay It) foot. Lower calcareous grit, with 
marine shells, graduating below into the 
Oxford clay'. 

Oxloul clay, with septaria, fossils, &c.; thu 
lower part a subordinate bed, railed 

Ktlloway rock, which is a culcnreoim grit, 
(rarely oolitic,) very ricli in fossils. 

IJhie day dividing Kellow.iy rock from the 
cornhrash. 

Cornbrusli hmestoae, a coarse, shelly rock cf 
variable and small thickness, but remark¬ 
able continuity. 

/Sand with concretions of sand* 
j stone uml nodules ol‘ fissile, aic- 
Torest J naceous limestone, 
maiblu r (*oaise shelly oolite, in some places 
K ru» t >. ] xl.tj 

I Sandy day or giit. 
mJIiu.* day. 

{ A culc«i:eons and mostly o»l 
rock, of vaiiablc thickness i 
changeable natuie, the ii[ 
beds shelly. 

*r*s f A senes of mm 
Ih < included bed 
»p. [ s indy liincstu 


I. Lias formation 
in Yuik.shue, 
Noilluiinptou- 
slnie, and Ha¬ 
im i set shire* 


A cuk'divous and mostly oolitic 
mid 
urn cr 

shelly. 

Toller's f A senes of maria and clays with 
earth < included beds id' soft marly or 
group. [ s mdy limestones and shells. 

A co.use, often very shelly rock of 
limestone, irregularly oolitic, 
T r • i occasionally iutei laminated w it lx 

i- v sand, especial I v in the lower part, 

oolite. ] 1 *. 

j r eiiiigiuoux sand w.th concretion* 

I ary iikinm s of sandy limestone 
^ and shells. 

I'pluT lias day in shale, fnllofhdeniniteK and 
other fossils, intercalated with oi graduat¬ 
ing to the sand above, uml in some cases 
containing sual’iles and l'unds of limestone. 

Mailstone. A suite of ealemeons,sandy, uml 
iiony beds, vuy rich in fossils, and inucli 
anulugouK to the lowest bed of the lower 
oolite formation. 

Lower bus day or shale, full of fossil ic- 
mains, niter],uuiuated with bands and no¬ 
dules of limestone, especially in (lie lower 
pait, wlieie a collect ion of these layers con¬ 
stitutes the lias ruck. 

Li.*s lock. A 'uitcof laminated limestones, 
with partings of clay, blue, grey, and 
white, the former in particular containing 
grj plates and other shells; the latter 
usually devoid of organic remains. This 
rock is sometimes consolidated into a united 
mass, and sometimes divided into separate 
portions. It rests on the red mail m the 
North of England, and on blue, black, or 
purple marls, which cover that formation 
in the South of England. 


Geology. 
Cli. II. 


e u" Tile lias, formation i.s observed on the Southern coast 
of ljnglaud, at l.vme lte^i*, liom whence passing - under 
the iincoiifc.im:d)le green sand of Hlaekdovvn, and .snr- 
Tounding the iriegulnr elevations of carboniferotis lime¬ 
stone in hoineisetshire, it ranges uiiiutermptedly by 
Hath, (iloucestcr, Leicester. Newark, and Gainsborough, 
to the Humber. At Ibis point the course of the oolitic 
system is very much narrowed by the overextension of 
the chalk ; and at Tlisliop Wilton the chalk rests on the 
lowest pail of the lias formation, which has a superficial 
breadth of only a few yards. It, however, expands 
again towards the North, and shows itself very com¬ 
pletely developed on tlu* coast of Yorkshire. Detached 
portions of this formation accompany the saliferous 
system ill (ilamorganshire, and lie tmcoiifonuahly in the 


hollows amongst elevated ridges of carboniferous lime¬ 
stone. 

Through the whole of this range some general physi¬ 
cal features, almost constant iniiicrnlogicid qualities, and 
prevalent species of organic reliquisc, fix such a decided 
character upon the lias formation as to establish a good 
geological horizon for the guidance of the English ob¬ 
server. 

The country which it occupies is in general a broad 
vale at the tool of the escarpments of oolite, and termi¬ 
nating towards the red marl by a very connected range 
of uniform low hills. A considerable portion of the 
steep slope of the oolite escarpments is occupied by the 
lias ; and in the Midland Counties, particularly, owing 
to the action of currents of water, detached portions of 
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Rcolniry, oolite crown tin* summits of many insulated masses of 
t _ h ~ 11 ' the upper lias shales. 

r ~ v_ * _ From the coldness and stillness of the soil, much of 
the surface of the lias clays remains in pasture, for wInch 
it is particularly well adapted ; and where the plough 
has in former times been employed, the land is thrown 
up into very high lidges lor the sake of surface drain¬ 
age. Water is scarce iu this tract, and, because of the 
abundance of pyrites, often sulphureous or ferruginous, 
or impregnated with purgative tails, as sulphate of soda. 

A general (cadency to an argillaceous type belongs 
even to the limestones of the lias formation, and its clays 
more frequently exhibit a schistose stria tore than the 
other clays of the oolitic system. .Lavers and iiias*es 
of jet arc frequent in it, especially iu the Not them | ait 
of its course; pyrites is one of its most abundant pio- 
(hictions, especially iu connection with ammonites and 
other shells, and sulphur in some parts is so picvulenl 
as to furnish a valuable maiuifaetuie of alum. Many 
fruitless trials for coal along the line of the lias class 
are upon record, to serve as a warning to those unac¬ 
quainted with Geology. 

Very remarkable organic cxuviie belong almost 
equally to every part of the English lias. Skeletons of 
sum inti and chclonian reptiles, several species of scaly 
iishes, abundance of ammonites and belcmnilcs, plagi 
^ ostomata, gryplne.'e, Ac. and consideiable quantities of 

the wood of coniferous trees, enable the Naturalist to 
form very reasonable views of the state of the ancient 
land and sea when tin's formation was in prugicss, and 
serve not only to identify it in all pails of England, lint 
even over a large part of its extent in France and Ger¬ 
many. 

Ncveitildes--, there arc impmtanl geugiaphical pecu¬ 
liarities connected with the lias of England, which de¬ 
serve a short analysis, the better to enable us to perceive 
the ciieimistaiices under which the ancient sedimentaiy 
deposits ol the sea took place. 

Lias n The section ol the lias, as it exists iu Yoikdiirc and 

Yiilix.nrc, Lincolnshire, is peculiarly instructive and complete,and 
forms an excellent typo with which to compare the de¬ 
tached portions of the formation in North ISiitaio and 
the South of England. We shall take the groups in 
the ascending older of their antiquity. 

Idas limestone. The calcareous beds included in this 
division are ill the North of England very distinctly 
divided into two or mine portions separated by consider¬ 
able thickness of clay. 

1. The lower limestone. 10 to 2(f feet thick, is not 
tinced further North than the Humber. It consists of 
compact blue or grey limestone,generally laminated and 
shelly, with partings of whitish clay or marl. It rests 
immediately upon the red marl and gypsum. 

:1. Cluv, 50 to 100 feet, with layers of nodules, often 
septariale, full of pcntaoriiiites, ammonites, pl.igiostu- 
mala, &c. 

3. Upper lias limestone, 12 to 20 fed, in rough, 
shelly, coarsely laminated beds, separated by partings of 
ilay. The colour usually brown, but in wet pits and 
before exposure to the air internally blue. Hut the 
most lemarkable character of these beds is the astonish¬ 
ing abundance of grypluca imam a which they contain, 
or rather of which they almost wholly consist. In se¬ 
veral paits of Lincolnshire the roads are mended with 
the most beautiful specimens of this fossil, and for miles 
together hardly any other shells can be collected iiom 
this part of the lias. 
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Lower lias elav or shale, 3(10 to 500 fi-et thick, a Geology, 
dark homogeneous clay or shale, with many layers of Cli. II. 
argillo-ealcaieous nodule-, seldom containing shell*, v - 
and in the lower part tough sandy beds. Conilcrous 
wood, pcntaciimlcs, plicatulie, gryplia-a Maecullocliii, 
pinna folium, and several ammonites, Ac. occur in this 
stratum, but in it organic remains ale not particularly 
abundant, and neither belemmtes, lercbialuhe, nor sau- 
rians are so plentiful as ill the beds abovo. No alum is 
made from this pal t of the lias shale. 

Mudstone series, 100 to 150 led, consisting- of highly 
arenaceous shales, and laminated sandy limestones of 
brow n, greenish, or grey colour, succeeded aln.ve by so 
viral bands of nodular ironstone, the whole series par¬ 
ticularly abundant ill shells, besides piodueing lu-aiitilul 
slellerida, animlosa, and fishes. .Several species of 
tcrebratula*. card mm truui-atum, doittulium giganteiim, 

&o. appear almost confined to these sli.ita, uliuh like¬ 
wise contain gry phase, peelmi-s, plngiostomala, terchia- 
tnlie, and modiohe, not distiugiusliahle tiom the oidmaiy 
fossils of the oolite. Tlic m.-irk-toiu- beds aie in fact the 
first term of the oolitic deposit., interpolated among the 
last teims of the In.s, and, aecmding as the clay above 
them is altemiati d or developed, they mav he i.mkeil 
with tile oolitic, or the lias liumatii n. In the Noilli of 
England, the former mode of aiiangeiiulit vuisl be 
adopted, but iu the South, the latter has hum ullui lol- 
lovvorl. 

Tile upper lias day or shale, 5(1 to 2<l(l li-d in tliak- 
ness, is tin* aluminous rock of \ inkslmc, .mil p.e.-es by 
iulcrinixtiire into the niailslone m-iii- la-loir, and bv a 
gradual change into the analogous sandy beds ol the 
oolites above. 

It contains a multitude of layers ol aigiilo-calcair-ous 
nodules mostly aggiegatod unind auiinomu-s and other 
organic bodies, and tliv-e are ( intii-ul.iil\ icniui kable 
and of lar-'.er -ize in the lower part of the shale, winch 
also is much harder than the rest \ piolii-ion ol am 
liionites, heleiimite.*', and nautili, lu-ionipaiuid by au 
(ilia-, iuoeeraim, aropliiilesmata, As-, he-uhs abumhiino 
ot r.-lithyosunri, and plesio-ami, jet, and lom.un- ol eo 
niferoiis wood, eiaicli this interi- ling* rock Its disk- 
ni-ss is vaiiahle, amouutm;- to 21Rl feet on (he eoa*l,but 
diminished to 50 leet, or even le—, iu some ol the 
Cleveland lull*-, where also the ti-ual simmlli homoge- 
iieous texture of alonuiioiis sh.de i*. changed to a decid¬ 
edly sandy composition. 

Proceeding to the Sooth, we find the diameters of the l.i 
lias formation of I oil.slnre maintained with cousi-iei- Alnl ,i-.< 
able exactness ihrongli the Comities ol Nottingham, * l ' ui,lK 
Lincoln, Leicester, and Kutlaml, into Oxfoid-lme. The 
section fiom Lincoln to Gain-boroiigll shows dearly 
the upper lias day, tnarlstone group, lower lias day, 
gryplulc limeMone, and laminated limestone, all su¬ 
perimposed on gypseous red mail. In tin* vale of 
Belvoir, likewise, through llulUind, and as lar a- I'in* 
centre of Oxlordshire. we have the lower laiinn.i'ed 
limestone (I.) surmounted by a thick day. (! ) iii w/iidi 
lie gryplutic beds peculiarly *hdly, wliidi Mr. Couy- 
bcarc calls vpp'-r litis beds, ami which com-pond to 
the gryphilic beds of Lincoln-liiie. -'"'till liiglu-r, aie 
beds of green or blow u marly .-aud-lone, with tcid/i.i- 
lula*, peeliill's, belemniti-s, ami other shells, winch aie 
always ferruginous, and, in Kutlaml pariiiul.iily, lami¬ 
nated and entirely similar to some of the maiblone 
beds of Yoik-hire. Above these, in the *:nne trait-, In: 

1(K) or ivi-u nion li-et of day, often forming- insular 
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Cii'iiWy. hills? between valleys or marlstone, and upon the whole 
the ferriiiiiuous sand of the inferior oolite. 
v "" If any ii< uhl has at any time been raised as to the 
real distinction in this country of upper lias clay, marl- 
stone, lower lias clay, and double course o( lias lime¬ 
stone. it has probably arisen from the extreme resem¬ 
blance of the terruginous marlstoncof the Vale of Belvoir 
which divides the upper from the lower lias clay to the 
feriugitions sandstone which is the general floor of the 
oolitic rocks. In Rutland, however, the distinction is 
perfectly evident. 

I.ins of the Through Oxfordshire aud Gloucestershire the upper 
Cuttswolil. .ias clay continually becomes thinner, and the tnarlslone 
beds in consequence approach nearer to the sand of the 
inferior oolite. It is no wonder, therefore, that they should 
be in these Countries sometimes confounded. But the 
section of Painswiek Hill, near Stroud, adduced by Mr. 
Conybcare, (dcology of England, p. 2.VC) sufficiently 
proves that the same principle of classification applies to 
the lias below the Colts wolds, as well as to the North-East 
moorlands of Yorkshire. In fact, by merely talcing the 
argillaceous beds which in this section separate the 
sands of the oolite from those of the marlstone, and 
calling them upper lias clay, the accordance with the 
Yorkshire section is perfectly evident. This question 
has been eflectnally settled by Mr. Lonsdale’s recent 
and most valuable investigation of the Cottswolds. That 
excellent observer has clearly established the identity of 
the lias system of Gloucestershire with that of York¬ 
shire, in general terms ; at the same time defining the 
amount of topographical difference which principally 
affects flic upper lias shale. 

In the Southern parts of Gloucestershire, aud in the 
vicinity of Bath, the upper lias clay becomes still more 
attenuated, aud the marlstone beds more divided aud 
mixed with the clay. Mr. Smith gave the name of marl- 
stone to the laminated stony beds full of pectines and 
other shells which aie Ibutid in tLe Somcisct canal and 
other places, twenty feel or less below the sand of the 
iufeiinr oolite, as may be noticed in his sections. In 
several places, these beds, from the deficiency of the clay 
above, aie brought nearly into close contact with the 
sand of the inferior oolite. 

Whether this distinction of marlstone beds can be 
carried further South into Dorsetshire, does not yet ap¬ 
pear. 

Prom Mr. Lonsdale’s Essay in the Geological Trans¬ 
actions, we find the lias limestones to be thus arranged 
in the descending order. 

Fix!. 

Blue tus. Consisting of beds of greyish aijjillaceous lime¬ 
stone. v.irjmg in tliukiiex.s from 1 to 18 inches, and 
separated l>) olliers of bine marl which uru generally 
less than b indies ilnck, but sometimes more than 2 feet 50 to 60 
\N hito has. Thin struta of yellowish white argillaceous 

lime,time, with parting, of j.itle brownish clay. 10 

Lins lower marl. JJatk grey marl with calcareous concre¬ 
tions .... 20 

Organic remains of ammonites, belcmuites, pectens, 
oysters, &e. though most ubumluut in the blue lias, are 
more or less diffused through all the beds. 

Combining the section of the North of England with 
Mr. Lonsdale’s aud Mr. de la Beetle's sections of the 
lias in the vicinity of Bath aud Lyme, we shall have 
the following general table of the complete type of the 
English lias. 

1. Upper lias clay, marl, or shale. .Upper lias shale (Phillips.) 

2. Mai 1stuiie beds. 


„ ... , (Upper lias marl. (Lousdale.) Geulogy. 

3. Middle hue clay ..j Lower lias shale. (Phillips.) Ch. If. 


ftirypbitic and laminated lias of 

4. Lias limestones and marls North of England. 

(Blue aud white lias of Bath. 

5. Lower lius marls.. .Of Lyme Regis and Bath. 


These lower marls are thus described by De la Beche, 
at Culverhole, near Lyme, (section descending.) 

ft. In. 


Dark marl. 3 0 

Earthy dark grey limestone. 0 10 

Dark grey slaty marl. 5 0 

Irregular light grey limestoue. 0 10 

Dark slaty marl. 1 4 

Uninpact grey limestone. 0 10 

Dark slaty mail, which rests on the light bluish green beds 
belonging to the upper port of the new red sandstone 
system. 7 0 


Total... IS 10 


Mr. Murchison’s Memoirs oil the Oolitic Deposits of Lias in 
North Britain, most clearly prove the existence of well- North Bri- 
cluiracleriscd lias shales, much like those of the York- tllln ‘ 
shire coast, in l’abba, Skye, aud other of the Western 
Isles, aud the organic remains which he collected there 
are of ttic usual English types. I.ias occurs also on 
the North-East coast of Ireland, us at the Giant’s 
Causeway, with ammonites and hclenmitcs. 

The lias in South Wales is a singular extension of 
the formation among the dislocations of tile older carbo¬ 
niferous system, nearly analogous to its nppeaiance 
among the sandstones aud slates of Scotland. The 
Valley of the Ely, in .‘south Glamorganshire, exhibits 
several uplillmgs ol lias, commencing about live miles 
West of Landalf, whence, with some intern options, they 
accompany the Ely to its junction with the Channel 
near Penarth Point. It again appeals in Barry Island, 
and continues to skill the const in a Westerly direction 
nearly to the month of the Ogmorc liver, forming a 
range of bold dill’s, among winili is the little harbour of 
Abeilhaw, celebrated lor the lime which it exports. 
(Conyticaie, (ieahgy of England.) 

We may now turn our attention to the general types Lias in 
of lias presented in the Norlh and Soulh-Easlof France, Frame and 
anil in various parts of Germany. Gcuuany. 

As m England, so genet ally in these Countries, the 
lias is deposited conformably to the saliferous system, 
but in Brittany and around the plateau of primary rocks 
in central Prance, especially about Aufun, the oolitic 
system often touches the granitic series without any 
interposition of red sandstones. lu the district which 
borders 1 hat plateau on the East, between Chalons and 
Autun, the oolitic rocks are considerably developed 
with has at the bottom, and all based upon gypseous 
red inurl; but the has clays arc here hi most wholly de¬ 
ficient, and the formation consists only of the gryphitic 
limestone, with its partings of clay. The abundance 
of grvphiea ineuvva, and other characters of the stone, 
strongly remind the traveller of the analogous beds in 
Lincolnshire. The lias and oolites ure so closely allied 
that Desnoyers, in his description of this tract, hesitates 
even to distinguish the former as a fourth stage of the 
calcareous or oolitic system. 

South of the Ardennes mountains by Luxemburg, 

Metz, and Nancy, the lias exhibits more developed 
characters. Immediately upon the Keuper marls rests 
a considerable bed of sandstone, white, ye low, or rarely 
brown, sometimes solid, and sometimes (liable; gra¬ 
dually passing into the lias beds above. Prom its 
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Geology, abundance under and around the fortress of Luxem- 
Ch.ll. burg, it receives in that Couutry the name of gre* (lc 
Luxemburg. 

The proper gryphitic lias limestones succeed arid cap 
most of the plateaux of grit. The beds are bluish 
and compact, and alternate with grey friable marls. 

Abo\e are grey marls and marly grits, which cor¬ 
respond to the lias clays and marlstoue of England ; 
and these are followed by the ferruginous sandstones 
which form the general floor of the oolitic system. 

J» YVnrtemberg, and, perhaps, generally on the Ger¬ 
man side of the lthine, the lias has more of the cha¬ 
racter of the English series both as to minernlogieal 
composition and organic remains. In particular, the 
saurian rclir|iiiic, so abundant in the lias clays of 
England, are all found in those of Boll and other parts 
of VVuiteinberg, and with some additional species have 
been described by M. Jiiger, of Stuttgart. Fine spe¬ 
cimens of saurian animals occur in many of the mu¬ 
seums along the Rhine. But, perhaps, the most 
remarkable accordance between the series of Germany 
and that of England, is observed at Bauz near Coburg, 
where the Maine crosses the Northern extremity of the 
Franconian range of oolites. Here Mr. Murchison has 


observed the following section. 

Sandstone cap ol* the lias. 300 feet thick. 

Tipper lias shale of Yorkshire. 40 

Marls and mudstones. 100 

Lower 1ms shale, with compact lias and am 

minutes Hawkcrcnsis, near the top . 300 

Gryplnte limeslono.. 

(■uistone.. 

Kcnper formation. 


At this place the most, astonishing profusion of 
saurians, fishes, Crustacea, ammonites, nautili, and be- 
lemniles, as well as pentacrini, gryphites, and other 
fossils, occur, and many of them remarkably agree tts to 
their place in the strata with the arrangement of the 
same species in the beds of the coast ot Yorkshire. 

Idas shales occur below the Alpine or Jura limestone 
of Kwisserland and Savoy, and occasionally, as utMey- 
ringen, Bex, the Mont John, produce some of the cha¬ 
racteristic ammonites and belemmtes of the English 
lias. In the Valley of the Arse, in particular, the ar¬ 
gillaceous beds of lias arc immensely thick, and owing 
to the igneous agency, once so powerfully excited be¬ 
neath tile Alps, have a schistose character strongly assi¬ 
milating them to the primary slates. Whether the 
slates of the Valorsine belong to the same era is, per¬ 
haps, not yet ascertained ; but if this should he proved, 
the vegetable remains which they contain, being identical 
with those of the carboniferous epoch, would indicate 
that these regions enjoyed a particular immunity from 
the causes which, in all other instances yet examined, 
had wholly destroyed the plants which grew in the car¬ 
boniferous epoch, and covered the earth with cycudeu) 
and other entirely new types of vegetable life. 

Lower Oolite Formation. 

The uninterrupted range of this formation through 
Dorset, Somerset, Gloucestershire, Oxon, Northampton¬ 
shire, Rutland, and Lincoln, to the hanks of the Humber, 
may be seen on the Maps of Mr. Smith or Mr. Greenoiigh. 
Beyond the Humber it is concealed for a short distance 
beneath the overlying chalk, but emerges again, and oc¬ 
cupies a vast breadth in the Eastern part of Yorkshire, 
lit Sutherland, and in some of the Hebrides, and particu¬ 
larly in Skye, it has been traced by Mr. Murchison. 


It occupies, tluongh all its course ill England, an Geology, 
elevated range of lulls with hold escarpments to thu Ch. II. 
West or North-West, a gentle slope to the East or s— 
South-East, and deep valleys of denudation which often, 
by descending to the lias clays, furnish most complete 
information as to the relations of the two formations. 

The surface of the calcareous portions is dry and hare 
of trees, and wells sunk therein olten reach a very con¬ 
siderable depth, while upon the alternating clays the 
soil is cold or wet, and, in general, much covered by 
woods. The fertility of the district is below the average 
of the secondary strata. The highest point of the range 
in the South of England is C'leeve Pipnrrf Hill, near 
Cheltenham, 1134 feet above the sea. and in She North 
of England, Bolton Head, near higlehy in Yoiksliire, 

I4S5 feet; hut in these eases about two-thirds of the 
height consists of the lias clays. 

The more ordinary altitudes of the oolitic range in 
England are 700, SOO, and 900 feet, varying’ according 
to the Westward extension of the hill, the thickness of 
the base of lias, and the pile of incumbent stiata. 

Certainly, this regular and coniimious inline of Escarp- 
oolites, with so neaily uniform an elevation of escarp- ol 

menl, is one of the most characteristic features of" 11 ' 
English Geology, ami furnishes matter for profound 
reflection. For like tile parallel, equally continuous 
and regular, and but slightly lower lange of chalk, its 
elevation seems not at all due to local distm bailees, hut 
rather appears to indicate a general iiiriiinc'-ccnrc of 
the land ill the direction of these ranges, 'flic low vales 
of lias, Oxford clay, and Kimmeridge clav, which inter¬ 
vene between the lower, middle, and superior oolite 
ranges, have undoubtedly been caused, at least in part, by 
the erosive action of water; hut to whatever extent we 
apply this principle in explaining the pic-enl inequality 
of the earth’s surface, and whatever aid we receive for 
the established data of local elevation, llic-e limited 
agencies always leave unexplained the general fail, nz , 
the regular altitude of continuous ranges of lulls u it h 
uniformly declining planes, and no particular inaiKs of 
convulsion, which overlook extensive undisturbed plains 
of older strata. 

The vicinity of Bath, where Mr. Smith began his 
important researches, furnishes the general type ot the 
lower oolite foimation; and, with some motlilieali.ui-, 
tile series of strata here presented, ns detailed by Mr. 

Smith and Mr. Lonsdale, is found to lie almost mover 
sally reconcilable with the phenomena of the other oolitic 
districts. The v.u intions observed are principally caused 
by tile interpolations of a larger proportion of uiena- 
ceous, argillaceous, and carbonaceous beds, so as in ex¬ 
treme eases to change the calcareous section of Bath 
into a coal field, with subordinate beds of limestone. 

Such is especially the case in the Eastern mom lauds 
of Yorkshire, at Brora in the Hebrides, and in the 
gorge of the Weser at Mindcu, as observed by Mr. 
Murchison. 

The table of classification given above, will make 
known the order of succession of groups recognised in 
this formation, and wc shall now proceed to point out 
their characters and notice their variations more 
exactly. 

The Sand which is the base of the iuferioi oolite group Inferior 
in the vicinity of Bath, possesses, in general, only a »«>'<« 
slight degree of cohesiveness, but in places passes into a K r,m [>- 
friable sandstone, ft is micaceous, of a yellow colum, 
and contains iircgular roiir-es of calcareous eoueietions 
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Geology, called sand burrs. These nodules are often aggregated 
till. 11. round ammonites and other organic bodies. The thick- 
——ness of this bed sometimes amounts to 70 feet. 

The inferior oolite varies in thickness, in some places 
being 00 feet, in others considerably less. The rock, 
according to Lonsdale, admits of being characterised in 
three portions, the lower one 6 feet, hard, of a brown 
colour, abounds in casts of trigonim, limic, trochi, &c., 
end is seen in many sections reposing immediately on 
the sand. The coated muscles, as they arc termed, are 
foil ml in this bed, and the bed which in the descending 
quarries yields so immense an abundance of species is 
apparently of the same date. The middle division, 10 feet, 
is a rubbly stone ; principally consisting of crystallized 
carbonate of lime, through which the organization of 
astreic may be clearly traced. It is, therefore, a coral 
bed, and as might 1)0 supposed is of irregular occur¬ 
rence. 

The upper portion of the rocl>, 40 to 50 feet at the 
utmost, contains the workable freestone or oolite of this 
rook, the upper part, in particular, cannot he distin¬ 
gue bed in specimens from the great oolite above. The 
lower beds are more sandy, browner, and less oolitic. 

The fnilri’s The fuller’s earth group, so named from the occurrence 
eaitli ipo'ip. i,j it oflimited beds of that substance, is a thick argilla¬ 
ceous deposit with a few layers of nodular limestone and 
indurated marl, Declining on the hill sides of Hath, 
and distinctly separating the inferior from the great 
oolite. The following is Mr. Lonsdale's summary of 
these beds. 

Feet. 

t. Him* nml yellow elay with nmlules of indurated marl 30 to 40 
.'I. Hail fuller's eoith... a to 5 

(ainul fuller’s enth, brown or blue. tit to 3 

I. Cl ly contaiuiu;' beds of had fuller's earth and layers 
of nmlular limestone (fuller’s earth rock) and 
indurated mail. 100 

Tlu* *reat The great oolite rock contains, besides the more per- 
oolderock. fcelly oolitic parts, which hold few shells and furnish the 
best freestone, a great number of beds, in which the 
oolitic structure is less evident or oven wanting, and 
which are more or less filled with remains of shells, 
corallines, &e. Tiles.* coarser portions of the rock lie at 
the top and bottom, and enclose the purer oolite between 
them. 

'flu* lower rags consist of several beds of coarse 
shelly limestones 10 to 40 loot ; the lowest bed of it 
which rests on the fuller’s earth group is fine-grained 
and scarcely oolitic. 

The oolitic beds in the middle are very variable 
in thickness and quality. On Combe Down the 
thickness sometimes amounts to 3U feet. The stone 
when taken from the quarry is quite soft, and holds so 
much water as to be beaten to a pulp hy the hammer. 
After lining thoroughly dried it will absorb more than 
one-seventh of its weight of water, hut hy long expo¬ 
sure it grows harder and less absorbent. It will not 
stand the sea air, though in the neighbourhood of the 
quarries it is very durable. 

The upper rags, 20 to 53 feet, consist of alternating 
beds of coarse shelly limestones, tolerably fine oolite 
sand, tough, brown, argillaceous limestone. The shelly 
beds were used by the Homans in their buildings at 
Hath, and are thought to be very durable, hut arc ditfi- 
cult to work. Some of these beds arc full of inillc- 
1 Hires and other polyparia and species of echini, and a 
profusion of minute univalve and bivalve shells. They 
often exhibit that peculiarity of internal lamination called 


false bedding, when the ingredients of the stone form 
layers inclined to the plane of stratification. 

The forest marble group admits of the following sub¬ 
division in a descending order: 


6. Clay with occasional lamina* of grit. 

And at Norton St. Philip a layer of rubbly indu¬ 
rated mail abounds with fragments of a small 
oyster and terehrafula. 

5. Sand and nodules, or beds of calcareous gritstono .. 
The sand is reddish-yellow or white, pure or mixed 
with clay, ur lime. The gritstone, usually of a 
brown hot sometimes of a (due colour, exists in 
spheroidal masses which have a laminated struc¬ 
ture parallel to the stratification, and occasion¬ 
ally call be split into (lags. 

The fracture otlen shows shilling facets of inter¬ 
posed carbonate of lime. Organic remains are 
generally rare in these beds, sometimes particu¬ 
larly abundant. 

4. Clay with thin stalls of stone and lamina* of grit .. 

3. tlonrse oolite, or shelly limestone (forest marble) 
full of fragments of wood mid shells, especially 
ostreie and plngiostoinntn, hones, teeth, tie. The 
majority of tlu* beds have a fissile structure, 
and enu often he split into thin (tags, or tiles, 
oblupio to tlu* plane of stratification. 

Thin partings of clay generally divide the beds. 

2. Sand, or sandy clay and grit . 

1. Pule blue or grey clay, enclosing thin slabs of tough 
brownish limestone and l.miiun* of calcareous 
sandstone or grit. Thickness variable. 


Feet. 

15 


40 


U 


10 


5 to 40 
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The cornlmish consists of numerous rubbly beds of The corn- 
course limestone, mixed with clay, altogether 10 to 15 brash, 
feet thick. The beds or rather nodules are extremely 
irregular, and of different colours, but they arc pretty 
uniformly composed of lough granular limestone, and 
abound with terehratuhe, avicula euhinata, isoeardia, am- 
phidesnrita, &<•. 

In tracing the lower oolite formation to the South 
from the Hath district, the inferior oolite is found to be¬ 
come more ferruginous, (Sherborne,) and with its sub¬ 
jacent sand to cap the lias as far as Hridport, but the 
great oolite soon “ thins out,” while the forest marble 
group thickens and becomes predominant. The corn- 
brash retains its usual characters and fossils. 

In the district lying North of the Humber the lower 
oolitic system assumes entirely new characters which 
will require separate consideration. The beds seen in 
tlu* imperfect exhibition of these oolites near Cave, 
where they divide the lias from the Ox lord clay, are, 
the sand of the inferior oolite covered by shelly and 
oolitic beds, a continuation of the oolite of Lincoln¬ 
shire, and above them a thin bed of pale blue clay. 

They are here much diminished in thickness, and, though 
burnt to liine, somewhat debased in purity. On the 
huuks of the Derwent, the lias is surmounted by the 
same simple series, with the addition of beds of calcn- 
rcous flagstone above. Further along the range, at 
Brandsby and Wigaulhorpe, the series is expanded by 0 ^Ip" 0 f 
the interposition of beds of sandstone anil shale, with a Yorkshire, 
thin band of coal between the saiul which caps the lias, 
and the shelly limestone which here represents the oolite 
of Lincolnshire. Above the limestone runs a band of 
pale blue clay ; and upon this rests n succession of beds 
of sand and sandstone, enclosing spheroidal concretions 
of calcareous sandstone with glistening facets, often 
b ne in the centre and full of shells, some of which re¬ 
semble those of Stonesfiekl. Beds of sandstone, shale, 
land carbonaceous matter are also interpolated above 
this slaty rock. The oolite here is hardly deserving of 
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Geology. that name from its lithological character, for though this 
t-h. II. appearance sometimes presents itself, the greater part of 
* the stone is a coarse, granular, shelly limestone, with 
imbedded shells, &c. It is, in fact, the oolite of Cave 
still more degenerated. The series of sandstones and 
shales with coal which here overlies the sandstone cap 
of the lias, has been supposed analogous in position to 
the fuller's earth group of Hath, (the similar series 
which overlies the limestone beds corresponds to the 
interval between great oolite and enrnbrash,) and as we 
proceed Northwards both series increase immensely in 
thickness, so that the lower one reaches 500 feet, and 
the upper one 200; and as, from local circumstances, the 
coal, though never more than 16 inches thick, is worth 
working, these moorlands assume the appearance ofatrue 
coal field, with subordinate beds of very coarse shelly 
limestone. It requires, indeed, very close observation 
to trace the thin limestone beds across these vast moors, 
and amidst such a number of sandstone beds. They 
arc best studied oil the coast. The sandstone upon the 
lias is here a variable rock ofien coarse and fragmentary, 
sometimes with the characters of ordinary sandstone, 
but generally subcalcareuus, ochraceous, and full of 
shells and casts. At Blue Wick, near llobiu Hood's 
Bay, it presents a double band of fossil-bearing beds, 
the lower one gradually passing to the subjacent lias. 
The limestone appears with different aspects at dif¬ 
ferent points. Under Gristhorp clitfs it recalls prelly 
exactly the oolite of Cave, but at Scarborough, ('lough- 
ton, Ilawsker, Sncaton, &c., it is a very different rock, 
coarse, fragmentary, and mixed with veins of earthy and 
argillaceous oolite, so as to be scarcely fit to be burned 
to lime. In the Staiutoudulc dills it is a double baud ; 
at Whilenab it is covered by calcareous sandstone slate, 
in which glistening facets, like those in the stone of 
Brandsby and Wittering, occur. Only one scam of coal 
is worked in the district, and it lies beneath the Ihne- 
stnne. The enrnbrash appears oil the coast, also, in a 
debased but recognisable Ibrm. The fossil plants 
which accompany the coal scains and sandstones, may 
also be detected in the limestones and calrareous slates 
both on the coast and at Brandsby; and it is worthy of 
particular attention, that both at Collyweston and at 
Sloncsfidd, several of these plants occur in the slate, as 
hracliyphylla, ferns, and ejeadites. No marine rxiivire 
have yet been found in these coal grits or shales, but 
some bivalves resembling anodon, which perhaps were 
swept down with the ferns, eipiiseta and cycadea.', are 
found at Gristhorp. In several places, a particular part 
of the section of lower carUmiferoiis sandstones, exhi¬ 
bits the remarkable phenomenon of cquisclu standing 
ii regularly erect over considerable areas in a bed of 
sandstone which rests upon shale. 

This is, therefore, truly a coal field of the oolitic era, 
produced by the inlet position of vast quantities of sedi¬ 
mentary deposits brought down by floods from the land, 
between the more exclusively marine strata of the ordi¬ 
nary oolitic type. We may believe this to be a case of 
littoral deposit of oolite, and should naturally derive 
from that supposition, the debasement of quality and 
attenuation of thickness of the shelly limestones, in pro¬ 
portion as the spoils of the land brought down into the 
sea were more abundant. Whatever the causes were 
which produced these effects, they were not entirely 
local. The Yorkshire oolitic district is indeed the only 
tract yet investigated in England which exhibits these 
ctrccls in a striking manner; hut attentive consideration 
VOL. vi. 


of the phenomena presented by the rag beds of oolite 
and coarse shelly beds of forest marble near Bath, and 
still more the wavy surface and vegetable fossils of 
some kinds of the sandstone slate of Bidge, Ntoneslield, 
and Collyweston, will lead to the conclusion that these 
portions of the oolitic formation were deposited within 
the influence of the littoral agitation of the sea. (Mr. 
Scropc lias presented a notice of this subject to tile Geo¬ 
logical Society.) 

Another fact is important. The extensive additions of 
terrestrial plants and sediment are confined to the inti r- 
vals between the sand which is the base, and the corn- 
brash which is the cap of the lower oolite formation. 

Mr. Murchison’s examination of Brora and other ].„ 
points in Sutherland, ami of the Western const ofm-’ 
.Scotland, lias proved the extension of the eaibonilemu-. Sl 
system of the Yorkshire oolites into these Not them 
regions, and it is interesting to observe that there, as 
well as in Yorkshire, the interpolations occupy the 
same limited space in the section. 

The following short summary of the beds in these 
Countries will prove this point:— 


Section of lirora. 

Middle nolite formation 1 , .. . „ , , , 

consisting of .f ( S rit an<l 0xC,rJ 

Shelly Itnu'fltoiieH represouling cm:i- 
branh mill foreht marble. 

Alternations of samlstoius, shales, anil 
ironstones with {'hints*. 

Ferruginous limestones Mue in (lie in¬ 
terior, with fragment* of c.ti bon ml 
wood und abundance of shells. 
Sandstones and shales of great thick¬ 
ness in frequent alternations with 
plants, having 1/1 the upper putt two 
beds of coal, of which the upper 
one is .'1 tt. 8 in. thick, the lov.er 
one, not worked, l ft. 4 in. 

Lias formation with fossils of the Yorkshire lias. 


Lower oolite foi mation. 
consisting of. 


North-East Coast, Isle of S/,-ye. 

Sandstone series. 

Shelly limestone. 

Sandstones and slmles of great thickness, with obscuic impress!.,ns 
of plants and abundance of carbonaceous matter. 

C’.ilcifcrous sandstone beds, with small nodules of indur itod lime, 
stone grit, with fossils and thin lajeis of shale with beleio¬ 
nites. 

Muc shale (Upper lias shale of the Yorkshire coast) with small 
blue calcareous concretions, Iclemnifes, \e. 

Sandstone with concretionary nodules and fossils of the inarlstore 
series. 

Lias shale .—G cu/oyinif T$ answlwns, /Vt w Senes. 

The same (Jecdogist has found a considerable ana¬ 
logy to these phenomena in the section presented by the 
gorge of the NY user, where that river escapes through 
the Porta Westplialiea into the plains of Northern CJer- 
matiy. Now unlike to the general type of the oolitic 
formation of the German and Swiss Jura ! 

Having thus produced the two most contrasted Ijpes L. 
vet discovered of the lower oolite formation, and bv °''' 
their comparison put a severe check upon the doeliine j. 
of universal formations (if such was ever entertained ) 
among the secondary strata, it will be useful to stale the 
leading features of this formation in the intermediate 
parts of its range in England, and thus to ascertain the 
parts which vary, and the method of their variation. 

To do this with entire satisfaction is not easy, and in¬ 
deed requires move data, ycl the curious (act of the 


land. 
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continuity of the cornbrash above, and of the lower 
oolite saiul below, from one end of England to the 
other, by furnishing every where exact limits to the 
formation, very much abridges the inquiry ami dimi¬ 
nishes the chances of error. In the long range from 
the coast of Dorsetshire to the coast of Whitby, the cha¬ 
racter ot the lower sand varies, yet not so nnich as is 
common to sandstones, the principal dillbreiice consist¬ 
ing in the colour which is occasioned by the degree of 
oxidation of the iron. Through Oxfordshire, Rutland, 
Lincoln, and the Southern part of Yorkshire, it is a vt-iy 
dark brown ferruginous rock, whence it is often called 
11 gingerbread stone,” frequently enclosing shelly con¬ 
cretions, (Danbury,) occasionally enveloping bedsol lime¬ 
stone, and sometimes (Northampton, Rockingham)inter- 
laminated by white beds of oolite. The quantity of 
oxide of iron is sometimes so considerable as to divide 
the mass of the rock into a multitude of ocliraceous 
cells or “ iron boxes.” In some places, especially in 
Lincolnshire, it consists of an alternating scries of white 
and brown sand. 

With respect to the cornbrash it is sufficient to say, 
that though so unimportant a rock in other respects, it 
is probably more continuous, and more unilbnn in its 
character Irom Dorsetshire to the Humber, as may be 
seen in Mr. Smith's Maps, than any other member of 
the lower oolitic formation except the sand of the infe¬ 
rior oolite. 

Lincolnshire presents the following section" of this 
formation: (observations made in 1 Stilt) 

Coruhriiih full uf its usual fossils. 

Clay thin. 

Thin shelly beds in one /uuahiy, somewhat resembling the blue 
beds of Farley near Bath. 

A considerable thickness of clay ground, presumed by Mr. Smith 
to inelmle the forest marble system of Wiltshire. 

Sandy laminated stone, in a few localities South of Lincoln. 

Thick, apparently undiv ided, oolitic rock, very productive uf orga¬ 
nic remains, with pulypiferous beds on the top. 

In the upper pints of this rock, false bedding is frequent, coarse 
shelly rags abound, good oolite is dug ut Amiisler. This is 
undoubtedly the same rock as that of Cave in Yorkshire, and 
it is continuous with the same general character as far us 
Grantham, between which place and Stamford there appears 
to he some change. 

Inferior oolite saud. 

Between Stamford and Peterborough the series was 
recorded thus: (lh:2l :) 

Cornbrash Rag beds of llarnack. 

Clay of some thickness. Stamford oolites, and 

Sandy laminated beds at Pilsgate, Inferior oolite sand. 

Interval not known. 

On the line from Wandsford, through Weldon to 
Rockingham: (1821:) 

Cornbrash very distinct. 

Clay of some thickness, nothing else observed. 

Weldon oolite or rag, the same as the Barmiek rag. 

lntrrv.il, presumed to be clay, under some breadth of Rocking¬ 
ham forest 

, Brown sand of Rockingham Hill, with iiiterlominatcd white 
limestones. 


oolite and compact limestone, and presented to Mr* 
Murchison and tlie author the following detailed section. 


T.uc.il N.iiiil’K. 

Ft. In. 

Kill) Mo. 

4 0 

Cate . 

4 0 

Bedding sand ., 

”{ 

Broad . 

4 0 | 

Liinoituiie .... 

IC { 

Hcfch. 

1 3 

Slate..... .2 to 

4 OJ 

Fine sand .... 

i 


Deseilpltun. 

Imjicrfectly brildrd oolite. 

Irregular and hruk. u beds of oolite. 

Flue yellow sand indurated at top and 
at bottom into concretionary and 
slaty layers. 

Brown hard oolite graduating upwards 
to the sandy layers above. Thin beds, 
not burnt to lime. 

Haid, compact, not oolitic, containing 
br.ichypliyllum, ferns, nud trigo- 
nellites. 

Irregular sandstone. 

Masses irregularly spheroidal Battened, 
very fissile, in general calcareous grit 
lint at all online, but shelly, with lit¬ 
toral nud terrestrial plants. 

Of a yellowish colour. 


The slate is quarried only in Winter, fur if dried by 
the Summer Sun and wind, it hardens and will not 
split. The holes are blocked up in Spring, ami the 
quarrytnen only employed in preparation of slate. It 
is, in general, very equally laminated. The splitting is 
caused by organic exuvite. 

The Stonesfield slates near Oxford have been almost 
universally esteemed of the same age as these Colly- 
westou rocks. 

At Stonesfield two beds of concretionary masses, 
capable of being easily (with the assistance of frost) 
split into slate parallel to the stratification, compose with 
sand and fr.alilc sandstones a group 5 or 6 feet thick, 
under 50 feet of alternations of laminated shelly < olite 
and thin blue clay. The following is Dr. Fitton’s 
account of the section. ( Xool. Journal, vol. lii.) 


32 feet. 


Ruhbly limestone. 

Cl-iy with terebratidites. | 

Limestone. 

Blue clay. 

Oolite. 

Blue clay. 

" Rag,’’ consisting of shelly oolite, with casta of bivalves and 
univalves. 


The slate beds 
consisting of 


Tho slate beds 
consisting of 


“ Soft stuff,' 1 fi in. yellowish-sandy clay 
with thin couisch of fibrous transparent 
gypsum. 

“ Upper Head,” 1 ft. 3 in. to 1 ft. fi in. sand 
enveloping a course of sphetuidal lami¬ 
nated calcareous grit stones which pro¬ 
duce the slate. These are called “ Put- 
Inis” from their figure, uud receive with 
the other slaty bed the name of Fondle, 
as characteristic uf the workable stuuc. 
The stone is partially uolitic and shelly, 
sometimes full of small fragmentary 
masses. v 

“ Manure or Race,” 1 ft. slaty Liable grit 
rock. 

' Luwcr Head 1 ft. 6 in. to 2 ft. sand and 
grit, including a course of spheroidal 
concretions of slato like that described 
above. 

Bottom stuff, 1 ft. sandy and calcareous 
grit with admixture of oolitic grains. 


It might appear from these statements that the slates 
of Wittering and Collyweston are near the Northern 
end of these deposits; they are unknown at present in 
n distinct form North of the Welland, except at Market 
Deeping, though probably represented by the sandy cap 
of the Lincolnshire oolites. 

The slate of Collyweston is associated with beds of 


The floor of the slate beds is rag like the oolite above. 

Must of the Slonesfield fossils, anti in particular the 
jaws of didclphidie, have been extracted ftom one or 
other of the courses of slate. 

We may now return to the Bath series of oolites, and 
accompany Mr. Lonsdale in his recent survey «•'" their 
extension to the Northward. 
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Geology. The inferior oolite, in the South of Gloucestershire 
Ch. II. consists of nearly equal divisions of soft oolite and 
slightly calcareous sand; but in the Northern division 
Ij| '" er of the County the latter, for the greatest part, is re- 
Gloucester- P' acei * “ >’ e '* ow sant ly limestone. The freestone 
shire. beds, which are not to be lithologically distinguished 
from those of the great oolite, gradually increase in 
number and thickness from the neighbourhood of Bath 
to the Cotteswold, East of Cheltenham, where they con¬ 
stitute the whole of the escarpment. This vertical im¬ 
portance is retained through the North of the country 
examined ; but to the Eastward of the valley, ranging 
from Stow on the Wold to Barrington, near Burford, a 
change takes place both in the structure and thickness of 
the formation. The freestone beds are there replaced by 
strata of nodular coarse oolite, containing numerous im- 
• pressions of clypats sinuatus, the sandy portion consists 

of only a thin bed, and the thickness of the whole of the 
inferior oolite group is diminished from 150 to about 50 
feet. 

The filler's earth lose-> its importance in proceeding 
Northward, yet it was traced as a parting between the 
great oolite and the inferior oolite, as far as a line pass¬ 
ing from the neighbourhood of Winehcomb to Burford, 
but to the North-East of this line it thins out. 

Great oolite. The threefold arrangement of upper 
rags, fine freestone, and lower rags, into which this rock 
is naturally divided near Bath, does not prevail uniformly 
ill our progress Northward. 

The upper rags, consisting of soft, freestone and hard 
shelly oolite, were traced to Cirencester; hut to the 
North-Easi of that town they are replaced by a rubbly, 
white, argillaceous limestone. The beds of the middle 
division become chiefly a hard oolitic limestone. At 
Wotton under Edge the lower rags are replaced by 
beds of fissile, calcareous sandstone, which runs through 
the whole of Gloucestershire to the neighbourtiood 
of Burford. They are extensively worked as a tile 
stone, possess the lithological character of the Stones- 
iield slate, have their fissile property in the same way 
developed by exposure to atmospheric agency ; con¬ 
tain trij’onia impressn, the characteristic fossil of 
Stonesfield; and on comparing the strata of Burford 
with those which rest at Stonesfield on the slaty beds, il 
was found that an almost perfect identity of character 
and order of position prevailed at the two localities. The 
Wind rush quarries near Burlbrd give the. following sec¬ 
tion for comparison with that of Stonesfield previously 
detailed. 


Top. Rubbly limestone. 1 foot. 

Brownish marlstone. 6 

Rubbly limestone. 4 

Pale sandy marl. 3 

Rubbly limestone. J 

Light-coloured clay. £ 

Rag and freestone. 15 

Sandy laminated grit. — 

Mr. Lonsdale has thus corrected the almost universal 
error of English Geologists in classing the Stonesfield 
slate with the forest marble, and has assigned its true 
place at the base of the great oolite; a most important 
alteration in every point of view. 

The forest marble was found to possess the same cha¬ 
racters as near Bath, consisting of a thick stratum of 
laminated shelly oolite, interposed between beds of sandy 
clay, containing laminae of grit; and to have, from 


Bath to near Fair lord, tor its uppermost stratum, a dc- Geology, 
posit of loose Miud, containing large masses of calcareous 

Il is hardly to he doubted that the slate of Colly, 
western is coeval with that of Stonesfield, but it must 
be left to further investigation to decide whether the 
thick oolites of Lincolnshire comprise, both the great 
and inferior oolite of Bath, or which of them exists there 
alone. It is now ascertained that there ,.re calcareous 
slaty beds in two points of the series between the coin- 
brash and the inferior oolite ; it is known that both die 
great oolite and interior oolite arc subject logical vanii- 
tion of lithological character and thickness, and that the 
fuller's earth which distinguishes these rocks at Bath 
is extinct, or nearly so. North of Burtord. The pro¬ 
blem, therefore, now presented to Geologists by die yet 
unfinished survey of the oolites, is rulliei complicated, 
and demands much labour to perform with full elicet. 

It should be begun by taking up the subject whole Mr. 

Lonsdale’s observations end, n:. at Bnrlord, and the 
ground examined minutely Northwards. We may veil- 
lure to promise that this will not lie wholly neglected. 


Middle Oolite Formation. 

Very strong analogies accompany all the leading divi- <Icnn.il 
siona of the oolitic system, and maik them as the pro- desrnplmn. 
ducts of a succession of similar causes. As the oolites 
of Bath lie enclosed between strata of calcareous sand, 
so those of the middle division are imbedded between 
strata of calcareous saml and sandstone, and the asso¬ 
ciation of the upper oolite vvilli green sands at Switidou 
and Thame, is probably of the same intimate description. 

The organic fossils of all the divisions have a sinking 
general resemblance, and the composition of the rocks 
is liable to similar variations. 

The physical features impressed on the geography of 
the country which they traverse are also very similar. 

As the consolidated strata of the lower oolite Ibrm.ition 
form a high escarpment, which overlooks the plains of 
argillaceous lias ; so the limi stones and sandstones of 
this middle group rest on a bold edge, above the vales 
of Oxford (day, and the upper oolite rocks in the few 
places where they occur domineer iu the same manner 
over the vales of Kimmoridge clay. It might have been 
attended vvilli some convenience to have considered these 
thick days in formations apart from the rocks, as the lias 
has been separated from the lower oolite, but they are 
from various causes so connected with them that it 
would have injured the practical utility of the classifica¬ 
tion. 

The general characters of the surface of the middle 
oolite formation, are a moist valley of Oxford clay be¬ 
low a dry range of hills, furnishing copious springs 
from the calcareous grits and oolite. Dry valleys, deep 
wells, narrow dells, washed by the rapid streams, occur, 
especially in tiic districts of greatest altitude, and one 
unacquainted with the series of formations might re¬ 
cognise in the general aspect of this, the description 
usually given of the lower oolite range. Outlines ol the 
oolites and sandstones occasionally cover iii-mlalcd hills 
or the subjacent clay, and prove the ileiimlating power 
of ancient floods. The altitude of this range of oolite 
nowhere equals that of die lower oolite in the same 
region. Thus while in Yorkshire the rocks rise in 
Button Head to MS.5 feet above the sea, die former 
reach on Black flaiiiblclon 1-140 leet. In Oxlordshirc 
4 n 2 
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i , s ;y. and Gloucestershire POO or 900 feet is the height of the 
<'!>• li. lower oolite, but -lOU or 500 feet that of the middle 
" oolite. 

i:.mce aid 'I'liis formation is upon the whole less continuous 
• \k-ut. t | lan t ) le „ n0 described before, yet the discontinuity 
is not of the whole mass, but chiefly of the group 
of oolites and sandstones. These have a considera¬ 
ble devolopemcnt in Dorsetshire ; first on the coast at 
Weymouth, and secondly from near Sturminster to be¬ 
yond Wincanton, where they produce oolitic freestone, 
lienee to T.ongleat Park they are unknown. From 
JLnngleat. their range is unbroken by Westlmry, Caine, 
Wootton Basset, Ilighworth, Farringdnii, and Aliing- 
don, to the banks of the Thames at Oxford. They can 
be traced under Shotovcr, and towards Brill, a few 
miles, but their further course is unknown, till we arrive 
under the Wolds of Yorkshire near Acklum. At this 
point emerging from beneath the chalk, they encircle 
the Vale of Pickering by Multon, llelmsley, Pickering, 
and Scarborough, increase greatly in importance, and 
assume more completely than in any other part of Fug- 
laud, excepting perhaps Weymouth, the. full characters 
of their formation. But while the oolitic group is thus 
dismembered into four widely detached legions, the 
Oxlind clay beneath is as remarkably connected from 
the Nortlt side of the Dorsetshire downs, by Wincanton, 
Mclkshatn, the Vale of the Isis, Ottnioor, the Vale of 
Bedford, Huntingdon, the Western border of the Fens, 
and the Vale between the f'lilf and Wold ranges of 
Lincolnshire to the banks of the Humber. Beyond 
the unconformity of the chalk wolds, its course is un¬ 
divided beneath the slope of the calcareous grit round 
the Vale of Pickering to Scarborough. 

We shall now offer a few details of the internal struc¬ 
ture anil variations of these rocks. 

The clay below the Kelloway rock lias been very little 
noticed, and is indeed not very important. It occasion¬ 
ally contains pholadotny.e mid other shells near Bath, 
and more frequently abundance of selenite, and on the 
coast of Yorkshire has yielded some curious remains of 
Crustacea. As for the greater part of the range of the 
Oxford clay the Kelloway rock is unknown, this clay can 
seldom be distinguished. In Yorkshire it barely reaches 
a few yards, and generally is less than three feet in 
thickness. 

Jtrllow ly The Kelloway rock, so named by Mr. Smith from 
iwk. Kelloway Bridge in Wiltshire, which is almost the only 
place where it occurs in the South of England, is in that 
County more remarkable for the beauty, peculiarity, and 
abundance of ammonites, grypha'ic, and other organic 
remains which it produces, than for either its thickness 
or continuity. It is there a calcareous sandstone, ap¬ 
pearing when devoid of organic remains very similar to 
those which accompany the coralline oolite, externally 
brown, internally grey or blue, of a rubhly nodular 
.structure, altogether less than twelve feet thick. From 
Wiltshire to Northamptonshire no mention is made of 
this rock, but it was found with its usual fossils at 
lloziate Hill, near Wellingborough, by the writer of this 
Article, in company with Mr. Smith in 1820. 

In 1821, the same observers established the occurrence 
of the Kelloway rock at Ilackness and Scarborough on 
the sea-coast of Yorkshire. It is coextensive in that 
County with the range of the Oxford clay, from under 
which it rises into an psearpment. It arrives sometimes 
at a thickness of sixty feet, and is then locally distinguish¬ 
able iuto several portions, it is, however, altogether a 


mass of sand and calcareous sandstone, with or without Oeuliwy. 
organic remains ; the upper beds very thick, indurated by Ch. II. 
admixture of oxide of iron, and multitudes of gryphica;, 
hclemnitcs, ammonites, and avicuhe, and other fossils. 

Not unfrcqiicutly in the vicinity of the shells it becomes 
sufficiently calcareous to assume the character of a sandy 
oolite, sometimes ferruginous like that of Dundry. The 
sandy parts of the mass ure often variously stained 
brown, reddish, yellow, or remain perfectly white, in 
layers or irregular stripes, and traversed by dissepiments 
of oxide of iron. In a very few places it is useful as a 
building stone. 

There is perhaps no more curious fart on record than 
the occurrence oi this apparently indefinite rock, with 
almost identical characters, after so great an interruption 
of continuity. 

The Oxford clay (chinch clay of Smith) appears, in Oxfud 
the w hole of its range South of the Humber, a pale blue day. 
elav, turning jellow on the surface, with large sparry 
septaria. mid some layers of chocolate-coloured shale, 
(Tytherton,) with ammonites and other fossils. In 
Yorkshire, it is less tough, and more generally lami¬ 
nated, gradually changing in quality to the Kcllo- 
way rock below, and the calcareous grit above. Most 
of the organic remains which it yields belong to the 
lower part of the stratum, and are in general identical 
with or very similar to those of the Kelloway rock. 

Taken in general terms, the suite of fossils at Weymouth 
belonging to the Oxford clay is considerably allied to 
that of the Kelloway rock and Oxford clay of Yoik- 
shire, hut further comparison of the species of ammo¬ 
nites is yet needed. In the Museum at Strashurg fossils 
of the Kelloway rock, as well as of the Oxford clay, are. 
recognised. 

It is painful to observe the dreadful waste of money 
in ilj-advised trials for coal along the line of the Oxford 
cluy. The least fragment of jet or morsel of bituminous 
shale, especially if accompanied by “ blue inetal,” is 
enough to make a credulous proprietor listen to an 
ignorant collier, and throw away the value of his solid 
land in sinking for theamaginary treasures beneath it. 

The lower calcareous grit should be carefully distiti- Coralline 
guished from the iron sand, with which Mr. Smith has oolite 
occasionally confounded it, nor is the distinction difficult, K rm, l’- 
for, independent of its geological position, the calca- V *\\ ill' 
reous grit is not particularly ochraccous, and never as- & c .’ ' * 

slimes that dark ferruginous aspect so remarkable in the 
other lock. In Wiltshire, where it was first observed, 
it appears as a thick stratum of sand, inclosing irregular 
beds ol sandstone, or of calcareous grit, which assumes 
the aspect of coarse limestone. These sandstones 
are brown externally, but grey or blue within. Irre¬ 
gular layers of clay occur in places, and friable beds of 
decomposed shells. The prevailing colour of the sand 
is yellow, but sometimes it is ash-coloured. At Studlcy, 
near Oxford, Dr. Buckland detected a peculiar bed of 
clouded grey colour, and very tough and dense texture, 
a sort of argillaceous chert, rich in pinna;, ammonites, 
and other orgnnic remains. It probably belongs to the ' 
lower part of the rock. 

The calcareous grit of Heddington, also rich in orga¬ 
nic remains, ammonites, belemniles, plagiostomata, pec- 
tines, &c., is a very coarse rock, with an abundant 
admixture of quartz pebbles, chiefly of small size, and 
fragments of shells. It forms irregular beds and con¬ 
cretions in beds of cyiartzose sand, mixed with calcareous 
mutter. 
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Geology. Professor Sedgwick's description of the calcareous 
Ch. II. pit of Weymouth makes us acquainted with a more 
complete series than that of Wiltshire and Oxfordshire. 
The following statement of beds there is in the ascend¬ 
ing order: 

a. The lnweit lied* upon the Oxford clay are black, and meagre 

to the touch, filled with irregular branching stems like alcynniu. 

b. Thin bods of yellow sand and sandstone. 

r. Strong ferruginous jointed beds of calcareous grit. 

d. Bine argillaceous beds, alternating with hard compact beds with 

an even fracture. 

e. Yellow sand like b, with beds of calcareous grit in the upper 

part. 

Beds of uolite succeed. 

The section of the lower calcareous grit on the York¬ 
shire coast between Filey mid Scarborough has a 
striking resemblance to that of Weymouth. Imme¬ 
diately on the Oxford clay rests a series of grey marly 
sandstones, 70 feet thick, gradually becoming more 
yellow and more consolidated upwards, till they assume 
the harshness which belongs to stones usually called 
cherty. This ciierty bed appears to correspond vvitli that 
mentioned before at Studlcy. It continues across the 
moors to Ifamhleton. Above these runs a band of 
yellow sand, nine feet thick, enclosing large spheroidal 
highly indurated calcareous halls. This band is trace¬ 
able through the interior, where it forms rabbit-warrens, 
11 s far as Whitestone Cliff, and there the balls are of 
immense size. When they fall out, the rock looks 
cavernous. The upper part of the rock consists of strong 
beds of calcareous sandstone, very remarkably covered on 
the surface, and also penetrated by branching cylindrical 
bodies, which continually remind us of sponges. The 
upper beds of this series are of a redder colour, and more 
calcareous than the others, remarkably full of shells, and 
in some places alternate with two or three beds of oolitic 
limestone also shelly. In the interior of the inoors,thcy 
are often used for walistone. It is not always quite 
easy to draw the line between them and the oolite above, 
especially when the latter is unusually shelly, and no 
coral bed intervenes. 

According to Mr. Lonsdale Hhere is in Wiltshire a 
pale blue day, 10 feet thick, interposed between the 
lower calcareous grit and the coralline oolite. 

The coralline oolite, or coral rag group, as described 
by Smith, Conybcarc, and Lonsdale, near Oxford, 
Wootton Basset, and Bath, seems not so complete a series 
as that described by Professor Sedgwick at Weymouth, 
and by other authors in Yorkshire. 

Weymouth, The thickness of the whole group is greater in York¬ 
shire than elsewhere, hut no where iu that country ex¬ 
ceeds 80 feet. The section at Weymouth gives above 
the calcareous grit the four following groups : 

Many beds of pure oolite with beds of argillaceous partings, 
alternating with other shelly oolitic lied--, somewhat resem¬ 
bling forest marble. In some of these lied* the oolitic particles 
are associated with a variety of marl, and are incoherent. 

Thin beda of oolitic marl, containing innumerable specimens of 
the small clypeus clunicularis, casts of melanin, &c. 

Beds of impure sandy oolite, containing, besides other fossils, a 
few specimens of ostrea dcltcidca. 

Thick limestone aeries, at the bottom of which lie masses of 
coral rag, containing caryophyllia annulate, astrmao, &c. with 
innumerable fragments of trigonia clavclluta. In tho higher 
portion are many meagre sandy beds, nearly resembling tho 
lower calcareous grit, but more calcareous, and with a finer 
suite of organic remains. 

■ UMt- Mr. Lonsdale describes the Wiltshire coral rag iu 
three divisions which do no* succeed one another iu any 


certain order, but rather intermix with and replace one Gi-nlogr. 
another. One of them, from which the lormution takes Ch. IJ. - 
its name, is an irregular mass of nodules mostly erjs- — v — 
tallized, but sometimes earthy, mid connected together 
by pale bluish clay. These nodules consist of little else 
but corals of the genera astncn?, caryophyllia, and 
agaric-in, especially the former, which sometimes sepa¬ 
rately compose the whole mass. The lower purl of this 
bed sometimes affords a dark blue crystalline limestone. 

Another form o 1 ' the rock is found in the oolite of 
Caine, which consists of alternations of hard shelly oolite 
used for (lags, and soft, perishable, scarcely oolitic, lime¬ 
stone, workable by sawing parallel to the beds. 

This form of the rock passes into the third or rubbly 
oolite, which is tho most abundant variety iu Wiltshire. 

This is a nodular rock with very indistinct stratification 
and much irregularity of texture, occasionally with ova 
three-tenths of an inch in diameter, constituting what is 
called pisolite. 

In the deep pit through Kimmeridge clay on the line 
of the Wilts and Bucks ('anal, this rock was very thill, 
srarcely oolitic, but chiefly a cellular mass of carjopliyl- 
liic and astra-m, and a similar character prevails iu some 
quarries in the neighbourhood of Wootton Basset. Be¬ 
low it the lower calcareous grit was in the state of loose 
sand. 

Mr. Conybcarc divides the coralline oolite near Ox- (Kfm.l- 
ford into two parts, of which the upper is a calcareous »hne. 
freestone of close texture, full of comminuted shells, 
and irregularly oolitic or pisolilie.* The beds arc vciy 
thick, ami the stone lias been much used iu buildings at 
Oxtbril, but is not found to be durable. The lower part 
is the true coral rag, consisting of two or three courses 
of nodular rubbly rock, very crystalline in aspect, and 
composed of masses of astra-a 1 and caryophyllia 1 , with 
admixture of echinital and shelly fragments. 

Tn Yorkshire the lower beds of the coralline oolite Wkdiiio. 
are in general exceedingly shelly, and full of el\pens 
dimidiatus, clunicularis, Ac. and on the North side of the 
Vale of Pickering, at Uackness, Khherston, Ac. un¬ 
marked by an irregular bed of coral (asinea-) nml 
sponges. The middle part of the rock is regularly 
bedded with thill partings of clay, and very large ver¬ 
tical joints; the different beds vary much in the same 
quarry, from a soft, loose, whitish oolite to a solid rock 
with blue centres and large pisolilie spherules. At Mal- 
tou it is more uniformly oolitic, and very fiili of mclmiitc, 
trigonia?, plagiostomata, &c. and organic remains of all 
kinds. Near the upper part in the Ayton quarries is a 
bed of caryophyllia? and echini, and the rock i's crowned 
at Siiininglon, Ilelmsley, Ac. by a bed filled to excess 
with turritello: mid niclania?. Melania striata and tur- 
ritelhn occur near the top of the rock ahnut Brompton 
and Hackness, but at Mallon they lie indiscriminately. 
Ammonites chiefly belong to the lower beds. About 
Kirkdale anil Ilehnsley lnyers of obscurely defined 
nodules of bluish-grey chert, having the texture of 
sponges, lie in the lower part of the rock, ami remind 
us of the silicious sponges of the Portland oolite. 

These sections will show at once the general accord¬ 
ance of the characters of this irregular oolite, its varia¬ 
ble thickness, and indefinite order of succession, cir¬ 
cumstances which belong indeed more or less to all the 
oolitic formations. The corals which characterise the 
rock, lie very unequally, yet perhaps we may perceive a 
tendency to form two layers, one near the top, the other 
at the bottom of the rock. The Oxford series seems 
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Geology. imperfect by the deficiency of the upper members , a 
Ch II. circumstance probably connected with ancient dcnuda- 
tions, by which also this rock has been greatly affected 
in different parts of Yorkshire. 

Upper calc The upper calcareous grit, obscurely indicated at 
gnt. Weymouth, and very thin nnd unimportant in Wiltshire, 
(where it appears separated from the oolite by ferrugi¬ 
nous clay,) is of considerable note along the North side 
of the Vale of Pickering, especially about Helmsley 
and llackness. It then reaches even a thickness of 60 
feet, and by intercalating its upper part with the Kitn- 
mcridge clay establishes a transition from the middle to 
the upper oolite formation. It is in general more ferru¬ 
ginous and less clierty than the lower calc grit, and in 
Yorkshire, contains apparently fewer orgunic remains, 
but of the same kinds. It has been entirely removed 
by denudation from the oolite cliffs of the coust. At 
Weymouth its fossils are numerous ami fine. 

Upper Oolite Formation. 

The upper or Portland oolite formation, Consisting of 
limestone above and clay below, might be expected to 
occupy a country, whose physical geography should 
strongly rese.mble that, of the district of coralline oolite. 
The area occupied by the calcareous group is indeed so 
very small in England, that little can be said on this 
point concerning it. Its commanding appearance in 
Portland Isle, in the Vale of Pewsey, at Swindon, and 
in the Vale of Aylfflsbury, is analogous to that of the 
oolitic rocks in general, and the satxls with which it is in 
some places associated, increase this resemblance. 

Kimmc The Kimmeridge clay in its much longer and more 
n<lgt> day. connected range in Dorsetshire, Wiltshire, Berkshire, and 
Buckinghamshire, (where it can be traced at least as far 
as Little Briekhill,) and beneath the wolds of Lincoln¬ 
shire, and through the Vale of Pickering in Yorkshire, 
presents the usual characters of a thick clay deposit, 
broad vales with a cold, stiff soil, without springs. 

The Kimmeridge clay at its typical locality in the 
Isle of Purbeck appears in the cliffs, as a laminated clay, 
bluish or greyish-yellow, dividing spontaneously like 
other shales into large tabular masses, the joints often 
lined by calcareous spar. Layers of small argillaceous 
nodules occur. It passes gradually into a bituminous 
shale, imperfectly combustible, and filially into layers of 
brown shuly coal, specific gravity 1.319, which burns 
with a smoky yellowish flume. Alum was formerly 
manufactured fioin these shales. The group is sup¬ 
posed to equal 600 lect in thickness. (Urology of Eng¬ 
land ) In the Vale of While Horse at Even Swindon, 
it was penetrated by a well to the depth of 233 feet,and 
the additional thickuess of the incumbent beds in Swin¬ 
don Hill being taken at only 70 feet, the stratum will 
appear 300 feet thick. Near Oxford it is only 100, and 
at Bugley Wood was found only 70. In Lincolnshire 
nnd Yorkshire its thickness generally appears much less 
through the unconformity of the chalk strata. 

Near the bottom of the Kimmeridge clay in the Vale 
of White Horse, below the layers of ostrea delta, were 
found a band of coarse oolitic ironstone with fossils and 
layers of septaria, with ammonites, troclii, and many 
other fossils much allied to those of the coralline oolite. 
Shale and bituniinized wood were found at about the 
middle of the clay, and above this a course or thin balls 
of stone with mineral water. Near Weymouth the 
lower part of the clay contains, above large beds of 


ostrea della, beds of ferruginous impure calcareous Gcu'. 
grit, partially oolitic, and alternating with beds of red !l 
and green sand and blue ciuy containing ostrea della. 

Small bauds of culcareoiis grit may be seen in the lower 
part of the Kimmeridge clay of Yorkshire, below layers 
of ostrea delta. It thus appears that the remarkable 
species of oyster so named by Mr. Sowerby is a very cha¬ 
racteristic fossil of the. lower parts of this clay group, 
nnd its maimer of occurrence is equally so. For whether 
in Yorkshire, at Ilclmslcy, Kirby Moorside, Elloughton, 

Ac. in Lincolnshire at Market Basin, at Little Brick- 
hill ill Buckinghamshire, at Heddington near Oxford, 
at E\rn Swindon and Pensoy Vale in Wilts, or at Wey¬ 
mouth, and we may add, at Havre, it always appears in 
broad continuous floors, parallel to the planes of strati¬ 
fication, the valves usually together, with young ones 
occasionally adherent to them, and entirely imbedded 
in clay, without nodules or stones of any kind, and 
without any other organic remains in the layers. 

The upper oolite group consists, like those pre- Portland 
viously described, of a variable mass of sand and sand- noble, &c. 
stone concretions, surmounted by a. partially oolitic, 
shelly limestone. Were the rock to be seen more com¬ 
pletely it is probable that it would also show a less 
definite arenaceous zone above. In l’urbeck it is covered 
by the fresh-water or Wcaldcn formation, and in Wilt- 
shire,Bcikshire,and Buckinghamshire by the greensand. 

The varieties of composition in the limestone are 
such as have been noticed for llie other oolites, riz. 
fine-grained while oolite, loose granular limestone of 
earthy aspect, and compact ciclaceous limestone with 
conchoidal fracture. 

In the Island of Portland the groups present, accord¬ 
ing to Mr. Webster, (Geological Transactions,) the fol¬ 
lowing characters. 


Upper bods 


Middle beds 


Lower beds 


I Shim- brash, a cream-coloured limestonn 3 
Purling of the sumo witti black ciuy ... 1 

Cap stone, m three layers, with partings 
of cl.;) , cicani.coloured and inud, mi 

us to turn the points of the tools.10 

rlioarh, a rock Com posed of fragments of 
oyster shells, cemented together .... 6 

White beds, marketable stone. 5 

Layers of Hint and slouy rubbish. 6 

MiddI-lied, inaikelahiu stone, with few 

marine impressions . 5 

Parting stone with shells of no value .. 2 

Third bed with few shells, generally the 

must saleable fi cestnne .. 7 

/Many lajcrs of (lints and of unservice- 
'' \ able stunc. 50 


feet. 


to 14 
to 60 


Still lower, according to Dr. Bucklaud and Mr. De 
la Bcche, is a bed of sand and sandstone 80 feet thick, 
with gieen grains, and very like to the. Tower green sand. 

At Chicksgrove, in the Vale of Tisbury, Wills, the 
series of limestones, more or less associated with sand, 
especially in the lower part.reaches more than 60 feet in 
thickness. Miss Benett, who has extracted so many 
treasures from those quarries, lias given a minute section 
of the beds. 

The five upper bed*, amount ing to 29 feet, consist of white limestone, 
locally called chalk, with oiie interposed layer of bad shelly 
stone, and a band of chvrty flint 4 inches thick. The middle 
bed of this limestone, 2 feet thick, is excessively rich in shells, 
hut the thicker beds above and below contain none. 

The next three beds of the quarry, amounting to 10 feet, consist of 
Sandy limestones, with iragineuts of shells. 

Firo belts bcluw consist of sanity limestone, mostly compact and 
shelly, with grams of gieen sand in greater or less abundance. 








GEOLOGY. 


631 


Geology. The three lowest beds are compost'd of loose samly limestone, with 
Ch. 11. more or less cf the green grains before noticed, shells and 

* i — -1 ' fragments of shells. 

The shells most abundant at Chicksgrove are tri- 
gonim, pectines, ammonites, uniones, troehi, &c. 

Brill, &c. The imperfect sections at Brill Ilill and Garsington 
present several points of analogy with the above section, 
especially in the presence of the cretaceous bed, and the 
quantity of sand below the calcareous part of the rock 
is well seen here and at Shotover, where it encloses in 
the lower part large, grotesque, concretionary blocks of 
sandstone, sometimes full of shells, and generally abun¬ 
dant in green grains. 

Abundance of green grains accompany these lower 
beds in their course througli the Vale of Aylesbury, and 
are also recognised at Swindon. 

The height of the ground occupied by the detached 
portions of the upper oolite group is considerable in 
Brill Hill, (780 feet,) in Shotover amounts to 500 feet, 
at Swindon probably 400 feet, in Portland 800 feet, but 
in the Vale of Pewsey it is very low. 

Dirt bed of One of the most interesting observations concerning 
Portland. ti lc circumstances which intervened between the marine 
deposits of oolite and the fresh-wateror estuary deposits 
of the Purbeck clays and limestones, is that of Dr. Buck- 
land and Mr. De la Bcche on the dirt bed which lies 
between these groups of strata in the Tsle of Portland. 
This bed is compared by those acute Geologists to black 
vegetable mould. The stems of eycadeic and larger 
conifer®, which arc found in this bed, often “stand erect, 
and have their roots attached to tile black soil in which 
.they growthus presenting us with an ancient sub¬ 
merged forest, for comparison with the more modern 
submarine forests which in so many points margin the 
English, Welsh, Scotch, and Irish coasts. 

It is concluded by these authors that the Portland 
rock, whereon these plants are stated to be in the ’place 
and attitude of growth, had been raised to become dry 
land, and then sunk again, under such circumstances as 
to become covered by fresh water, whieh produced the 
Purbeck limestones and days ; and it appears a 
matter of probable inference that at the same periods 
the whole Wealden district was submerged under nearly 
the same circumstances. The absence of conglomerates 
and dislocations appears to prove that these submersions 
were effected quietly and gradually ; certain beds of 
oysters show that the waters were at least occasionally 
brackish, the sea again regained its dominion, and de¬ 
posited the cretaceous rocks and marine (estueea, and 
finally yielded place again to a lacustrine deposit. 

Wealden Formation. 

Until the appearance of Mr. Mantell’s Works on the 
Geology of Sussex, the peculiar relations of the vast 
thickness of sandstones and clays of the interior of Kent, 
Sussex, and Hampshire, were entirely misunderstood. 
No one supposed that these immense strata were alto¬ 
gether of a peculiar type, and interpolated amidst the 
rest of the marine formations, as a local estuary forma¬ 
tion, of which only very faint traces can be perceived in 
other parts of England. Always striving to make par¬ 
ticular results harmonize into one general system, Mr. 
Smith and other Geologists at one time referred the in¬ 
terior sandstones to the “ iron sand,*’ and the Weald 
clay to one of two beds, confused under the title of oak- 
tree clays. This mode of classification seemed, indeed, 


tolerably consistent with the mineralogical characters of Geology. 
the formations, but was found wholly at variance with Ch. II. 
their animal and vegetable remains. For these, instead '" —l V"*'' 
of being fossils of the iron sand and Kimmcridge clay 
or Gault, were really a peculiar suite of terrestrial and 
fluviatile exuviae of which very few traces have been 
perceived elsewhere. 

Mr. Mautcll’s publications have clearly shown that 
the true place of the whole Wealden formation is below 
the iron sand or lower green sand, and, probably, im¬ 
mediately above the Purbeck limestones, which overlie 
the Portland oolite. 

The only places in England whore analogous beds 
are known to occur, are at the back of the Isle of Wight, 
in (he Isle of Purbeck, along the South side of 'he 
Dorset Downs, and in the Vale of Tisbury in Wilts. 

The Wealden formation naturally divides itself into firoupHof 
two groups, which give distinct physical features to the da-Wealden 
Countries which they occupy; and if to these no add the 
Purbeck limestones below, we have the following order 
of succession. 


l |jpir group. 
Weald clay. 


Middle group. , 
Huttings sands. 


Lower group. 


(Palo blno clay, of considerable but variable thick¬ 
ness, having in the upper part septaria of ar¬ 
gillaceous ironstone, and in tho lower part 
beds of the shelly limestone, called Sussex 
marhle. 

Fawn-coloured sand and friable sandstone. 
(Ilorsham beds.) 

Culciferous sandstones, alternating with friable 
and conglomerate grits, resting on blue clay* 
(Tilgate beds.) 

White sand and friable sandstone, alternating 
with clay. (Smith sandstone.) 

Blihsh-grey limestone alternating with blue clay 
anil sandstone shale, and some beds of calci- 
ferons sainlstoue. I Astihuridiam beds.) 

(The Purbeck la ds, consisting of shelly limestones 
l alternating with clay. 


'file Weald clay forms one general valley, most con- Weald clay, 
spicuous on the Northern side, between the elevated 
central ridges of the Hastings sands, and the chalk, 
downs of Kent, Suriey, Hampshire, and Sussex, from 
Hythe by Tunbridge, Hartiugcoinbc, Hailsliam, to I’c- 
vensey. 

The Hastings sandsilistinguish themselves by limning Hasting# 
a central axis of elevation along what is railed the Rttulls - 
Forest ridge,by Battle, Crowborough, and Tilgate Finest 
to Horsham: Crowborough, the highest point, is SOI 
feet above the sea. This arrangement may la; studied 
on Mr. MantcII's and Mr. Smith’s sections, but the 
general axis of elevation is so eonltiseil by a number of 
local disturbances, and is, moreover, so broad a ridge, 
that its character is often overlooked. Those who 
suppose the chalk of the Northern and Southern es¬ 
carpments to have oucc extended over all the area of 
the Wealden formation, and to have been subsequently 
removed by watery violence, have rightly applied to 
this devastated region, the name of the great denudation. 

Whether, in truth, the Purbeck beds should be thus 
ranked in a separate section, or be considered as the 
equivalent of the whole argillo-eulcarcous lormalinu of 
the Weald, is, perhaps, matter of doubt, ft is, however, 
certain that the most decided analogy prevails be¬ 
tween the upper part of the Purbeck scries and the 
marble beds of the Weald clay. We shall now add a 
few details on these groups in succession, beginning 
with the Purbeck beds. 

These consist of ninny thin strata of argillaceous Purhcrk 
limestone, alternating with slaty marls »"d l«*rm an 
aggregate of 300 feet in thickness, Mr. Webster de- 
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scribes the beds of stone as consisting chiefly of shells, 
usually, but without certainty, referred to the fresh¬ 
water genus pallidum. They might, with equal con¬ 
fidence, perhaps, be supposed to belong to an ancient 
littoral genus of the family turbinacea. lltit a small 
portion of these calcareous beds is fit for columns, 
chimney-pieces, and other architectural uses for which 
the “ Purbeek marble” is celebrated. Our cathedrals 
were fornieily supplied from quarries in the very high¬ 
est part of the series, which are now extinct. The 
shells in this stone are usually small paludiniform shells. 
According to Mr. Middleton, three veins of good stone, 
not exceeding altogether 17 feel, lie in the midst of al¬ 
ternations of other stone compact or shelly, and black 
slaty clay, more than 270 feet thick. 

r l he Ashburnham beds, above 100 feet thick, consist of 
shelly limestone and shale, alternating with blue clay, and 
containing subordinate beds of ironstone and sandstone. 
Limestone, of a dark bluish-grey colour, full of immense 
quantities of bivalve shells, more or less spathose, is the 
most characteristic deposit of the group. The shale 
which is associated with this limestone, sometimes con¬ 
tains the same shells in a white friable state. Tu an¬ 
cient times the rich ironstone accompanying this lime¬ 
stone was, through the use of the latter as a flux, con¬ 
verted into iron by wood fires, and thus, in part, have 
the vast forests of Sussex been diminished. The shells 
are usually supposed to belong to eyrctin or cyclas, in 
accordance with the opinion that the whole Wealden 
formation is of ilnvialile or estuary origin; but this is 
still an obscure point, and some of the shells appear to 
resemble iiucula. At Ponndsford a bed of caldferotis 
Til gate sandstone is found under a bed of the Ashhufn- 
Imm limestone, and the same was found in some of the 
limestone pits of Lord Ashburnham. 

The Worth sands and sandstones afford a fine soft 
building-stone, extensively dug at Worth, near Crawley. 
The sandstone is Ibr the most part of a white or pale 
fawn or yellow colour, and occasionally contains leaves 
anil steins of ferns, arnudinaceous plants, and other 
vegetable reliquiae. They may be well studied in the 
cliffs near Hastings. 

The Tilgutc beds consist of three divisions. The 
lower one is clay or marl, of a bluish-grey colour, alter¬ 
nating with sand, sandstone, and shale, and containing 
stems of vegetables, and very rarely bones and shells. 

The middle division consists principally of large eon- 
crctionul or lenticular masses of a compact ealciferous 
grit, or sandstone lying in sand. The stone is fine 
grained, of a light grey colour, inclining to blue or green, 
and is composed of sand, cemented together by about 
25 per cent, of crystallized carbonate of lime. Its frac¬ 
tures frequently show glistening faces. The lower por¬ 
tions of this bed form a conglomerate, and contain 
pebbles o( qiiaitz and jasper, sometimes evidently water- 
worn. (Ot this stone are three or four layers, from 2 
or 8 inches to l.J or 2 feet, associated with sand.) The 
surface ol the blocks is often covered with mammillary 
coucrctious. These are the strata from which Mr. 
Mantel! lias drawn the astonishing profusion of animal 
and vegetable remains. The vegetables are wholly of 
terrestrial origin, mostly of cryptogamous and gytnno- 
sperinous structure. There are probably no zoophylic 
remains. The testucea (mostly casts) much resemble 
the lacustrine genera, paludina, unio, cyrena. Fish- 
teeth and scales abound, with remains of a land tortoise, 
a fresh-vvatcr and a marine turtle, plesiosaurus, cro¬ 


codile, megalosuiirus, hjhrosaurus, iguanodon, and some Geology, 
kinds of aquatic birds. Ch. II 

Irregular alternations of sand and sandstone, of 
various shades of green, yellow, and ferruginous, the 
surface often furrowed like the sand on the sea-shore, 
cover the whole group. 

The Horsham beds of sand and friable sandstone, 
grey, yellow, or ferruginous, with occasional intersper- 
sions of ironstone, and a very large proportion of disse¬ 
minated small linear portions of lignite, form the upper 
division of the Hastings group, and cnciielc the im¬ 
mense Tilgate beds. The sandstone is micaceous and 
ferruginous, and sometimes bolds a considerable pro¬ 
portion of calcareous matter. These heds alternate with 
a stiff grey loam or marl. The lignite is conjectured to 
have been derived from carbonized terns. 

The Weald clay group, besides its general physical Weald clay- 
features already mentioned, has little to detain us. The g r °"l*- 
septaria of this clay are composed of a deep red, argilla¬ 
ceous ironstone, and with remains of fishes and cy prides, 
occur ill layers of two or tincc feet in thickness in the 
upper divisions of the clay. The shelly limestones, so 
well known by the name of Sussex marble, appear to 
occupy chiefly the middle beds of the Weald clay. They 
occur in layers of a few inches or a foot in thickness, sepa¬ 
rated from each other by seams of clay or coarse friable 
limestone. The compact varieties, when polished, exhibit 
sections of the enclosed shells. These are usually re¬ 
ferred to paludina, and have been compared to the recent 
paludina vivipara, and they are associated with the shelly 
remains of a minute braiicinopode, (ejpris?) from which 
circumstance it is inferred that the Weald clay is a lacus¬ 
trine deposit. This shelly marble occurs all along the line ■ 
of the Weald clay from Leighton to Petworth, New- 
digate, South ofTilvcstcr hill, and Rethersden in Kent: 
potninida V and cyrena; have been collected from this 
clay. . 

The evidence upon which it is now very generally Of frcsli- 
admitted that the Wealden formation was a fresh-water water 
or estuary deposit, is founded upon a contemplation of UII K m - 
the organic remains, and this subject admits of three 
general observations. 

First. There is in all the strata of the Wealden forma¬ 
tion,whether sandy, argillaceous, or calcareous, an almost 
entire absence of decided marine genera of shells and 
zoophyta. In particular, the numerous and characteristic 
tribes of ummoniles and belemniles, of trigonia*, terebra- 
tulic, and ostreic, of cchiuida, stellcrida, and polyparia, 
arc entirely absent, a circumstance certainly unparalleled 
in any section of equal variety among marina strata. 

Secondly. What shells there are have most generally 
the forms of fresh-water or littoral genera, and it may 
be remarked especially that this kind of evidence bears 
with most force upon the middle group. 

Thirdly. The plants which abound in this middle 
group are of terrestrial, or marshy, and not of marine 
origin, and the saurian remains also indicate the littuia. 
or marshy life of those monstrous animals. 

We may therefore confidently adopt Mr. Munich's 
conclusion of the fresh-water origin of the materials of 
the Tilgute beds, aiul suppose these materials to have 
been deposited in an estuary by one or many rivers; 
and also refer to a similar place of deposit, the lower 
bed of limestone and clay, and the upper group or Weald 
clay ; but that the materials of these orgillo-calcareous 
deposits were also derived from the land is not yet 
proved in the same manner as has been done for the 
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Gesloey. arenaceo-caleareous deposits of the forest ridge. What- 
Ch. II. ever , na y | lavc been the causes, it is probable that the 
change from the truly marine Portland oolite to the 
supposed lacustrine Purbeck beds is gradual, and the 
same must be said of the change from the Weald clay to 
the lower green sand. The varying force with which 
the water-floods of the land were introduced into the 
.supposed estuary or gulf, may, perhaps, explain both 
gradations of the extreme groups and the determined 
fresh-water origin of the middle group of the Wealden 
formation. 

Oolitic System.—Foreign Localities. 

Enngo and The oolitic system is so largely developed in England 

extent. as to form a very conspicuous if not the principal fea¬ 
ture in its Physical Geography, and its extreme ramifica¬ 
tions leach the Northern and Western coasts of Scotland, 
and the Eastern shore of Ireland. Hut the range of 
these rocks is still more extensive on the Continent of 
Europe, and obscure indications of the continuation of 
the lower formation of lias occur in North America and 
are repealed in India. In France, abroad belt of oolitic 
rocks borders on the East the primary rocks of Jfrit- 
tnny and La Vendee, mid sweeps round the basin of 
Paris from the coast of Normandy, (Calvados,) by Fu- 
laise, Alcnqon, Lemans, Snumur, Poitiers, Chntcau- 
roux, and Novers, and through Burgundy, Franehe- 
Cornl**, and Lorraine, till, along a line from Avesnes to 
Luxemburg, it. abuts against the slate mountains of the 
Ardennes. From Poitiers the oolites continue them¬ 
selves Westward to La Rochelle, Southward to Angou- 
lcine, Porigneux, Cahors, and the vicinity of Monlnubmi. 
A little discontinuity here occurs, but the oolites of 
Rhode/, and the Cevcmies mountains, by continuing 
themselves South-Westwaid to Montpellier, Carcassone, 
and Foix, along the Northern slope of the Pyrenees to 
Fontarahia, and North-Eastward to Moutcliinurt and 
Grenoble, and so to the Jura, and South-Fast ward to 
Marseilles and Nice, unite into one iricgnlar mass the 
whole area of the French oolite. These formations are 
largely developed in Spain, and, in particular, form a 
band on the slope of the Pyrenees. 

Along the Swiss border of France runs the long cal¬ 
careous chain of the Jura, and this whole mountain 
region is a mass of the oolitic rocks. It is therefore 
generally assumed on the Continent as a type of the 
system, and the terms Jura kulk, Jura formation, arc 
exactly equivalent to our oolitic system. This is con¬ 
nected below the alluvial valley of the Snone with the 
oolites of flurguudy. In its continuation Northward, 
the Jura ranges pass in a broad belt through Wtirtem- 
berg, Bavaria, and Franconia, and reach the Maine as 
it issues from the Bohemian mountains. 

The Jura is also connected, by crossing the Rhone 
below Geneva, with the limestone which follows the 
range of the Western Alps from Provence through the 
Tarentaise and Savoy into the Valais, and continues 
. along the Oberlaml mountains, across the Lakes of 
Thun, Brieutz, Lucerne, and WnHcustudt, and then 
beneath the Tyrolese and Styrian Alps, by Inspruck and 
Salzburg, to the neighbourhood of Vienna. Nor is this 
the end of the enormous range, for the Northern border 
of the Carpathians about Cracow and Dynow is defined 
by vast breadths of compact oolite. 

On the Southern side of the Alps, the same limestones 
appear in great force, and stretch through Illyria and 
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Carniola to Trent, and the Lakes Guarda, Isco, Como, 
Lugano, and Maggiorc. 

Besides these immense ranges of rocks of the oolitic 
area, many smaller detached portions may be seen upon 
Von Buell’s mid other Maps, ami one in the Northern 
part of France, around Boulogne, is of particular in¬ 
terest. 

It appears, then, that the sea which deposited the 
oolites floated round, or perhaps [covered the spaces 
where now rise on high the Alps, the Carpathians, the 
Pyrenees, Auvergne, tlie Vosges, the Black Forest, and 
Bohemian mountains, in general coiresponding to the 
basin in which the saliferous system was formed. The 
original arrangement of the rocks has been ill places 
immensely disturbed, and vast regions have been devas¬ 
tated by floods, yet no doubt the general geographical 
outlines of the system are nearly what they always weic. 

It may not be easy always, in the present state of know¬ 
ledge concerning the extent of.suhtcrraiuan nioveincnls, 
to say what were the depths and the shallows ol this 
great ocean ; but even toward this very considerable 
approximations may be made by computing the mineral 
and zoological and holunicul charaetcis ol the deposits 
in different places. 

Notwithstanding their vast extent, it dues not up- niiUimu 
pear that the continental oolites arc any where subject ofthesy*- 
to greater variation and composition than the English h‘in. 
series. 

In the North of France most of the groups acknow¬ 
ledged by the English Geologists may lie recognised, as 
the lias, inferior oolite, Bath oolite, forest nimble, Oxford 
clay, coralline oolite, Kimmcridgo clay, and even the 
Portland oolite, (Do la Roche, (hoi. Trans.) and the 
01 gallic remains are cither very similar or identical. 

But in the vicinity of the granites of Auvergne, it is 
difficult to distinguish nunc than the lias, and one great 
overlying mass of oolites indistinctly divided, except by 
having in the lower part a ferruginous bed sometimes 
accompanied by ferruginous sand probably coi respond¬ 
ing to that of the inferior oolite. 

The Jura shows us distinctly the lias, and a mass of 
calcareous rocks, sometimes perfectly oolitic, in other 
places earthy or compact, occasionally inlcrlaminated 
with clays, but hardly capable of any clear and satisfactory 
divisions. The lower parts arc often ferruginous and 
sandy, and clearly represent the inferior oolite. The 
upper parts, nevertheless, by admixture of chlorilicgrains 
and beds of green sand, appear to represent the upper 
oolite series of England, until, as may be particularly 
observed in the Salfive, it is difficult not to allow that 
the oolitic and cretaceous systems arc united in the cap 
beds of the Jura-kulk. This should be compared with 
the previous notices of green sand below the Portland 
oolite. The fucoid grits along the line of the Eastern 
Alps clearly belong to the green sand, and the relation!) 
of the hippuritc limestone, which is at the top of the 
alpine kalkstein shows that the causes which in Eng¬ 
land anil the North of France have occasioned such de¬ 
cided differences in the oolitic series, and established so 
many groups, did not obtain in these parts. It is ex¬ 
tremely probable that tins is merely the ililfcrcnre he 
tween littoral and pelagian deposits. In England, gene¬ 
rally, the disturbance of a slioicis indicated by the more 
numerous alternations, beds of clay and sandstone, 
rolled shells, ripple marks and land plants, and, where 
these characters go to exlieme, the whole formations 
appear changed to a coal sy tem. Something like this 
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happens, as before mentioned, at the Porta Westphalicu, 
but the greater part of the oolitic limestone of Trance, 
Germany, and the Alps, appears to have been deposited 
in deeper and more quiet waters. Through all these 
Countries the proportion of limestone to the more me¬ 
chanical deposits is much greater than the average of 
the English series, the marks of disturbance are mostly 
wanting, the lines of division are obliterated, and the 
products of the land infrequent. Perhaps we may in 
this way account for the smaller number of organic 
remains belonging to the Alpine limestones; for if these 
were eminently pelagian, they should probably contain 
fewer marine exuviae, since we have good reason to 
believe that the deepest parts of the sea, where light can 
hardly penetrate, and all is dull repose, arc almost de¬ 
void of organic life. As the borders of a Desert are rich 
in every vegetable hue and resonant with all the voices 
of animals, so are the borders of the sea prolific of ex¬ 
istence, but the Sahara and the Ocean are equally dead at 
their centre. 

The oolitic texture seems to lose itself in the same 
manner toward the Alps, amongst which it can be 
seldom seen, and in general the paucity of organic re¬ 
mains is greatest in the most compact or most crystalline 
of the varieties of these limestones. The Jura, through 
its whole range in Wurtcmbcrg and Bavaria, uniformly 
shows upon tiu> lias a cap of rocks associated with sand, 
and often passing upwards into ferruginous oolite, and 
the same thing happens above the lias of Hanover and 
Westphalia. 

In the centre of the Herman Jura, at Solenhofeu and 
Eiehstadt, os-cur Inals of white fissile limestone, now 
universally employed in lithography, which abound in 
organic remains, and have been long supposed to be 
nuieli related to the Stonesfiekl slates. This relation is, 
perhaps, not supported by their Geological position, for 
this is certainly above not only the inferior oolite previ¬ 
ously described, hut also above a considerable thickness 
of Jura-kalk, nnd a variable mass of dolomite. M. Von 
Dechin appears to think these beds of an anomalous cha¬ 
racter, as indeed their organic remains testify. The 
whole of this slaty group is seen to thin out near the 
mouth of the Altmiihl between masses of dolomite, 
being entirely surmounted by greensand and cretaceous 
deposits. (Murchison, Gcol. Proceedings.) The author 
just quoted inclines to the opinion that the higher mem¬ 
bers of the oolitic groups of Englaud, have not yet been 
satisfactorily defined in any part of central Germany. 
This subject will be soon cleared up by the active and 
intelligent Geologists of Germany. 

Disturbances of the Oolitic System. 

The parallelism of beds over large regions, the repe¬ 
titions of similar rocks at frequent intervals, anil the gra¬ 
dual change of the species of organic remains through the 
whole series, appear to indicate that the long period when 
the oolitic system was deposited was one in which the ordi¬ 
nary operations of Nature were uninterrupted by parox¬ 
ysms of igneous violence. On viewing the whole series of 
these strata, and considering the manner in which theirout- 
crops follow one another, it appears that only a very few 
instances can lie pointed out where any beds of the oolitic 
system are really unconformed to others of the some 
system below them. Apparent exceptions to this law are 
indeed presented by every detailed Geologicul Map, par¬ 
ticularly in the case of the coralline oolite, but this rock 


appears to have been an irregular and limited deposit. It Out 
is,perhaps, hardlyenoughtojustifythetermunconiormity, t ,Q> 
to show that some of the upper beds of this system have V— 
probably been removed by wasting effects of water before 
the deposit of the incumbent clay, as at Heddington: 

One case, however, may be mentioned, at Cave, in 
Yorkshire, where, amidst the more striking phenomena 
of unconformity between the oolitic system and the 
chalk, there appears reason to believe that the deficiency 
in cornbrash and forest marble systems may be ascribed 
to n local unconformity of the .stratification of the Kello* 
way rock. Other instances will no doubt be discovered, 
but they will prohably be found equally unimportant. 

The case, however, is entirely different when we trans¬ 
port ourselves to the period immediately following the 
deposit of the oolites. Through a large part of England 
the line of the outcrop of the chalk, green sand, & c. 
follows pretty exactly the range of the oolitic system, 
and of course we must infer that for all those districts 
the bed and boundary of the sea were not at all changed 
in position in the interval between the two systems of 
strata. But at either extremity of the range the plane 
of the cretaceous system is carried over the edges of the 
oolites from the upper to the lower part of the system, 
so that at Bishop Wilton, iu Yorkshire, it rests within 
25 feet of the top of the red marl. 

In Dorsetshire, the chalk and green sand by over 
extension rest on all the members of the oolite in suc¬ 
cession, nnd at length, in lluldon, actually touch the red 
mai I. 

Mr. Murchison, from his interesting observations on 
the Ord of Caithness, inferred that this granitic mass had 
been npheaved in a solid form, and thus that the contigu¬ 
ous or neighbouring oolitic strata were broken up. The 
brecciated character so frequent in these limestones is re¬ 
ferred to a subsequent recomposition of the fragmented 
parts. Without dwelling on other cases in the British 
dominions, we may fairly infer from this important ob¬ 
servation, coupled with the former cases, that there was 
an extensive disturbance and angular movement in the 
interior of the Earth beneath the Sea in which the oolites 
had been deposited. Considerable faults, ranging East 
and West, accompany the elevation of the oolites in 
Yorkshire. 

On tile Continent very extensive disturbances, hap¬ 
pening at. the same era, show that this was indeed a 
period when the convulsive energies of the subterranean 
regions were strongly and extensively exerted. 

To this period M. Elie de Beaumont refers u very 
extensive line of dislocations, connected with the eleva¬ 
tion of Mont Pilat near Lyons, the Cote d’Or, and the 
Er/.gebirg-e. It is observed that all these axes of eleva¬ 
tion range North-Eastward and South-Westward, nnd in 
the regions intermediate between these, marking ridges 
and lines of undulated stratification may be traced in the 
same North-Eastern and South-Western direction, par¬ 
ticularly on the broad belt of the Jura. 

Without insisting upon the exact parallelism ascribed 
by M. de Beaumont to these lines of disturbance, we are 
warranted in admitting that to the convulsions at this 
period, the long range of oolites connected with the 
ridges of the Jura both in France and Germany, and 
with the line of the Ersgebirge, owe, if not their actual 
height above the sea, some of their peculiar physical 
features. The cretaceous system in the vieinily of these 
lines of disturbance appears to be unaffected by them, 
except by the new outlines which were then given to 
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Geology, the embosoming ocean, from which at a later period 
Ch. 11. the chalk, green sand, &c. were deposited. 

The oolites which pass North-Westward from Lor¬ 
raine are probably continuous under the whole of the 
chalky plains of Picardy, but their superficial outcrop is 
extinguished by the overextension of the chalk to con¬ 
tact with the slates of the Ardennes, nor is it renewed 
on the Northern side of those mountains. Yctlhis case 
may not happen through any unconformity, but be a 


consequence of the irregulur bed of the ancient sen. Gsehw. 
Thus, the red sandstone may be covered and concealed “■ 
by the oolite, and the latter may be hidden below the 
chalk, and yet there may be no unconformity. Tins view 
is supported by the successive coming out in proceed¬ 
ing to the South-East from Avesncs, first of the oolite, 
theu of the keuper, muschelknlk, and red sandstone, 
from their abutments against the older slates. 


Table of Organic Remain » in the Oolitic System. 

N. B. The different oolitic formations are designated, where known with certainty, by the letters/, m, and u, flower, middle, upper,) 

attached to the several localities. 


Plants. (The names chiefly from Brongniart.) 


Family. 


Name. 


British Localities. 

In Lias. In Oolites. 


Algai.Fucoides furcatus ... 

Stockii. 

encelloides ... 

lmdescribed .England. 

Equisetacea.*Equisetum coluimiaro. 

luterale, Phil. 

Filiccs ....... Glossopteris N ilsuniana ... 

Phillips! i . 

Fccopteris Agardluan.i... 

polypodioides. 

dentieulata... 

Phillips!!. 

Whitbiensis. 

Ncblicnsis .. 

tenuis ... 

Pingelii. 

Reglei. 

Dcsuoycihii .. 

rucenlinr, Phil. .. 

exilis, Phil. 

rmpituan,* Phil.. 

rriaiata, Phil. 

Ncuroptcris lobilbliu, Phil. 

Sphamupteris hy menophylloides*. 

crrnulata... 

dentieulata .. 

Williamsuni. 

macrophyllo. 

muHcoides, Phil. ... 

digitata, Phil. 

Taeniopteris lutifrjlia. 

# vittato .. 

Pachypteris lanccolata. 

ovata .. 


Sfonesfield, 4 


Whitby, 4 Brora, 4 
Scat borough, 4 


Ditto, 4 


lift. 

Ditto. 


Ditto, 4 
Ditto, 4 

Ditto, 4 Colly weston,/. 
Yorkshire coast, 4 


Sraiborough, 4 
Ditto, /. 

Ditto, 4 

Ditto, 4 Eaton, 4 
Scarborough, 4 
Stoiie.sfiold,/.'Whitby ,4 
Whitby, 4 
Ditto, 4 
Ditto, .. 

Stoneslield, /. 

Yorkshire coast, 4 
Stonestield,4 Whitby,4 
Ditto, 4 ditto, 4 

W hitby, 4 .Ditto. 

Scarborough coast, 4 
Ditto, 4 


Filicites Bechei 


Cycloptcris digitnta, Lind...... 

Beanii, Lind.......... .. 

auriculath.. .. 

Clathropteris meniscioides .... ... 

(Phyllites ncmilosus, Phil.). 

Lycopodiacctc.Lycopoilites patens ... 

WiUiamsoni. 

falcatus, Lind... 

Cycadem. ...Pterophyllum Williamsuni. 

comptum, Phil. ..... 

minus ... 

Nilsoni .. 

dubium .. ... 

majus .. 

Zamitea Bechei.Lyme Regis 

Bucklandii .Ditto.. 

lugotis.... 

hastata . 

Zaraia pectinata.... 

patens .. .......... 

longifulia .. 

penniformis ..... 

Negans , ... 


Scarborough, 4 
Ditto, 4 
Ditto, 4 


Ditto, 4 


Ditto, 4 Whitby, 4 
Wliitliy, 4 . 

Whitby coaet, 4 
Scarborough coast, 4 
Scarborough, 4 
Whitby, 4 


Ditto 

Ditto. 


Ditto. 

Ditto. 


Stouesfield, 4 
Ditto, 4 
Scarborough, 4 
Ditto, 4 
Ditto, 4 


Parnign Localities. 

In Lias. In Oolites. 

. ..Soh-uhofcn. 

..• Ditto. 


Bornholm, /. 
Ditto, 4 
Ditto, 4 
Moment, 4 
Ditto, 4 


Bornholm, 4 Detain- 
Wing, 4 


Vosges. 


MSlIlt'IH, /. 

Do to. 4 
Ditto, 4 
Iinto, 4 


i O 2 
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GEOLOGY. 


Geology. 
Oh. II. 


Family. 


Nwnr. 


Dritirih l.ncuiiti..". 

In Mm. In Oolite.. 


Fort'l^n Loco] i lie:. 
la Liu. In Oollle*. 


Cycailoiu .... Zinnia GuIdUri ..... 

acuta... 

Win ..... 

Youngii ... 

Feneonm. 

MuntelH .... 

pecttn. 

Nilsouii- brevis .. 

sUmgata . 

Cycadcnideu lnfi^nlo,ihyll;i, | 

Ilrown . f ... 

mierophylln, II.. 

Conifer® .Tnxitos pnduciirpiuidcs . 

Driichypliyllum mainmilljre. 

Tlmytus divnricata.... 

cxpniisn. 

acutifulia. 

cuprvssiformis. 

Conifvnp uf imcertain tribes.. Whitby, Ac. 
MouoentyU:- | „ ,, 

donux [ iiuc-Mainli.i sipi.inm.s.l ... .. 

i'lahrllariii vnniiti'a .... 

(.'llllllltCS Nibuuiii .... 

Of iinrcituin |... 

tribes J-i'ljmimll.iii.i 1 Jesuoyei sit . 


Scarborough, /. 
Ditto, I. 

Ditto, /. 

Ditto, /. 


.Ilbr. 

..Ditto. 

Portland, u. 

Ditto, u. 

Stonvstivlil, i. 

Whitby, I. 

StonesficM, l. 

Ditto, /. Collywcston,/. 
StunesfieM, /. 

Ditto, /. 

Jn lower, miiliiie, and 
tipper oolites. 

Sloncsfielil, t. 

Whitby coal,', l. 

. ..Ditto. 


Seyssel, t. 
Ditto, l. 
Ditto, /. 


Mainers, l. 


Geology. 
Cli. II. 


The Valorsine anil Tare utilise slaty roelts, supposed 
l>y Klic de Hraumimt to be of the age of lias, contain 
plants of the carboniferous epoch. If the Geological 
situation of these rocks he rightly determined, \vc must 
conclude that certain tribes of plants which nourished 
in tile eaibniiifemtis epoch, existed in the vicinity of this 
deposit, under some peculiar circumstances, through the 
whole of the new red sandstone period, and were finally 
extinguished at the commencement of the oolitic eta. 
These plants are in a singular state of conservation, the 
vegetable substances being replaced by tale—-perhaps 
an ell'eet of the igneous agency exerted in elevating the 
Alps, which is most rcmaihubly exhibited in the granite 
veins and interposed masses of the Valorsine. The 
lias along the Alpine chain is frequently prismatized and 
converted into a Kind of slate. 


PobYPARIA. 

N. II. The lus contains very few truce* of Pulypnria. Antlio- 
pliylliini sessile is described by (iuldfuss from “ tin: upper pavt of 
the lias,” Thmuau. 

t Tppcr .turn limestone of Wltrtetn 
FiunSy. Name. tier,;.. 

Fibrosa.. Arhilluiun (lithium....... Solenhofen. 

chcirntutmiui.Slreitbcrg. 

niuiu-.it urn.Ditto. 

tuberosum.litim. 

cunt-ell at i im.Ditto. 

costutum.. S'rritberg. 

Manon pe/i/,u., Ditto. 

luaigiuuUun.Haircut h. 

impressum.Miiggendorf. 

Si 1 } phi ii cylindrical.Streiibcrg. 

chains.Tlimu.iu. 

r.dopoT.x.Ditto. 

texturuta.(ticngen. 

* cost at a.Haircut h. 

vcrrncosi.Ch.iumont, Struitbcrg. 

textuta.I-.»*gi tberg. 

cariosa. Puns.iu. 

polyomumta.Stieitberg. 

cl.ithrata ......... Ditto. 

niillfjioruta ...... Huireuth. 

paruliclii.Streitburg. 

pmlnpora. •. ..Miiggendorr. 

obliqua.Ditto. 

rugosa.Streitbcrg. 

teimiblria.Ditto. 


Family. 


UppeT Jura limestone of WOrtctn* 
lierg, Buvuria, Kaibbttluad, &.c. 


Fibrosa. .Scyphia articulata.Muggendoif. 

piriformis ..Struuberg. 

punctata.Ditto. 

radiator in is.Ditto. 

reticulum. ........ Ditto. 

dictyotu.Ditto. 

jirocuml»cn!i.Huireuth. 

parudoxa-..A inburg, Slreilberg. 

empkmru .Streitbrig. 

htricta.Ditto, Muggcndorf. 

Mimsteiii........ Struitbcrg, liatisbon. 

projiinqua ...Struitbcrg. 

cancel uta.. Ditto. 

• decurnta.. Muggundorf. 

Tlumlioldtii.Ditto. 

Steinbergo.Streitburg. 

Sell lot tlu-imii,.Strait berg, Thuruau, 

scc.unda.Streitburg. 

vemicoba.Ditto, Wurg.iu. 

Hrminii.Huiieuth. 

intemvdia.H.uthciin. 

■Nresn.Stiviibcrg. 

^tiiibiiuita.Ditto. 

*cl.ithrafu.Ddio. 

cul.idosa .(Knabruck, Orlonberg. 

Tragus pezizmdeH.Muggundorf. 

"'acetabulum.. Stmtbcrg, Kunden. 

pa'eliu. HhikIuii, Sieginurmgcii. 

fp'ierioidti ....... \\ (i> tumberg. 

tuberosum.K.ibeitMi'iu. 

nuJiutuin. Streitburg. 

lugoumi.Ditto. 

reticulation.. Ditto. 

▼errucosum.Du to. 

tiibuiosutn.Hnireuth. 

Cnemiditiiu lumellosum... Ramli-u. 

Ktellutnm.Ditto. 

■triatopunctatum .. Ditto. 

rimuioHum.. Ditto 

mumniillnru. S leitberg. 

rotutum.. ThuiDan. 

tidvroMim.. ('nun. 

grauuloMiin.Streithcig. 

aNtrophnrum.II an ham. 

capitutuni. Am berg. 

Siphonin piriformi*.Cbaumont. 

Myi inecium licmisq,haBricuin Th-iniuu. 


The preceding catalogue of fibrous pnlyparin, ex¬ 
tracted from Go Id fuss, ^Prlrefactenkundt*,) contains, 
probably, many species which further research will ideu- 
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tify i'h England. All of them, except when the local!- in the following .singularly short list, which we will ven- Oeofoi 
ties are marked /, are to he referred to tile upper or middle lure to say ought to be decupled. Ch. I 

oolite. All the ascertained British species are comprised 


Spongia flnriccps, Phil.Yorkshire.In middle oolite. 

cUvuriuidea, Lam.,.'Wiltshire.. IMto. 

Alcyonium ?.Ditto.Ditto. 


Tamil,. 

Cortieifora 

CMIuhfura 


Lamellifera 


N*m«. British J,nc»llllc». 

..Iain, Park.Caine, m. 

i.Cclluix>ra orbiculata. 

echinata...,. 

Coscinopma suleata....... 

Retepma...Yorkshire,/. 

Fluatra...Wiltshire, /. 

Ceriopora radiciforiuis. 

♦diehutonm... 

*cluvttta .... 

xtriata. 

anguloba. 

alula..... 

crisp,i.. 

favosa.... 

ratlin! a. 

comprt-sM, Miin... 

orliu'iii.itit.. ... 

Aulopora coinprcssa... 

intermedia, Mini. 

drcipieus.. 

dichotomy... 

Kntalophnra cel latitudes, Lam. 

Spiro pura trtr.igon.i, Lain. 

CfOspitnH.i, Lam.Wilt-diue, /. . 

degans, Lam... 

infiit-.ila, Lam... 

Funomca radi.ita, Lam.Hath, /.... 

Chrysaoi-i daimmirnis, Lam. ... Wiltshire,/. . 

spiuosa, Lain. 

Theoneii dathr.it.Lain.Ditto, /. 

Id mom-u trupietra, Lam.Diito, /.. 

AUrto didiotoma, Lam.Ditto, /.. 

Ummicoa dduviana, Lam. ..... Ditto, /. 

Snuthii, Phil..Seal borough A 

Tcrcbellaria rumosisxiinu, Lam... Hath, A. 

ant dope, Lam.. 

Thamn.ixtcMia Lainomouxii, ^ 

Li* Sauva gu .j. 

Millepora stnuiiiuea, Phil. ...... Seal borough, /. 

ihimctosa, Lain... 

curyiiibosa, Lain. .... 

coni fora....... 

pyriform is .... 

inacrncauli?... 

Conndictyum striatum ... 

.Madrepom liinbata. 

Pavouia luberosu?.Wiltshire, Yorkshire, m. 

Kxphuiaria mesenterina, Lain. 

lobata. 

alvcolaris.... 

Agaricia rotnta.... 

bolftifonnis .. 

crassa... 

granulatn. 

Meimdnna astroidis... 

tenclla..... 

Sooimneringii ... 

virgineum.... • 

Astra,-a microconoa ..... 

concinna... 

oculuta.... .... 

alveolata .. 

hub Anthonies. 

confliuma... 

rosacea....... , ..... 

caryopliylloidcs. 

cristuta... 

igaricites..... 

aexradiata..... 

limbuta. 

for moan. 

pentngonalis, m . 


la the Oodles of Wtirtembcig, Bavirla, Prance, Ac. 

St re it berg. 

Haute S.ionc, /. 

Swissoilund. 


. Tlmrnau. 

, Ditto. 

. Ditto. 

, Du tn, St roil berg. 

, Thnriiau. 

Ditto, 

Ditto, Streitberg. 

I bin mm. 

Ditto 

II note Sarnie, /. 
Hiihfiisfnu, (JrnlcribtTg, /, 
Slreitlnrg. 

li u xw filer. 

St»fit brig. 

Normandy, /. 

Cucn, /. 

Normandy, /. 

Diito, A 
Ditto, A 
Ditto, A 
Ditto, A 
Ditto, A 

Ditto, /. 

Ditto, /. 

Ditto, /. 

Ditto, /. 

Ditto, /. 

Ditto,/. 

Ditto, /. 


Ditto, A 
Ditto, A 
Ditto,/. 

Ditto, l. 
Ditto,/. 

Stmt berg, 
lleidunheun. 


Haircuth. 

J>itto. 

Humlenbcrg. 

SniXMiiia. 

Huitdcn. 

Hatlbfim. 

Giengcn. 

Ditto. 

Near Basic. 

Chaumout. 

Muggendurf. 

Gten gen. 

Ditto. 

Iluideiiheim. 

Ditto, Cviongen. 
Ditto, ditto. 

Hade. 

Gicngen 

Dmo, Hculcnhcbn. 
Salzburg. 

Gicngen. 

Ditto. 

Salzburg. 

lliiltbfim. 



i m 
? »r 
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GEOLOGY 


Geology. 

Ch.IL 


Family. Nome. British Localities. 

LamelliTara ......Astnea gracilis, m ... 

espUntia... 

tulmlusa.. 

tutnilifera, Phil.. Wiltshire, in. Yorkshire, m. 

favosioides, Smith.Wilt»liire,m.Oxon,m. Yorkshire,m. 

iuiriiuulis, Viul.. Molten, m. 

micrustron, Phil. ... Ynrkoliire. m. 

arachnoides, Phil . Maltun, Wiltshire, &c. m. 

several other species,South, in tlio lower oolite. 

Lithodendron elegnns . 

compressum..... 

gruuulosum..... 

Caryophyllia aunulnta, Flem. ... Wiltshire, m. 

cyliudrica, Phil. ... Melton, &c,, Yorkshire, m. 

trnncatn, Lain..... 

Brelnssunu, Lam.. .. 

convexa, Phil.Whitby coast, /. 

othur species.Wiltshiic, Yorkshire, &c. /. and in. 

Cyuthophylluin tiiitiniubulum... 

niactra. 

Turbinulia disp.tr, Phil . Malton, &c. t/i. 

amenta... 

other species .Near Until, /. 

Autliophylhun tuihinatum .. 

oheonictini... 

sessile. 

Fungia orbiculites, Lam.Bath, l. ... 

Ism . 

numisuialis. 

polyinorpha ... 

umlulata... 

discoidea .............. .. 


In the Oolites ol Wallenberg, Osvurts, France, 
Boll. 

W intern berg. 

Ditto. 


Ditto. 

Ditto. 

Snlxburg. 


Normandy, l. 

Ditto. 

Ditto. 

Bum, Bamberg. 

Ditto, ditto. 

Salzburg. 

Hntthcim, Ileidcnheim. 
Ditto, ditto. 

Thorium. 

Normandy, /. 
Swissvrluud. 

Giengen. 

DaiiphinL 

Satztmrg. 

Ditto. 


Geoloi 

Ch. 1 


Radiaiua. 


Family. Name. 

Crinoidea... .Eugoniacrinus cnryophyllu- 
tus, G. 

nutans, G... 


Foreign nml British Localities Biitish LuculUic. in Oolite, 
in Lms. 


compressus, (r. 

pyritiiime, M. . 

inouihtoriiie, M...■. 

Hoferi, M. . 

Solanoci inns costutiis, G. . 

scrolnciilatus, AI. . 

Jacgeri, G... 

Kncrioiles ecbinitos, Sell!.. ... 

Pentacriinis brmrci.s .Wluthy, I.yme, Boll, Hut. 

siibangulnris.Rutland.Oxfordshire, /. 

liasnllii'orinis.Alsace. 

tubereiilatiis.Ditto. 

caput Medusa;.Lyme. Whitby, Alsace. .... Yoiksliirc, /. Wiltshire, I. .. 

scalaris, G. ..J.W iltshue, l. 

ciugulntus, M... 

peiitugiimilis, G.Roll. 

moiulilerus, M.Hnireuth. 

gubsulc.iliis, Al. .... Ditto. 

euhteres, Al. 

paradoxus, G... 

Jureusis, AI... 

Apiocritius rotiiodus. Hath, /... 

elongalus.. Ditto. /. 

rosaeeiis, Schl... 

nicspilifornus, G.......... 

Mdlcrt, Schl... 

flvxuusus, G..... 

olwonicns, G.Ditto. 

Rhodocvinus ? echinatus, G...Mutton, m. 

Stcllerida ■. , .ComatuU pimiutn, G. . 

tenella, G. !.."...!.!!!!! .. 

pectinnta, li...... . ” “ | " . . 

filifurnns, G... 

undescribed, Phil. .. Frethein, Glmicextcikhiie. 

Opliiura Miller!, Phil, ..... Staithes, Yorkshire. 

speciosa, M. ...... 

carinate, M... 

Aster in lumbricalis, Schl... Walxemlorf, LichtenMs. 

lancenlatn, G.Lirhtenlcls. 

areuicolu,G........ Porta Westphalicu, /. 


Foreign I.otiili.los in Oolite, 
f Buueiiih. Wm le.ni'fijr, Svvtts- 
{ I’ll.iml. 

f Sti viilirrc} Mwj'gewlorfySwiK! 

\ i’lliiml 

H.iiifu‘li, Wn item berg. 

Ham Ivn Ik-vg 

Bailvuili, SwinmmUihI. 

SlitMiLt-i r ;. «iuu> 

CitOllirpu, ilcuU'lllu iiti. 
TllUlll.m, SlK’ltljCl g. 

B.urtuitli. 

Ilaule Sat>iie. 


Alsuce. 

Streittierg, Tlmtimu. 
DltlOy till to. 


Stieitberg. 

Bum ml). Winteinberg. 
llaiuc Shiiih . 

AI sac*. \\ ui\ mbtrg. 
Soie utr, Bel art. 

Sxli'tue. W i'r'cmUig. 
llficK nhuiin, n. 

HatlIn ini. WtirU’iutKrg. 
Y\ ii item brig. 

Amlivrir, SwinM'tliiitiL 
SirenlioIiMi. 

Hu to. 

Ditto. 

Diiiu. 


Ditto. 
J>ll o 
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Gfeklogy, 

Ch. 11. 


Family. 


Name. 


Foreign an«l British Localities 
in Lias. 


British Localities In OooUlc. 


Stellmda .. .Astoria. .Tnrensin, M. 

tnluiUta, G... 

SCUti&tA, (i.........«... 

ntvlliIVni, G... ........ 

prised, G.\Y asset alfingen, Wurtemb. 

other species.Bath, /. Malton, m. Yeovil,/. 

Echinida . •.. Cidaris umximus, M ... 

Bhuneuhaclui, M. •. Protsfeld. .. 

nolulis. M...*. 

elegans M.... 

numiliferus, (}.• 

, marginal us, G. 

r.,r,U .... 1 .Wiltshire, m. Yorkshire, . 

fluri^imna, Phil. .. | 

jiropinqnii.s, .... 

glaudUei us. G .•... 

Sch'uidt'lii, M.......... 

liiiehn, .. 

crenuluriH. G ... 

suhuiigulai I'., G... 

VAVluhiriN, G..... 

... . J Somersetshire, /. Yorkshire, 

vag.ns.VI.il.j /. Yorkshire, m./. 

intermedia, Phil. ... Spines of < 'iduris.Yorkshire, AYilts, m, 

fnouilipoia, Phil. ... Somersetshire mid Yorkshire. Yorkshire, m. 

other species.. Near Hath, /. 

Echinus gemiiu.'tns, Plul . . .Yorkshire, in. Yorkshire, /. 

lmeatus, (t.. 

excavdtiis, 1 -eske.... 

nodulosus. M.•. 

hierugl\phicus, G. . . 

sule.itus, (» ... 

_ . . _ J Yorkshire, m. /. Hath / } 

GhIohIus .l.Tres-MS La.... \ |Ia,, t o Suour, m ./ 

speciuMis, M........ 

pifelhi, M.Oxfordshne,/. Normandy./. 

Nuclcolitesgranulosus., M.•... 

sriinglubus, M.... .. 

exceiitncus, G. ..... -... 

canalieiihitus, G... 

scut at u a, G ... 

+tt»stinliiinriu<i l (5. 

columbaria, G._. ..•? .. 

I Oxfordshire, in. /. Sinner- 

Clyptrus sinuatus, Loske .{ solsi.ire, /. Yorkshire, m. 

omar^.imti.s, Pliil. .. .. ^ t.rksliire, hi. 

dill..<1.at. is. Phil.Ditto, m. 

( Yoihshiie, /. Normandy, /. 
Bath, /. Yorkshire, in. 


Foreign Localities iu Oolite. 

Baireuth, mind K 
Streit'berg. 

Ditto, Huiligenstadt. 
Strutberg. 


Baireuth. 

Thurimii, Muggendorf. 
Haireuth. 

Ditto. 

Swisncrktnd. 

Bavaria, Swisserland. 

Thurnau, Streitberg, 

Streitberg. 

Abdorf, Handun. 
Di.schingcn. 

Kunchurg in Tyrol. 
Swabia, Swisserland. 
Haireuth. 

StreitW'rg, Katisbon. 


Regensburg, Basle. 
Rcgeiudmig. 

Baiientli. 

Kegonsluirg, Thurnau. 
Near Huireuth, See. 

Havana, AYu.toinberg. 
Ileidenheiui. 


Ambeig. Nlieitberg. 
Pappenheun, Manheini. 
Kehlbeun. 

St all v ll.eig. 
Swisseiland. 

Haiieuth. 

North of Fiance, /. 


orbicularis, Phil. .... .• Yorkshire,/. 

setTiisiilcatus, Phil.. ....Ditto, /. in. 

Spatangus ovalis. Phil.Scarborough, m. 

intermedins, .. 

rcttisus, I.tun. ..*. 

enriuntus.• ..... 

..... 

ClypeasterpentagonaliSjPhil...Malton in. 


Blauhcuren. A\' urtcinherg. 
HUtihemen. 

Haireuth, Waiteniberg. 
Baiientli. 


Oxford ..Hcddington. 


| Yorkshire. 


CONCIIIFF.TIA. (The names chiefly from Snwerhy.) 

Family. Name. In Tana. In Ixiwrr Oohta. Ill Middle Oolite. In Pppcr Oolite. 

Plagymyona .Pholas recondita. Phil.....?? a 3 to ?’ 

comprcssa.. 

Gastroehnma tortuosa.Bath, Yorkshire. 

Pauop*a gitihosii...*.Yorkshire, Duudry. 

intermedia.Duudry. 

f Brora, Normandy, 

Pholadomya Murchisoni In fctrasburg Mu*. ... \ Yorkshire, Savoy .. 

lirata.Nonnandy.. Dundry, Haute Saone. 

deltoidea...Near Bath, Scarborough Ditto. 

simplex, Phil .. . Scarborough. 

obsoleta, Phil...... • Scarborough. 

oblicpiata, Phil. . Yorksh. Gundershofen . Yorkshire. . 

oval>s.Ditto.. Normandy. .Portland, (i onyb.; 

acuticosta.,..... Ditto. .Angool6me, ( ohora. 

nan a, Piiil.... Ditto. 

pioducta .. Ditto,Bath. . 

tidicoln... ..Yorksh. Soincrs. Savoy. 

obtusa... .....Dundr> r . 
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Family. 

PlagyniyonB 


.Pholadomyu nmbipia . 

H'(JM illin ....... 

gild-jsa. 

Proteii, Bt. 

Mya v. script a . 

litenita ....... 

aiipilifer.i. 

caUvifornm,Phil 
diluta, Phil. ... 

aijuita, Phil. .. 

depri'ssa.. 

inaiulibu'afii .. . 
I.atiaria J m assi, Hi. .. 
Mnctru 


lu Lius. 

{ S or France*, Soleure,! 
BiiMmp*n.j 

Norm.unly, Sol euro. 


hi I.mwr OuliUi. 


Dundry .., 
Nurnmndy 


Yoi kiliirc. 


Bedford, Bmra, Alsace. 

Bath, Yorkshire. 

B.ith, Alsace ? 

Yorkshire.. 

Ditto. 

Ditto. 


Anijihiik-sma dccurl.i-1 

'• • J 


turn, l 4 ln\. 
reco. i uni, Phil 
xccimfm in". Phil 


Bali- 


dotiM'ifonm\ I’li. 11 hithy rnusf. 

MMulhy coast, 
rotuml.itmn.PJnl. * linden, \\ ahlluuu- 
| M'l lli'f. 

i i i>\ i iVoikshm* coast, Has) 
f orlnd.i rard.oid.s.l lul \ Ullill( W(:nrtlll .. J 

il.'jnvssa, Phil... .. 

oh>cmn... 

curtmisiitd, Phil... 

SatipiiuoUinu undukitu.... 

dedans.Yoikslme, Lincolnshire. 

Corbis tiiiitorinib, Phil. 11 hithy. 

lysis ... 

ovuiis, Phil. 

Ti'llma amph.it a, Phil...... 

Psnimnohid lu*vipibi,Ph. 

T.ucinu ilesjiechi, Phil. 

ciassa. Phil. ... .. 

lirala, Phil. 

Crassi.m.or Asti.rte I . 

minium, Phil.) 3 

eh*pi ns... 

lurid a. 

axcavata... 

trigonal is... 

civnla, Smith .. 

nihicul.iris. 

jmmila .. 

aliena, Phil... 

exteusu, Phil. 

cannula, Plul. . ... 

Viucutn. 

cii neat a... 

pl.iiiata... 

rupitu.... 

iinbiic.it a . 

Vohzii, I1 >i*ii. 

VUIICOSA ... 

Venus..Yoikslure. 

Cythera doluhrii, Phil. 

tripmcllnris, ) 

Volt*.J. 

lucinea, Vulls.. 

cornea, Volt*. 

Fullastr.i rccmiilita,Phil. . .. 

ohlut.i, Ph.. 

undetermined .. Whitby. 

Cardiuui t rune at um . .. Whitby coast. 

copiatum, Phil. 

ttcutanpihim.Ph. 

inccrtuin, Phil.. 

gibbeiultiwi.Phil.. 

vtriutiiliiin, Phil. 

dissimile. 


Braiulsliy, Yoikshire. 

Yorkshire coast, l!:ith. 

Ditto, ilitto. 


lu Middle Oolite. lu I’pjM (Mltft 

Normandy. 

.? Weymouth. 

.Havre. 

Brora, Yorkshire. 

Yorkshire. 


Yorkshire? Havre-Yorkshire. 

•.Angouldme. 


Geology. 
Ch. IX 


Yorkshire .Havre. 

...Ditto. 


W'ealow iu Yorkshire. 

Yorkshire. 

Brora. 


Brora, Scar boro’, Bath 


Yoikshire. 

Ditto. 


Ditto. 

Scarborough. 


Yoikshire. 

Ditto. 

Ditto. 

Ditto. 


H. H. May, Yorkshire. 

Yoikshire coast. 
Gloucestershire. ..... 
DuniUy. , 

Ditto. 


Ditto. 

Ditto. 

Haute Saone.Haute Saone. 

Scarborough. 


Ancliff. 

Ditto. 


Yorkshiie, N. Wills. 


Million. 

Ditto. 

Yorkshire. 

lleddioolon. 


Noimaiitiy. 

Ditto. 

J) tto. 

Yesout ? Bans. 
V elliiorslliim. 
Yoikshue, Hath. 
Ditto. 


’ Dliilmark, near Ay les¬ 
ion y. 


Yoiksli. Normandy, &c. 
Yet kshire. 


Gnadersliufeii 

Ditto. 

Ditto. 

Yorkshire. 

Ditto. 


seiniglubnim,Ph. 

citrinoiduum, Ph. 

lohatiiin, Phil. . .. 

siriatulum ..... . 

• WMtitby 

Cardita similis ....... 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Cotlyweston ? 

Y orkshire. 
Ditto. 


Yoikshire, Brora. 


Brora .,. 

Yorkshire 


( Portland, near Ajlea- 
bnry, &c. 


Dttndry, Yoikshire. ... Ditto, 
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Division. Name. 

Plagymyona .Iioeardia rostrata. 

excentrica, Volt*. 


2 a Una. 


In l.uwur Oolite. 
Cotswold*. 


In Middle Oolite. 


concentric*... 

nitida, Phil. 

minima... 

striata, Dmbigny. 

angulata, Phil. 

tumiila, Phil. 

rhiimhoulnlis, 1 

Pliil.J. 

tenern.. . 

Hippopodimn pundero-1 Whilhy coast, Suuthl 

sum.J of England.J 

Trigonia Werata, V. J w , lUby COiltt . 

navis, Lain. 

cos tat a ....... .... 

striata ........ Figeac, S. of France . . 

elongata .. 

(luplicata. 

angulata ..... 

conjungcns, Phil. 

iinhricuta ...... • *. 

cuspidatu. 

pullus ..... 

cl.ivellata .. 

gibbosa . 

incurvu, ftcnett... • • • .. 

Unio ? crassissimus ... Lincolnshire, &c. 
crassiusculus ... Yoikslure. 

Listen ..Ditto..... 

1 Yorkshire, Hath, 1 

e0nc,nnu *.t Gin Lindt. ....... J 

peregrinus, Phil. .... 

abductuH, Pnil. . Yorkshire.. 

Moiliola kevis.South Wales. 

, /Central and Southern 

d ‘T ,CMa .t England. 

minima.Ditto, ditto. 

Hillana .South Wain, Whitby. 

( Whitby coast, West of 
“ cal P rum .1 Scotland, Ac. 

plicala .... | 

cun'euta .... 

imhrienta . 

ungidata ... 


Yorkshire. 

Ditto. 

Ditto, Wilts. 


? Yorkshire. 


In l>p.r Oolite. fj ro 

Ck 

( Portland, Kimme- — t 

ridge, Haute Saone. 


Ditto, ditto, ditto. 


Killoway in Will*. 


Guuderalinfen. 

Hath, Ynrksli. Alsace. 
Y'urkshiie, Dundry. 

Alsace, Wilts. 

Sudbury, Normandy. 
SoinersHsh. Yurksh. 
Yorkshire. 

AnrlitT. 

Ditto. 

Ditto. 

Hath, Yurksh, Brora. 


Yorkshire 

Ditto. 

Ditto. 


Ditto, Oxfordshire. 
Normandy. 

Haute Saone. 


Pi.rl1.iml, Ti-hniy. 

Tisluuy. 


Middle & S. of England. 
Hath. 

Yorkshire, Bath, Ike. 
Yo'kshire. 


as]iern ..., 
rcuiformis . 


gihhosn. 

bipartite. 

pulclirii, Ptrit. .. 
siibrariuuta,Lam. 

clogans. 

tulipca, Lam. .. 

palliila .. 

Iividn, Golilf. .. 
ventiicos.i,Go!df. 
iiidusa, Phil... . 

Lithodunuis.. 


Bath, Colly weston, Cha- 
nar. 

Scarborough, Liucolnsh. 
Yorkshire, Hath. 

Yorkshire coast .... 
Ditto. 

Bath. 

Ditto, Chanar. 


Midton. 


Normandy. 


Chaufour. 

Soleure. 


Hath, North of France. 


Yorkshire, Brora. 
Scarborough, Brora. 
Normandy. 

North of France. 
Him a. 


Maltun. 


Mytilus pcctinatus.... .... 

cuneatus, Phil...Whitby roast. 

air phis ...Bath. 

subbevis ••••■• ..... Felmirsham. 

solenoides ... ... 

Nucula ovum.Whitby. 

complnnata,Phil. Ditto. 

variabdis...Bath, Yorkshire. 

lachryma ...Ditto. 

axinilbrmia, Phil...Y orkshire. 

..South of Franco.Northamptonshire. 

mucronatn ..... ... ■ Anrlitt, near Bath. 

elliptica, Phil...... 

ntula, Y. and B.. .. 

pcctinata ... Wilts. 

myuidea. Mende, Ban*. 

Hammeri,Defr.. Giinilershufen. 

acuminata,V.Huch...Wisgoldingrn. 

lubuta, V.Buch.....Mitzingen, Hopfingen. 


Weymouth, Thame, 
1 !.k hello 


Caliors. 


Srai borough. 

Ditto. 

Normandy. 
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Division, Kamo. In Liu*. In Lowtir Oolite. In Middle Oolite, 

Plagymyona .Nucuht Mihovalis, (folrif. ., ... Wasteralfiiigen. 

rush at a ...Ditto. 

elnngata.Ditto. 

are.uUfi.... ...llaiiie, Baireuth. 

Pecfunculm* minimus.Ancliftl 

ohlmigtiB.Ditto. 

Area quadrieulceta.....*• Malton. 

seinulu, Phil.Ditto, 

puU'lirsi ... Ditto, Rnchtdle. 

trignuelhi, TI;ui.Wasseralfingcn. 

fl. m gat a, Il/m.Ditto. 

rostr.ita. Ihrii.Ditto. 

Cucullira ohlnuga.Colly weston, Dundry. • Ditto. 

vlong.it,i.(-HoHcosti'rKhirc. ...... Yorkshire, 

reticulata, Pl'.il. . ..Yorkshire coast. 

caiifcllata, Phil..Ditto. 

impcrialis, Be.m.Ditto. 

cylimllien, Pi.il.Yoikshire. 

rninuta.Andiff. 

riulis .Ditto. 

roiifr.icta, Plnl.Malton. 

ti-iangul.il 1 * 1 ,1'liil.... .. . Ditto. 

connnnu, Phil.Scarborough. 

jicrtinnta. Phil.Malton. 

d cctiss.it.i .Normandy. 

Pectcn scjuamostni, V. I 1 m t-.vocn Nuremberg 

Buell.J and Augsburg. 

coutrarius, V. B. Will berg. 

CHiialicidatus, (i. (‘tdmbach. 

Mesomyona Pinna folium, Y. and B. Whitby coast. 

grutmiata, lit. . Alsare, Anmmnche. ... La Rochelle, 
cjuadiivalvis, lit. Alsace. 

nut is, Phil. ..Scarborough. 

lanceol.ita...Scarborough coast. 

cuncuta, Beau.Near PoMvold, Yuilcsh, 

pmnigena .Normandy .. Normandy. 

Trigouellitcs, or Ajity-> 

chns nntn|ua-1 .......Malton, Yorkshire. 

tus, Phil. J 

politus, Phil. ... . ..Scarborough. 

discus.Solenhofeu. 

l.rvis ..Hunzht'ig near Amherg. 

lmllatiis.V Meyer Ban*, Boll, 
plasma, V. Meyer Ditto, ditto. 

(it’ivilli .1 lata, IMnl, ...... Yorkshire const. 

acuta.... Collyweston. Yorkshire*. 

{ Giindershofcn, Boll.1 

CviTius, Nuiem-) Oxford, Yorkshire, 
berg, Du mil y. .. j 

pmioides, Desl.Normandy.Normandy. 

silujua, Desl.Ditto ............... Ditto. 

mount is, Desl. ..Ditto. 

costcllata, Desl.Ditto. 

Adcula lanceidata .... Lyme. 

elegantissiuia, 1 .. 

ft.ii.. MaUou - 

timsipliiiiiu, 1‘hil. ... Ditto. 

ovalis. Vliil.... Ditto. 

rx]»iiis.i, Vlul .. ..Near Mutton.Ditto. 

Brnimiluiriensii.Scarborough.Drum, Scarborough. 

{ Yorkshire roast, T.ynif, x Yorkshire coast, Nur- 

D.iiri'uth, Harr, Gun- > nuuiilj. Eunr, Schep- 

r’orsliofcn. ) jHTist.'ilt. 

ry^nipcs, l'hil. . Whitby coast. 

tivuta.StnncsfwUl. 

cost at a.Hath, Normandy. 

cchinata.? Yorkshire, ..Bath, Lincolnshire. 

Mclcatriina Cudomcn-1 ,, 

ms, Deft. .‘ aen - 

Plagiostoma Hermaniii j* orkslnrc, Bath, Al- 

eiiranteum .... VorksKire, Gun- 

| dcrshofcit, Ac. 

nisticum .Miilun...........Yorkshire. 

semilunnre.Alsace. 

pnnctatnrn ...■. South Wales, Figeae.., Normandy, Dundry. 

«««—••• | w K!s.^? wv ' 

concentricum.,. West of Scotland. 

duplication .... RochfeId.au, Bath. .... Normandy. , ,.,., . Ditto. 


In Upper Oolite 
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Geology. 
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Dniaion. N.inn*. lu l.in- In Iahut Oolite. In Mnl.l!r lu tipper Oolite. 

Mesomyonn .l’lagiostoma U-viiuctiluiu.{ S,!,n!n'r,u 1 ce J>h, " > ' 

rigidutl:. V " ,ksU - 

rigiduhitn, Phil.Scarborough. 

cardnibrmc...... Yorkshire, (*louccBtcr»li. 

. j .Yorksliire. 

ovule.Bath, Mauriuc.Streitberg. 

obscurum.. Kellowuya. 

sulcatum ...... South of France. 

tr “’ n ' V }.Stufenbcrg, Boirflogen. 

Lima gibbosa...Hath, Normandy. 

riulis.Yorkshire.{ M j’^ **• °* for ''- 

^-U-.{’SSv.SsS}.rr;;r 

* Hairuutli, Basle. 

.. f Miihllo and South of 

ttntK I' ia . X England, France. 

Pecten himellosus. .... ...<'liick»gro\r, Thame. 

subla'vis, Y. & B. Whitby coast. 

iFijuivulvis.Yuikshire coast, Avalon. Bath, Gloucestershire. 

flciitaltis ..Built rb.uf, Leicmtersh. 

virguhfertts,Phil. Germany.Whitby coast. 

rigid us...Near Hath. 

It*us.Hath, Ilaute Saone. 

obscurus .St ones Held, Normandy. 

tibrobus.Hath. 

lainiiiatus.Ihtto, Stonesfichl. 

annul.itus.If elmiTshani. 

haibatus.Hath, Normandy.Diindry. 

abject us, L’lnl.Yoikshire. 

Vagans.. Haiti, Yoiksbire . . 

dcinissiis, Plul .Yorkshire.Ditto. 

siriiiliH.....Haute Saone.Osfonl. 

vim incus.....Ditto, Yorkshire, &C. 

c.mcelhitus, Beau.......Ymk'dmo. 

n-inieostulnn, J.Oxf,ml ...id Yorkshire. 


Ox.fi.* d, Mult oil. 


Oxford, Vorksbue. 
Yoikslure. 


Phil. 


ileus ... Normandy. 

Mo not is sahnaria. ..Regensburg. 

similis, Mun..P.il»i>euheiin. 

_ . fIIildesheim, Buckc- 

decussala, Mun. \ burg, Ac. 

ci in cion us, G.Mindcn, Wurtemberg. 

Ostreft licviuscula.Hath, A hi berg. 

Marslui.. Pelniersham. Alsace. .. Yoiksbire, Normandy. 

iialmetta.Hath, Not mainly, Alsace. 

. f Bath, Oxun. North of 

nru,n,,,ulil .t France. 

... |, «. v | , . fWeymouth. Yorkshire, 

solitaria.Hath, Yorkshire.| iLire. 

Meadii.Rath. 

obscura...Ditto. 

i Ditto, North of France, 

Co!,, “ lil .. i Buxweilcr. 

sulcifera, l'lul. \ Wll(s Uautc Saol)e . 

rUt?0Sa . B '“ h - .Wilts, Oxen, Wey- 

gregarea ..1 mouth. 

dtiritiscula, Bean.' oikxlure. 

ilia-..,.alia.Seal borough. 

tindosa. Beau.“I** 0, 

archelyiuun.Ditto. 

(leltoidea ..*.. • • • • * 

...... 

minima, Dcsl...NormamlI). 

plicatilis.Dittu. (»e Caum.) 

•carinata, I,am. *™ l o. „... 

(North of France. (Bo- 

jiectinati....I l'uye.) 

penuuria........ Ditto, ditto. 

flabelloides.I.am...North of France. 


/Havre, Oxfordshire, 
1 Yorkshire. 
Chicksgrove, Ac. 


tubulifera, l’hil.l 

M.S.1. 


Oslrea irregularis, Miin. Amberg. 

ungula, Mini.... Bans, Amberg. 
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Geology. WtUIob. V*mr. 

Ch. II. lleaomyona .Oatrea xjrnama, Miin.... 

■implicate, M'un. 


Gryphon incurva. 

eymVium. 

eeprcssa, Phil... 

obliquuta. 

Maccnlloehii ... 


Kelloway Budge. 

(Havre,Weymouth, Ox- 
I ford,South of France. 


York‘Ji. North am pfonsh. 
Vnchey Noires, (Jcrma. 


In I,b». In Lower Oolite. la Middle Oolite. 

Baircutlv. 

Ditto. 

rimoaa, V Buell. Bahtin gen. 

Fxogy ra digituta...... Wilt*. 

mima, Phil. ....... Yorkshire. 

crassa ..... Hath. 

reuifurnua,Goldf..Westphalia. 

I Bath, Lincoln, Hayeux, 
t Meta, Scotland. 

Figeac, Atnberg.? Caen. 

Yorkshire. 

( Bath, Scotland, South 
| of France, 
j.Scotland, Yorkshire, 

\ Hath, Normandy. 

gigantea.Gloucestershire.. llminstcr. 

rigas, Schl.Mezierea, near Caen. 

J Wilts,Yorkshire,Haute 

..1 Saone, Ac. 

hnllita. I.incolnsh.Yorksh.Brora. 

iuhtcreiis, 1‘lnl. Yorkshire. 

J Oxford, Brora, North of 

Bnlm .I France. 

chaniaformis.Pli.Yorkshire, Brora. 

minuta .... Hath. 

cymbina....... 

virgola, Def..... .... 

lituola, Lam....North of France. 

culmnba, B ?.. Northamptonshire. 

.Pt&“U‘T W— 

squamosa, Goldf..Klligser, Brink. 

Inoceramos dubius..... Whitby coast. 

PoNidunia Brunnii,Goldf. Ubstadt, near Bruchsal. 

Pcrna tpiailruta.Yorkshire. 

isogunoide*,Gold...Gundershofen .... 

Crenatula veutneosa ... Yorkshire, Bosworlli. 

BrachiopoJa .Lingula Beanii, Phil...Yorkshire,Gundershofen. 

another species . Wuldenheim, Bas Khin. 

Orbicula reflexa.. Yorkshire coast. 

rtuliata, Phil...Malton. 

grannlata .Bath. , 

latissimn.Yorkshire. 

Spirifcra Waleottii .... ]“"?•«• He- 

1 1 iiri^left,South ot > ranee 

^ 3 oilier species.. Hath. (Smith.) 

vcriiicosa,V.H»rh \V urtemfoerg. 

^ramilosu, Goldf. Ditto. 

Ti'rvbrutcl.i punctata.Rutland, Leicestershire..? 

ornithocephaU.» Lyme, Figeac.Near Caen, Jura,..,,. Yorkshire, Wilts. 

lainpas ........ Lyme. 

smut a.Ditto. 

acuta.Yorkshire. 

( Ditto, Glnurrstenhirr, 

\ AhaeeyWurttnibcrg 

<***.<*>■ • 

trilincatu,Y. & B. Yorkshire.. Near Stokcsley. 

crunicna.Bath. 

*>»«».1'j.w 

obovata.Bath, Wilts. 

.i*tkSSSS 5 S. }»—■ 

digona.Bath, Wilts, Caen. 

globnttt.Yorkshire, Nunncy ■. • ? Ditto. 

tH'iuvalis...Bath, Grantham. 

bullata.Near From*. 

cmarginata.Ditto. 

maxillata .Near Bath. 

sphtcroidalw ..Dundiy. 

eornuta .....llminstcr. 

resupiuata ...... Ditto. 

triquetra....... ..Felmcrsham, Bcdfordsh. 

coarctata ...... ..Bath. 

reticulata ..Frome. 

hemisphauica.... Ancliff. 

nulis...Amberg. 

ovata.Ditto. 

bucculeuta........ Ditto. 


In Vpper Oolite. 


Geology. 
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lndem, Pliil. 
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Ctv.r.ugy. 
Ch. JI. 


In I'ppn Oolite. 


Division. Name. In Mm. In Dourer Oolite. In Middle Oolite. 

Br.icli,o]iO(U.Tercbmtuln ovoides...Yorkshire.Brora. 

. <:,,a - 

media ...Hath, Oxon, Jura. 

orbicularis ... ..Near Buth. 

fimbria.....Cheltenham. 

plicjtell.i.. .Near Briilport. 

obioleta ... Hath, Yorkshire, Jura. 

eoncemia. ... Aynhoe. 

aspieru, Kceuip'.Hath. 

tidbellula ... AnclitF. 

furcata.... Ditto. 

loculi*, l'hil.Yorkshire, 

inconstant..Oxford, Weymouth. 

impress;!, Srhl. I Hohviirolleni, Stnfen. 

\ berg-, Thurmui, 

niu'loat.i, Schl....... ....Ditto. 

plicata, Lam........ 

lorioita, Schl... ........ Baireutli, Thurnau. 

spinosa Schl. I BknnherR, near lXiuau- 

l e&chwgvu. 

Lam...Hohenrollern.Nerfsheim. 

grunas, Ilcruult.Caen. 

triloliata, Mini.... •.., Porta Westpli. Bavaria, 


Stmtbcrg. 


Geology. 
Cll. lie 


Mollusca. 


Gasteropoda .Patella diVuidr*»,Schl. 

1 h»vim .Whitby. 

TllgONa . 

aucyloulcH.. ... 

nana . 

lat.i . 

pap) racca. Go'df... lJ.uiz. 

Kmarginiil .1 tricar in of a. 

Kcnlnrix . 

FissurelU clathrata. 

Pileolus plic.itus. 

lacvis. 

Bulla chin gutu, Phil. . 

Actsenn letusns, Phil. 

gluber, Plul. 

humorabs, l'hil.. 

cuspidutus. 

AClltllR. 

Auricula Svdgvici, Phil. 

Cirrus cannatua.Cheltenham. 

Leachii. 

nodi imis... 

ringulatns, Phil. 

depieasiis, Phil. 

Solarium cidix, Bean. 

Coieitidcum . 

Delpbinul.i coron.ita... 

ol her sjH'iMes. 

Trochus him! Pleiirotu-1 
maria duplicatm* J 

similiH.South of England. 

imbricatui.( Clicltci, ham, South ot j 


Gundershufen. 
Hampton, Gloucestersh. 

Ancliir. 

Ditto. 

Stomsfichl. 


Am-lifT. 

Ditto. 

Ditto. 

Ditto. 

Diitu, 


Scarborough. 

Ditto. 


Yorkshire coast. 

Ditto. 

Am-lifT. 

Ditto. 

Blue Wick, Yorkshire. 

Dnmlry’. 

Ditto, Yeovil. 


Ditto. 

Ditto. 


urkshirc. 


anglicns. 


’hi-1 


1 Frillice, Soleuro... / 

I Hath, Yoikslure, 'Hit 
1 on villi*, Bnnr, 

oinnl os.North of France 

I'raniilatm. 

pyrnmiihitiis, Bean .. 

inseitui, Phil... 

innn illicit us, Phil. 


duplicatm ... 
dimidiahis .. 

puuctutui.... 
elongatm.... 

nbhreviatus .. 
fasciutiis .... 

•iilcatm. 

blcHrinatus ... 
tumatilis, Phil. 


Anclifll 

Yorkshire. .Yorkshire. 

Ilumlry. 

Nortnamly. 

Haute Saone, .ShciU-irn. 

Dnndry, Nnrmandy. 

Yorkshire.Ditto. 

Blue Wick, Yorkshire. 

Ditto. 

Ditto. 

(Little Sudbury, Nor- 
l niantly. 

( Little Sudbury, Gun- 
dershofen, Bam 
Little Soilbury. 

Dundry, Normandy. 

(Dundry, Wiltshire, 
j Normandy. 

Dnndry, Normandy. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto.. 


Ditto. 

Ditto. 


Portland! 1. 
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(ivuIo|nf« 

Ch. II. 


Dlviaion. 

Hasten i^uda Truchiii 


Name. lu Ida*. In Luwer Oolite. In Middle Oolite. In Upper Oolite* 

.* Pleurotoinir-) .Yorkshire. 

rm lm. I 

(•ililmn...Nounaudy. 

uduticiformis,Stahl.Stufenbcrg. 

reticulutu-i.Normandy.Weymouth, Oxon. 

decurut ;i, V .liiirh.Neuhausun. 

rugaius, Bcnctt.Tilbury. 

Tuibo imlcaimatus, t.Blue Wick, Yorkshire. 

Bean.} 

lievigatus, Phil.Ditto 

obhisus.AnchfF. 

undulutus, J’hil... Yurkshin 1 coast. 

oinalus.Dundry, ttundcrubofen. 

uuh’ostonius.Vhil.Hack ness, Yorkshire. 

fuuiculatus, Phil.Mnlton. 

muricatus. f Scarborough, Wilt- 

l shire, W eymouth. 

rotunda! us.. Nounaudy. 

cust.uiu.s, ]>....... France. 

trochiioinus, Sc 111. Bull. 

Phasiauella eiiicta, Phil. ..Scarborough. 

ein^ulosa.Porta West ph.ilica, Hum. 

Uissn.i kens.AnclifF. 

acuta...Ditto. 

oblitjw.it.i.. Ditto. 

dupheata.Ditto. 

Tiirntellu quodrivit. I .Blue Wick, Yorkshire. 

tat.i, Phil. \ 1 

imiiic.it a. .Blue Wick.Oxford, Stc. 

..Chilmark, Ac. 

rchiu.ita, V. Buell.B.mz, Langhciin. 

Neuma citigenda.{ Y ‘sm,ei r Bath' 1 '. 1 ™.’!’.'} Y(,rk, ' llire - 

luheiculata, lilaili . Near Auxeiie.Auxerre. 

lnusai, lies ...? St. Millie), Pouilly. 

fe.hluumi’ iulciino-j .Near Mmden. 

dnmi, 11!(.*n. ..I 

Teiehra n.dai.hmles, 1 .Malton and Pickering. 

grunulata, Phil.Seaiborough coast.Yorkshire. 

vetusta, Phil.Ditto • 

N.itica tumid obi.Dumlrv, Yoikshirp. 

add net.i.Blue Wick, Yorkshire. 

* South.Lmcolnshuc, Bath, &c. 


Geolojr 
Ch. Ill 


arjriihi. Smith.Yorkshire, Wilts, &c, 

in illuInta, Phil.Malton. 

'•meta, Phil.Ditto. 

I Yorkshu 

.. Caen,’ Haute 


Melania'* IIeddingto-1 
nensis.J 


helm. 

-oil- f Yorkshire, Oxon, 

.? Lymington.Yuikshiro.j Weymouth, 

viltata, Phil.Yorkshire. 

Imeala.{- Dumlr *’ 


Dundry, J ^Weymouth, °k.il-} Havre,NortliWiltshire 
teSaonc*. I I 

J Havre. 


N ornuuuly. 

Planorbis ? cuomphahis ? .? Bath. 

Ampiillui ill gigas, Von J .Kahlelierg near Kchtc. 

Stroinb. J.*.* ’ * 

lleliciu.i polita .».Cropredy. 

coinpiessu.Leicestershire. 

expan su.Lyme. % 

Kohiriuidos.Ditto. _ 

Ncrita sinuosa....... Portland. 

lu?\ igata.. ..... Dundry. 

minuta.*.. Anclttt*. 

costata...Dundry, Yorkshire. 

■«——r. {’Iteft' B ”"' 

hisj.i nosa.Plnl.Scarborough. 

trdiilu, Bean.... Ditto. 

■■ Phil.Wlutliy coast. 

Buccinum unilineatum.Ancliff. 

Pterocerns oceani, Bt. . ... Alsace, Mantua.Havre, Haute Saone. 

.. Havre. 

Pelngi. Bt. .....Ditto. 

MurexHarrauensis.Phil...Hacknesa, Yorkshire. 

Dentahum ^igauteum, j S(aithcS) ^ Y#tUhiw- 

cylimlricum.Devonshire. 

quadrat urn, Phil.Scarborough. 


Cephalopoda. Belemnde. ^.huluris. J WWtfcy c0#llt . 
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Geoligy. 
(Mi. 11. 


illusion. 


In I.inn. 


In Lower Oolite, 


In MU.lt** O j'lle. 


CcphalopuilaBeleiiinitcselongatuOIdl me, Whitliy. 

adiinc itu**. Mill. I a no*, Hath. 

cmupre-MiH, l'lnl. . V\ hit ny coast, 
lougissunus, Mill,. Lyme, Hath. 
jnstillifoimiNj HI. . Oh irnit 1 util. 

aciitus, HI.Ditto. 

penicillatus.Ditto. 

brevis, Hlum.....* AUis. 
ftpieicurvatus, HI... Ditto. 

giganteus, B1.Am berg. 

penicillatus, HI.. .. Sal 1 us, Amltize. 

bisulcutus, HI.Caen. 

uulensis, HI. Volts. 

conicus.Whitliy. 

sulcatiiB, Mill.r* South of France. 

vllipttctiM, Mill. 

iibhreviatus, Mill. 

fusiform is. 

gracilis, Vhil. 

trisulcatus, HI . 


In Upper Oulitc, 


compressus, Bl. 

ililatatus, Bl.Baircuth 

canalictilattis, Selil. 

lungus, Voltz. 

ferrugmosus, Voltz.. 

scmisulcatus, Miin.. 


Bopfingen, Baircuth. 

Duntlry .M.ilton. 

Duiidiy, Haute S.unn*. • 

Dimilry, Yorkshire .... We)mouth. 

StoUestieUl.Malturi. 

.Scarborough. 

Nmth of France. 

1 York shin* coast, Crim- 
1 (lershofen, Ntc. 

( North of France. ^Bo- 
{ hi aye.) 

Haute Saoiie. llaute Saone. 

Ditto. 

Hivahi.i, Bavaria .. 


fcnhclav.itus, Volts. 

sululepressus, Voltz Gumlershofen. 

aubaihmeat us,Voltz .. ... . 

brev.loimis, Volt/.. 

veutrojil.tinis, Voltz Befort, Gumlershofen. 

loiigisiilc.itus, Voltz. 

tritiflus, Wilts . 

comprimatus, Volt/ Hahluigeu. 

tenuis, Mini.Altilorl*. 

paxillosus, Schl. .. Befort, H >11. 
acuanus, Schl .... Ban/, Altilorf. 
crassus, Volt/ .... Bes.iii^on. 

Altdurf. 


(•iimlei'shofen. 

Ditto. 

Ditto, 

Ditto. 

Ditto. 


Ditto, 

f ? Hrihringcn, Mugglin. 
I gen, Hahhnge.ii 


Ditto, B.uiz, Hull. 
L) me Kegis. 


tripartitus, Schl.. . 

Kcmistriatus. Miin. 
oxyconus, llehl . . 

elong.it us. 

ineurv.itus, Helil.. H mz, Hoii. 

pyramulalis, Mini.. Hauz . 

rostr.itus, llcbl.... Ditto. 

clavalus, HI,........ i Bofl * A,nl,rr B* 

( Han/.. 

teres, Stahl.Gosh icli, Wiirtemberg. 

lirvigatus, Zicten . Hull. 
papillatuM,Aliening. Ditto, 
carinntus, llehl... Ditto, 
pygmirus, Zirtcn., Ditto. 
umsLilcatus, Hart.. Wurtemhcrg. 
biHulcfttus, Hart... Holl. 

<juailrisulcatiiH,IIart. Goppingen. 
tricanaliculatus, ) . 

Hurt..../ Slulenbcrg. 

pusilliiH, Miin...... ■ 

eformis, Miin. ... 
umhilioatim, Ml... 

eladius, Ml. 

Blainviihi, Voltz .. 

ha.tatus, Ml. 

somihastatus, Bl... 
quinque*ulcatu«,Bl. 
grand!., Schuller.. 
tumidue, Zicten... 
acuminates, Schiil. 
lubhastatus, Zicten 
bipartituM, Hart. .. 
unicanaliculatus, I 

Ilart.J 

bicanaliculutui, j 

Hart. J 


Siuiciii.erg. 


Normamly. 

Metziugen, Baireuth. 
Swabia. 

Baireuth, B&uz, Metz. 
Baireuth. 
Wiirtemlierg. 
Stufeuherg. 

Ditto. 

Ditto. 

Ditto. 

Grtibingen. 

Dourd.irf. 

Gunz*oren. 


Streitberg. 

South of Germany. 


Gcolugy 

Cli. It. 
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Geology. 
Ch. II. 


Division. Nunc. In f.ii-i. In Lower Oolite. 

Cephalopoda. Nautilus annul aria, Phil. Whitby. 

truncatua ..Kcynsnam. 

—. 

■triutim.Lyme. 

aitucoides.Y.anil B. Whitby. 

lineatui ... Yorkshire, Bath.Yorkshire,Bath,Dumlry. 

obeaua. ..Ghmcestersh Not mainly. 

simmtus .... Yeovil. 

excavates.Dorsetshire. 

hexagonus ...... 

angulusiis, D'Orh.. 

polygounlis.. Ditto. 

reticulates ....... France. 

Ammonite*. 

ISrltlsh Loialitim. 

(noup. Name. In Li>u III Oolite. 

Arietes. vis .Bucklmuli.Hath, Whitby . ....... .... 


la Middle Oolite. 


i Upper Oolite. 


Yorkshire, Oxon. 


Isle d’Aix. 


F.ilciferi, ic. 


Conybenri.Ditto, ililto . 

Turueri.Whitby, W .u.bet. 

Drookii.I.yme. 

Snuthii.Near Yeovil. 

rntilbrmis .Near Bath. 

Kiiihou, Rein. .. 

ubtiisux.Yorkshire. 

stellaris.Cynic. 

nmlticoslatus.Bath. 

Walcottii.Whitby, Bath, Lyme. 

rctleurcusis.. Rcdcar, Ymksliire. 

.Strangwuysii... 

dedans.. Yorkshire.... 

striatulus.Whitby. 

Miilgravius.Y. & B. Yorkshire...... 

Lythcnais, Y.anilB. Ditto...... 

ovatus, Y. ami H. . Ditto. 
iniiienileiiN,Y.aii(lH. Ditto, 
exarutus, Y. und B. Ditto. 
]ilnm>ibit\irmis,M'un... 

cnnalicululus, Mini.. 


Foreign Localities. 

In Lias. In Oolite. 

(Near Doiuiucschingen, 

\ Phil. 

(Maurthe, near Donau- 
( eichingon, Plul. 


Y'eovil, /. Gloucestenh. 1. 
Yeovil, /. Bath, l. 


Stuttgart. 


• North and South of 
3 Fiance, Boll, Befort, 

\ AchelUug. 

tdunilersliofcn, AlUlorr, 1 j| au(l . p., 01M? / 

l Boll ...J 

Boll, Normandy. 

Baa Khin 
Boll. 

Mcurthe. 


Bavaria. 


Murchison®.... Bridport, Hebrides . 

subnuliutus.. Bath. 

licviuscutux.Whitby coast..Dundrv- 

depressiis, Bon...Ditto, Boycux. 

fonticola, Murcli. . ... 


(Dundry, Ilniinater, 
1 Wiirtei 


Amalthoi. 


Deluci, Bgt.| 

binus, Sow.J ."" 

cuinensis, V. Buch. ..... 

Tulcifur .... | Wurtembcrg 

Solaris, Phil.... Scarborough calc grit. 

obliijuntus, Y.undB. Whitby. 

Boulbiunsia,Y. & B. Ditto. 

iugusus ..llminster, f. 

Greenovii.Lyme......... 

Loacumbii.Ditto. 

Stokesii ...... Bridport .......... 

vittutus, Phil.W'hithy. 

acutui..... .. . 


r IVus hn.iii.m Fdrsten. 
J berg,m. Bnhlingen.i/r. 
(Gundersholeii, Wis- 
\ goldiugen, Goslar. 


iTInimau, Bamberg, 
| Dives, Besanfou 
«. Ilauta Saone, m. 

Neubauscii, m. 

Ditto, m. 

I Normandy, South of 

1 l France, Wihtcmb. 


Dunkesbiihl, /. 


I Normandy. South of 
l Fiance,Wlirtemberg. 


sigmifer, Phil.. 
costulutus, Ruin 


Ditto. 


:} 

colubratus, Montf.... 

Johnstnnii ....... Watrliet. 

Clevelandicus .... Whitby coast. 

crenularis, Phil. ..Whitby, 
heterophyltus .... Whitby const. 

lenticularis, Phil... Lyme Regia. 
Bawkerensis, Y. i 

and U.!• Whitby coast 

oodulusus, Schl.. J 


Normandy .. • 

Wasscralfuigcn. 

; Waichingcn, Diinkes- 
t biihl. 


Haute Saone, Wnase- 
rulfingen. 


Woitembwg. 


Goalee. 

Ch 11. 
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Geology. 

Ch. II. 

Amaltbei 


British Localities. Foreign I-smIIi.m. 

In bias. InOnllte. IoI.ii... InOolllr. Geology. 

. ...... I From H.mdierg t 0 

.. ( Sw isserlaiul, m». 

[Yorkshire, Oxon,m. So- \ 

litshire, /... 


cristatua .Weymouth, u. 


Capricorn i 


Plannlati ........annulatus 


Nume. 

alternant!, V. Buch. 

vertebral',* .|" meriicfVhifJ, f .. Smine, in. 

quadrntus ...........Normandy, A 

excavatus.!.Oxford, m. Walton, m.. .. I N^rmaiidy..«.Aarau,/. 

t Altdorl, /. 

ilWhelle,«. Aniau, /». 

Lamberti .Portland, ... h amheig, in. WI'K- 

' M'llirmk, ?*». 

omphaloides.. Ditto, u. Hebrides, . ...Nornuind), m. 

f Il uiteS.iouc, in. Gut. 

• ... ' tenherg, in. 

t Ijerg, Ml. 

pustulatus. Rein.....Thuriiaii l wi. Coburg,»«. 

funiferus, Phil.Yorkshire, in. 

discus ..Lyme.Bedford,/. ....Spuichiugon,/. 

nodosns .. ...Scarborough. 

ftexicostntus, Phil.Ditto, rn. 

.planicostntiiH.Marston, Lyme.... liar/., Am berg. Altdorf. 

nmculutus.Whitby coast.Bahlmgen, Heligoland. 

. , *. .. . (Necloir, TlmiUitigiut. 

an B .dat.,H,Schl 1 Ditl „.J W l| ( /rs„„, 1 ,e ul S (; hip- 

angul.ferns, Phd.J l 1 

N.S.......(iiimlcrshufeii. 

scututns, V. Hindi...Hnnz, Giippiiigcn. 

natrix Scbl [Hahlingen, Bruusrode, 

f Normandy, Mende, 

« , - , ... I fii»Hana,K,nm'isUirf. 

." h,,b y . \ Ari.torf, Hull, Boldin’ 

l gen, Ban/, &c. 

haltratus, Phil. ... Ditto. 

JameKniii ..Yorkshire, Hebrides. 

brevispiim.Whitby, Hebrides. 

guguteus, Y. mid B. Whitby coast. 

wi»'. i (Solenre, Lvona, Mont 

.{ a-Ur, Wiirtcmbcrg. 

communis.Ditto. 

luigulattis.Ditto. 

crasMUs, Y. and B.. Whitby,IIimiilayanmtn. 

hiplex. 


«" J [KandeiMw. Rathsluiu- 

.. it*. I »i*n,m Stieitberg,m. 

rltos. Cromarty, V,.. 1 .4 Haute So,me, ,,,. 

I coln: ' 1, ‘ re . > [ No, mo,oh,/. 


Parkinsoni. 


Bath.Yeovil, /. 


/ TheSww*Jura/. Wns- 
/ serulfiugen/. Wisgol- 
l diiigen, Bopfmgen. 

funiculnris, V. Buch Vic. 

triplicate.Multon, m., Portland, u .{ U “"f Norramoly,'/!’’ 

t Haute Saoiie, Percy 

plicatilis .... Multon, m , Oxford, m .J le grand C 'luuupel, 

l Kandeii, in. 

polyplocus, Rein........ German Jura, rn * 

P<dy gy rut us, Re in.Donzdorf, Jlantlen, vi. ? 

comptus, Rein. ... ..... ....Don/dorf, Am berg. 

%. .. . Hale d’Aix, u. Syn- 

gtganteiis.Portland, « . { bindc, on tlwWolga 

trifidus...Oxford, m. 

•Rathshausen, tn., 

.I £££”£,.£: 

1 reuth, m. 

trifurcatus, Hein...... WUrtemberg. 

plir.omphalus, \ (Yorkshire,,,. Lincoln-1 _, 

.t ....fSkSW 

r“ ' ;w*a;"i-ra.i., 

Brownii.Dundry,’/. 1 mulhansen, /. 

lon ^ raali, > V - }.Croiicville, oi, Caen,/. 

mutabilia, Phil...Scarborough, m. 

planorbi..Wutchet. 

niteaceua, Y. and B. Whitby. 
areigoren% Phil. .. Ditto, Cheltenham. 

erugatus, Bean. .. Whitby, Cave, &c.Coregna, Do la Beche * 


near 

Gnm- 


* From the same locality Mr. Do la Beche ilgurcn A. cylindrictis, etella, Phillipsii, biformi., Liatcri ? coregnensis, Ouidoni, artirulatua, 
discretus, vvutriroaiia, comptus, entenatus, trapesoidalia. Man. of Orn/. p. 319, 

VOL. VI. *1 <i 
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Otology. ” ro,, «’- 
Ch. H- ~ .. 

k _ — v Dorsati... 


Name. 


llritish Localities 

In Lias. In Oolite. 


, annates .... Whitby, Bath. 

Dnvari Lyme,■...•n... 


Ccronarii. 


Furrijjn Ixtcalili#.. 
la Lins. In Oulite, 

/ Normandy, m., Haute 

.. ... / Saone, m. 

.. Pouilly near Aulun. 

tilmlnt.ix.Whitby. 

suharmatus.Ditto. 

Hrmliah.. Portland, «. 

.crcnatus, Hein.... Germany, m. 

Iluri.phrcsinnux.Dimitry,/. .South of France. 

Hnllcusis, Zictvii.... Hull. 

Heehii... Lyme.......Rottweil, Bahtin gen. 

enrborough,/. Sher-1 (Spaiklingen, /., Met- 

boine, /., Dumlry 


Oeol 

Ch. 


Blagdeni... 
Hrakenridgii 


her-/ /Spaiklingen, 

so'.I gr'- 


Norman* 


{ Normandy, /., Ger- 
mauy, m , Gum* 
melslwusen, »>. 

Vernoni, Bean...Scarborough,m.Brora,m. 

contractus...Duudry, /. ..... Normandy, /. 

dukiiis, Schl..'..{ G Thur. 1 .au ft, r‘ n ' '' 

Oowerian..../Scarborough, m. Cro- 

( arty, in. 

Birrhii...Ditto ...... 


Macrocejihali.... .tumulus 


...Mczieres. 

s, Rein.| Aar.... w., Coburg,™. 

i v .tcm*s Noiivs, m. 

SSS&tei) . 1m**«*m*. . |“SlS:r 

Bi.tiim.iu /Wiltshire, in., York-/ ( Near R.iudcn ,m , near 

1 .../ ghire, ./ ...| Yillingen, in. 

modioluris, Smith. ..Bath, /. 

/Wiltshire, /., Ij.icol..-/ [Wurtomhcrg,/., flava- 

J . t shire,/., Yorkshire,/./ .. / ri.i,/.,Sn isserliiml,/. 

ter.‘hiatus, Phil.Yorkshire, /. 

Runksii.Sherburne, /.Basle, /. 

Brochii...Duudry,/. ... Haute Saone, /. 

Gcnilhi. Nnrnmmly, /. 

H. ougniurti.You.it, /..Ditto,/. 

M.)>caimatus,Y.AB. Whitby. 

/Near Banz. m., near 

Armali...eTnnn.it us .Yorkshire,/., Oxford,/..< Niirubeig, mi, Ran. 

* I 'len, in., Normandy, 

I • V Ml, 

longispmux. 

catena.... Berkshire, m. 

tunn.i;it.is t \ Zieten. 

i.thlcta, Phil...Yorkshire, mi. 

Ziplius, Held. 

Willunismii, Pl.il...Ditto, in ... 

Bnkcri.e..... 

b.irons, Phil...Scarborough, in. 

Inuig.itus.Lyme Regis. 

Birclni.Lyme ... ..... Gbppingon. 

Dentati.Jason, Rein./ (LifoUepetit.Gammels- 

i'allovicnsis, Sow. • . \ h “" I wn - ' < Bel °- 

l Hetzk nca 

.. 

I. ylas, Rein. 

n,inm.,„i /Scarborough, m. St./ /Normandy, in., Haute 

.t Neot's, m ././ Saone. m. 

Ornati.A. Pollux, Rein. I Normandy, Gos- 

/ lar, hi., riiurnuu, in. 

gemmutiis. Pt.il...Scarborough, in. 

spinosus, Sow. .....Weymouth, m. 

castor, Rein. 

pustulatus, Rein........ Coburg, Thuri.au. 

Fhsuosi. , .flexuosus, MU,..{ Alon « *J» &*- 

’ I man Jura, mi. 

asper .Neufchatel, n. 

ocutatus, Phil.Yorkshire, m. 


(GeseliielHi bei Berlin.) 
Norn.und}', in. 


: near Orenburg. 
KUigscrbriuk, »i. 


Unarranged Foreign Species. 

A. granulates, Bt..... 

Reinech’u, Holt....... 

gigas, Zictun. 

Sowerhii, Moll. ... .....Dundry, /. 

Deslongchampii, / 

Buhl. ./ . 

vulgaris, Bob)...... 

corrugates, S.. m,.. Dundry. .. 


Coburg, m. 
Ditto. 


North of France, /. 

Ditto. 

Ditto. 
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Family Noma i 11 GwalWI*'. Fineimi 1 ..h-iilitioa. 

family. «ojm. In Llaa. In Oolites. InUa.. In Oolite,. 

CuphnlojKiili A. interruptus, Scht. ■ ..... ..If mite Smiim, tn, 

decoratug, Ziet.Gutteuberg, /. 

bipurtitun, Ziet, .... Ditto. 

hiiqmiosui, /nit. ,...... Wussorulfuigon, / 

Scaphites refructus.Reiii. • •.... ..-.. (lainniehliaiison, /. 

Yoanuii.Basses Alpes. 

Hamites annulatus,I)ciih.Fruiter. 

' Miin. .. ...* ...Huhcnsteiii, Thurn.'iii. 

Turritcs Bubili, Bt... North of France. 

Onychotciithis uncus-) ,, , , 

ta, Miin...... f.Sulouhoton. 

Loligo prise ns, Uilppcll.Ditto. 

antiqua, Miin. ......Ditto. 

Sepia hastacfonnis, Rupp...-.Ditto. 

.....Lyme Hegis. 

Rhynculites. ....Lyme, Ruth. 

Avnl’Uio*. 


Gsology. 
Ch. IT. 


Nanii\ 

Vermicularia conciiimi, Phil. . 
comprcssu, Y. anil IJ. . 

Liar. fiiiwpr Goliic. 

i. 

ovuta. 

nodus . 

i 

Serpula capitata, Phil. 

. K. Hot id's iJiiy, Yorkshire. 



quaihaln . 


tridiigiilata . 

tetragon a. 

rimcinat.i . 



M iilrlln Oolite. 

Se.ii! ■vuiigh. 


Ditto. 

Ditto. 

Ditto. 

Kholover, Oxon. 


N. B. Gobi fuss ( Pelnfuctenkunde ) has figured anil tlescribed forty-two species of serptila from the oolitic 
system of Germany ami France. According to Von Dcchen their Geological relations are as under:— 

From the Lias. Serpula iiluria, G.Gncfeubcrg 


Serpula tiirrist.ita, (Jnhlf. .Buna. 

quinqucrristuta, Mull. ... Ditto. 

circinalis, Miin.Ditto. 

quinqticimlratu, Mill). ... Baireuth. 
complanatu.Ditto. 

From the Lower Oolites. 

liinax, G.Baireuth. 

lituiforims, Mini.Ditto. 

cupituta, G. ...Sheitberg. 

limata, Miin.Ditto. 

plicutilis, Man.Grreferiberg. 

spiroliuites, Miin. ..Streitlierg. 

tricariuatu, G.Hahrnstein. 

pieutacona, G.Streitlierg. 

quadrilatera, G. ..H ibenstein. 

quadristriata, G.Birraih. t Huiguinly.) 

canaliculata, Miin.Streitherg. 

volubilis. Mini.Habensten). 

cingulata, Mini.Streitberg. 

substriuta, Mini..liabeiistriu. 

tlaccida, G. ..ltubcnsteiii, Alsace. 


aociuhs, G. 

,.. Havana, Swahui. 

From the U pper Oolites. 



Conformis, (J.. 

. lhix. wetler. 

delphimilu, G. 

..Streitherg, Tlnirnau. 

gihhnsa, G. 

.. Miiggeudorf. 

noihilomi, G . 

. .Str*fitlk.rg. 

quini|iiaiigul.iri.N, (*. 

.. Normandy. 

pruliieia. (i. 

. . Shvilberg. 

plunorbiforims, M. . . 

.. Ditto, Thiiriiau. 

troehlcuta, M . 

.. Stiviibeg. 

niacrocephalu, M. ... 

. .TluiriMii. 

huiicit'ormis, (*. .... 

.. Neuloh.itol, 11 auto Hivo. 

quadrat riut.i, (i. 

,. Amlicrg. 

convolul.T, M. 

. .Stieilbeig, Baireuth, (sc. 

Dc*ha\t*Mi . 

. .Streitberg. 

bpiralis, A1. 

.. Muggoiid. Nutth. Ileidcnh. 

flagellum, M . 

. .Slreitbeig. 

gorduilih. St Id ...... 

,. Nutth. Meuleiih. Hnxvredvr. 

u iter co] »t a, li . 

. .Shell berg. (*uhnh.ich. 

Ilium. G. .. 

,. Slmik’ig, Tliiirn.ui. 


Nn ntt* 

Astacus longiitiiiinis Kionig. . Lyme. 

rostratus. Phil. 

mills, l*tiil. MS,. 

scabrosus, Phil. MS.. 

New genus ?-Phil. MS. 

Cancer . 

The following are from Solenltofen:— 

Astacus spinimunuH, Germ, 
leptmliidylus, Germ, 
luodestiformis, Holt, 
minutiis, Hull, 
fuciformis, Holt. 
Pagurus mysticus, Germ. 
Bcyilarus dubius, IIoll. 
Eryon Cuvieri, Desm. 


Crustacea. 

I.illH. l.f.Ut l I'llitr-. Mltlil).* Oiillti 1 

.Scarborough. .Scat borough, Malt on 

. Ditto. 

....... Mahon. 


...... Scarborough. 

.... Malton. 

Eryon Schlotthcimii, Hull, 
acutus, Uerm. 
lnutieiis, Germ, 
spiiiiinunus, Germ. 

Mecochyrus lucusta. 

Palsimon spinipes, Dcm. 
squi Uurius, Dem. 

Wulchii. Moil. 


Insects. 

Traces of Insects occur at Slonesiield, and very line specimens of libellulida: and hyincnoptcra at Solenhofen. 

4 q '& 
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Ch. II. 


IIeI’TILIA. 


This list is principally taken from Von Meyer’s Paltcologica and De la Beetle's Manval. 


Family of Sauriant. 

Pterodactylus macronyx, Buckl. . 

longirostris, Cuv.. 

brevirostris, Cuv. 

grandis, Cuv. . 

Biickleinli, Von Meyer . 

crassirostris, Goldf. . 

mediua, Miin. 

Munsteri, Goldf.. 

Crocodilus cylinilrirostris, Cuv..... 

priscus, Sue in. 

Altdorfunsis, Cuv. ............. 

GeofTroyi, Von Meyer .. 

Of Mans, Cuv...... 

undetermined species. 

Telensaurus Cadomensis, G. St. II. ..., 
Geosaurus Bollensis, Jicg. 

Sucinmeringii ... 

Mcgalosaurus Bucklandi . 


Lacerta Neptunia, Goldf. ... 

lguanudun Mantelli, Vou Meyer.. 

Iiylicosaiiriia -, Mantell. 

Pleumsaurua, Goldf, Von Meyer. 

Rhocheosaurus gracilis, Von Meyer. 

Family Enaltomuri, Conyb. 

Ichthyosaurus communis, Do la B. and C. 

tenuirostris, IX- la B. anil C. 

platyodon, De la B. and C. ...... 

uitermedius, De la B. and C. 

grandipes, Sharpe . 

coniformis, Haitian . 

other a|iecies .. 

Plesiosaurus dolirhodeiriis, Conyb,. 

recentior, Couyb. 

curinatus, Conyb. 

peutagonus, Cuv. 

trigonus ? Cuv. 

macrocephalus, Conyb. 

new species, Hawkins..... 

Family Chelonia. 

Kinys, Mantell.. 

Chelonia of Gluris, Cuv. 

others... 


.. In lias, Lyme Regis. 

.. In slaty limestone, Kichstadt. 

.. Ditto, ditto. 

.. Ditto, Solenhofen. 

.. Lower oolite, Stonesfield. 

.. In slaty limestone, Solenhofen. 

.. In oolite, Manheiin. 

.. Ditto. 

,, In lias, Altdorf 
.. In oolite, Maitheim. 

.. In lias, Altdorf; in Kimtneridge clay, Honfleur, Havre. 

.. In Kinnneridge clay, Honfleur, Havre. 

.. In oolite ? 

( In lias of Yorkshire, Lyme Regis: in cornbrash, Northamptonshire, Stonesfield 
t slate, and coralline oolite of Yorkshire. 

,. In oolite, Caen. 

.. In lias, Boll. 

.. In sluty limestone, Solenhofen. 

.. In Stonesfield slate. 

.. In oolite, Normandy. 

. Manheiin. 

..In the YVealilen formation, Tilgate. 

., Ditto, ditto. 

.. In slaty limestone, Solenhofen. 

.. Ditto, ditto. 

.. I n lias, Lyme, Yorkshire, Boll, Ac. 

.. Ditto, ditto. 

.. Ditto, Lyme, Boll, 

.. Ditto, ditto. 

.. In lias. 

.. Ditto, Bath. 

.. In the lias und Kimmcridge clay. 

.. In lias, Dorsetshire, &c. 

.. In Kimmeridge clay, Ragland, Normandy. 

,. In oolite, Boulogne. 

.. Ditto, Ballow, Cliaufour. 

.. Ditto, Calvados. 

.. In lias, Lyme Regis. 

.. Ditto, Somersetshire. 

.. In the YVealilen, Sussex, Jura, Solenhofen, 

.. In lias, Plattenburg in Claris. 

,. Stonesfield, Susses, Solenhofen. 


Geology. 
Ch. 11. 


Didelphis Bticklandi, Brodcrip 


Mamma.ua. 

In Stonesfield slate. Four specimens of the lower jaw exist. They are in the 
cabinets of Dr. Buekland, Mr. YV. J. Hroderip, M. C. Prevent, ami the York¬ 
shire Philosophical Society. The latter specimen was obtained from Stonea- 
field by Mr. Platt, and by him trausferre d to Sir Christopher Sykes, Bart., 
in whose collect ion, now the property of the Rev. C. Sykes, it was discovered 
by the writer of these pages. 


PlSCBS. 


Name. 


British Localities. 

I n Mu. In Oolites. 


Foreign Localities. 

In Liu. In Oolites, 


Urteus graeiUs, Agassiz .... 

Sauropsii latus, Ag. 

Ptycholepis Bollensis, Ag.... 

SemionotiiH leptocephalus, Ag... 

Lepidotes gigas, A g. .. 

frondusus, Ag. 

uniat us, Ag. 

Leptolepis Bronnii, Ag. 

Jirgcri, Ag . 

longue, Ag... 

Tetragouolepis heteroderma, Ag. 

semiciuctus, Broun. 

pholiilotus, Ag. ....... ... 

Trnillii, Ag.England. 

altivelis Ag.. 

Dapedium politum, De la Beche Lyme Regis, &c. 

Fish teeth and palates ....... Ditto, Bath, Ac. 

Ichtliyocopros.Lyme.. 

Undescribed fishes.. Barrow, Whitby 


YVurtemberg. 

Ditto. 

Boll. 

Zell, near Boll. 
Ohmdern, near Boll. 
Zell. 

YVurtemberg. 

Near Donauescliingen. 
Zell. 

Ditto. 

Ditto. 


Ditto. 

South of Germany ? 
Ditto ? 


Yorkshire, m. Bath, I. 
Oxfordshire, I. 


Portland, u. Ac. 


Normandy, I. 
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Geology. The following are from the metamorphic Has of 
Ch , Glarus formerly called greywacke slate. 

J— T ~ Zeua Regleysianns, Bl. 

platissn, Bl. 
spiuosus, Bl. 

Palmorhynchutn Glarisianum. 

('lopes Seheuchzeri, Bl. 
clongnta, Bl. 
megaptera, Bl. 

Ancachelum Glarisianum, Bl. 

The following are from the lithographic limestone of 
Solenhofen, Pappenheim, Manlieim, and Eichstedt. 

• Clnpra enrrasicRoloiiles, Germ, 

dubia, Bl. 

Knnrrii, Bl. 

Salmnnea, Bl. 

Davuli'i, Bl. 

Pieeilea iluliia, Bl.Anspach ? 

Atherina Bavarica, Germ. 

Ksox avirostria, Germ, 
acutirostris, Bl. 

Stromatens hexagunus, Germ. 

Irlithyolithus esoriformis, Germ, 
luciifurmis, Germ, 

Ami species supposed to belong to cyprinus ? pcrca ? srpialus, 
zeus ? chirlodon ? spams. 


General Summary. 


Plants marine. 4 

terrestrial cryptogamons. 39 
gyinnosjHTimmN ... 33< 
monocotyledonous,&c. 41 


These occur in the limestones. 

These ure found in the sand¬ 
stones ami coal shales. The 
coal is principally composed 
of eijuiseta. 


Polyparid fibrous.... 

75 

Conehifera hrachiopmla.. 

til 

coiticifmuM anti) 


MuUuncu gANtrropuda ... 

114 

ci'Uiiliicrous . J 

r 

cephalopoda ... 

273 

lumelliferous ... 

59 

Annulusa. 

55 


31 


2‘2 


7 



cchinitlu . 

47 

Fishes .... 

40 

Uonchifera plagymyona . 

189 

Reptiles. 1 .. 

40 

mesomyona .... 

134 

Mammalia ..... 

1 


Total number of species. 1272 


It is impossible to close this extensive catalogue of 
the plants and animal remains of the oolitic period with¬ 
out acknowledging the great value of Mr. De la Beetle's 
laborious investigations in this yet inexhausted field. In 
the German translation of his Manual of Geology, for 
which we are indebted to M. Von Dechen, are many 
important additions and improvements. 


Mineral 

character. 


Cretaceous Sysletn. 

That a peculiar type, of mineralogical character, be¬ 
longs to each system of formations, must have been suffi¬ 
ciently evident through the whole course of our inves¬ 
tigation, The gneiss and mica slate system, the clay 
slate system, the limestones of the carboniferous system, 
the coloured marls and magnesian limestones of the 
saliferous system, the oolites, are all resting points for the 
mind, and amidst a multitude of shades and gradations, 
strongly impress upon us the distinctive features of the 
several periods of time at which these so different rocks 
were in a predominant degree produced. 

Mineral characters alone, when rightly used, are in 
many instances sufficient to determine the Geological 
relations of even distant regions; and when conjoined 
with the evidence of organic remains, and controlled 
by careful survey of the strata above and below, they 
form a secure groundwork for topographical Geology. 

The cretaceous system is equally definite as any of the 
others with respect to the distinctness of its prevailing 


mineral ingredients, and not less characteristically marked 
by peculiar marine exuvite. Cjr.dk anil green sands . j _‘ - _ . 

are terms understood by nil the Geologists of Noithem 
Europe; and even on the Southern side of the Alps 
their representatives may be recognised. 

Through England, the ranges of chalk hills form a S'lrfure of 
geographical feature even more important than that ol c, "" ,lr y- 
the oolites; for though in general not so elevated, (tiey 
are less interrupted and more extensive, more uniform 
in composition, and therefore more identical in aspect. 

The chalk hills form the first great ridge which is to he 
crossed from the Eastern side of the Island, and nothing 
can be more remarkable or instructive than such a jour¬ 
ney. On approaching these broad hills from the level 
or gently undulated plains of the Eusli-in Counties, or 
the clay vales of the oolite system, the country changes 
entirely. The streams rim in smoothly sloping valleys, 
the hills rise with beautiful swells into a long waving 
outline, seldom broken liy a tree, but oflen capped hv 
an ancient tumulus. Arrived on the summit, vve behold 
a mighty extent of broadly undulated land with abun¬ 
dance of depasturing cattle, hut few habitations of men. 

A variety of plants, eminently characteristic of calca¬ 
reous soil, force themselves on tile attention ; flints 
abound in the fields, chalk is cut through in the roads, 
the soil is thin, the herbage short, the surface dry, and 
vve feel ourselves in a new physical region. 

This impression is confirmed when we observe more 
carefully the numerous undulutions upon (lie surface of 
the “wolds;" for all these inay be traced inloeoimeetioii 
as so many ramifications of greater valleys, which them¬ 
selves often unite, and pursue a considerable course 
without enclosing even the smallest rill, or showing 
even the mark of a watercourse. These diy valleys 
descend from their origin in regular slopes, and are 
clearly the work of water, operating with great force, 
and for some time, but in the present system of Nuture 
the watery agent has wholly disappeared. 

The rains are absorbed as fast as they fall upon this 
dry surface, and sink to considerable depths in the rock, 
where they are treasured up in reservoirs to supply the 
deep wells and the constant springs which issue at lower 
levels. 

In a word, broad, swelling bills, smooth, winding, often 
dry valleys, and a bare dry, grassy, surface, arc the ge¬ 
neral features of the chalky districts. 

This character of surface belongs, as Dr. Lister re¬ 
marked long ago, to the chalk wolds of Yorkshire, Lin¬ 
colnshire, Norfolk, Suffolk, Berks, Wilts.Dorset, Damp 
shire, Surrey, Kent, and Sussex. 

The cretaceous system forms properly lint one forma- Groups of 
lion. Supposing the whole to he present in a single the system, 
section, we should have the following general series. 

if. Upper chalk, with abundance of flints in layers 
r ,. I and nodules, 

i ubik group, j j,„ wer chulUi witJl few,., flints. 

(</. ('hulk marl, or tnitlni. 

n , I c. Upper green sand, malm rock, or firestone, 

unsen sana i k Gllult duy _ 

g ,uu P- l Um looter green sand or iron sand. 

d and c are sometimes iindistingiiisliahle. The lower 
green sand generally forms a distinct ridge, which may 
even exceed the dialk in height. 

The complete system here presented occurs in many 
parts of Kent. Sussex, and Hampshire, hut generally in 
other parts of England the sections are modified, so as 
to present only purtial assemblages of the beds, some- 
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Geology, times one, sometimes another being deficient; and with 
Ch. II. respect to the malm roq|^ great differences being observa- 
ble. Thus, in Wiltshire, where Mr. Smith took the 
type of this formation, we have the upper green sand 
remarkably developed ; the lower one and the gault are 
contracted. 


Chalk upper 1 . soo fw)f 

lower J 

Chalk marl. 100 

r. Green, grey, and yellow baud. 1-0 

Gault. 50 

Lower green aaml. 30 


Along the line of clmlk hills from the valley of the 
Thames to Lynn, the upper green sand is almost lost 
in the chalk marl and gault; green grains being mixed 
with the former, and still more in the upper layers of 
the latter. In Bedfordshire, the chalk marl produces 
a bed of silicious, chalky stone, which may probably be 
analogous to (lie firestone of Mesterham in Surrey, 
which is determined to belong to the upper green sand 
series. Indeed, the sections along this part of the 
chalk range are very similar to those of Sussex and 
Kent. 

In Lincolnshire wc meet with a new feature, a band 
of red chalk; at the base of that, thick rock; under this 
no upper green sand, and generally no gault, but the 
chalk rests upon a thick series of greenish and ferru¬ 
ginous sands, with included beds of sandy limestone, 
full of fossils resembling those of the lower green sand 
of Kent. This country has been very budly represented 
in all our maps. 

In Yorkshire, the cretaceous system consists of 

Upper chalk. 

Lower chalk and traces of chalk tnarl. 

lted band of chalk. 

(ianlt with green grains passing downwards into 
Kiminoridgeday, without the intervention of the lower 
green sand. 

From several recent researches abroad it has been 
thought that the chalk group of England ami France 
is imperfect in the upper terms, and that the well-known 
Maeslrieht beds, and the recently investigated Gosau 
bed*, appear to soften the transition from the chalk to the 
true tertiary strata. If Mr. Webster’s observation of a 
supercvetaceous marl in the Isle of Wight belong to this 
era, analogous deposits are not absolutely wanting in 
England. Wc shall now trace the history of these 
several memliers of the green saml and chalk groups, 
beginning ns usual with the lowest. 

The lower In Lincolnshire, the lower green sand is a consider- 
green able mass of yellow, often very irony sand, forming, tn- 
sanil r, n ' vun ' 1 * lt> West, poor heaths upon the Kimnicridgc clay, 
Shaiiktin exactly like those about Lynn, Ampthill, and Godstono. 
■and*, Sc.) it contains a good deal of bad ochre, very similar to 
thut of Sholover Hill,and lines of oxydeof iron like (hut 
of Rycgate. Beds of grey stone, blue within, flat- 
bedded, sandy, and full of fossils, lie in it, and afford 
excellent road materials. These are dug at Tealby, 
Market Sluinton, Ludlbrd, Gawkwell, Blustouc Heath, 
Stainton in the Hole, &c. It has considerable resem¬ 
blance to the Kentish rag, and contains exogyra sinuosa, 
pecten cinctus,plagiostoinata, serpulic,ammonites,alcyo- 
niforin bodies, small corals, and many other fossils ; but 
echini and belcmnitcs appear unknown in it. From 
these details it is evident that the stratum boa all the 
most decided characters of lower green sand. It is 
exposed by denudations in the chalk, and also ranges on 


the West of the wolds for a great length by Rasen, Les- Geology, 
sington, Linvvood, Ac. to Louth. The whole thickness c,t “• 
is probably 100 feet. These notices are partly derived 
from personal observation in 1821, but principally from 
a special visit to the district in 1833 with two friends, 

Messrs. Dikes and Lee of Hull, who have fully ex¬ 
plored it. 

As usual in coloured sands, this stratum often contains 
veins of perfectly white sand. At Lynn this has been 
found of value for the glass-houses. In Cambridgeshire 
and through Huntingdonshire, the iron sand forms a 
narrow course of low hills, but through Bedfordshire 
and Buckinghamshire it lakes a commanding station, 
forming heathy ridges from Potion to Woburn, and 
through Buckinghamshire and Oxfordshire, capping 
Bricklnll and Hi ill Hills, Shotover Hill, Cmnnor Hurst, 
and FaringdonClump. In Wiltshire, Spy Park, Bowood, 

Seem! Hill, are capped by these beds, but they are sup¬ 
posed to thin out to the South, anil to be lost, until in 
Blackdowu they are probably associated with the upper 
green sand. In the Isle of Purbeck and the Isle of 
Wight it is an important rock, anil, as observed before, 
encircles the whole of the Wcaldeii formation of Kent 
and Sussex. 

Through the whole of its range from Cambridgeshire 
into Wiltshire it is a highly ferruginous sand, with 
spheroidal or merely irregular concretions of oxjde of 
iron, frequently enclosing a coarse brown ochre. At 
Shotover, the fine yellow ochre forms two irregular beds, 
separated by a thin parting of clay. Fuller’s earth also 
occurs in it in layers in Bedfordshire, especially at Wo¬ 
burn. Grains of green sand abound in some layers of 
these beds in Bedfordshire and Buckinghamshire, and 
constitute it a real green sand Chert layers also are 
formed in it, and many of the beds assume the aspect of 
coarse conglomerate, used by the ancient Britons for the 
making of quern stones or rurslones. whence Mr. Smith 
gave this name as a svnouytne of the iron sand. Fossil 
wood is frequent in these beds. In Bedfordshire its 
thickness may be stated at 100 feet; in Wiltshire Mr. 
Lonsdale finds it 30. 

In the Isle of Purbeck, the iron sand consists of many 
beds of qnartzosc conglomerate, and of coarse and fine 
grained sandstones, containing beds of wood coal. In 
the Isle of Wight, dark red ferruginous sandstones in 
the upper part, and alternations of red and yellow ferru¬ 
ginous sands and clays in the lower part, form the 
substance of all the Southern half of the Island, and 
contribute much to the beauty of the scenery of the 
U ndercliff. 

In its long course around the Wealds of Kent and 
Sussex, the lower green sand presents, with the general 
characters noticed above, some local peculiarities of in¬ 
terest. In Leith Hill, its extended plateau makes a 
commanding feature, and shows a great thickness of 
brown sands, with abundance of chert, with confluent 
grains passing into chalcedony, and some alcyonites like 
those of the Isle of Wight. 

The importance of the lower green sand as a geo¬ 
graphical feature diminishes as it proceeds round the 
South side of the Weald, but the Is orthern range is 
generally elevated and remarkably continuous by Rye- 
gate, Nutfield, and Maidstone to Hythe and Folkstone. 

At Ryegate it is almost exactly like the ferruginous rock 
of Woburn; at Nutfield it produces beds of fuller’s 
earth; from Maidstone to Hythe and Folkstone the 
sands arc in general remarkably, and even excessively, 








11 E O L O G Y. 


665 


Geology, rich in green grains and nudities, and contain beds of 
Ch. li. whitish limestone, sometimes chalky aud often cherty, 
•‘•V*"**'' with green grains, considerably rich in ammonites, troehi, 
cardia, pectens, lotralire, exogyraj, echinites, and oilier 
fossils. These beds may be generally called Kentish 
rag. Some of them are of a durk grey colour, very hard, 
full of green grains, and rich in many fossils, some of 
which are usually found in the upper green sand. The 
cherty beds of Leith Hill aud Haslemere are probably 
the representatives of these ealeareo-silicious layers. 

Some of the beds of lower green sand alsrnt Folk- 
stone are excessively coarse in the grain, and absolutely 
crammed with green grains and nodules. The large 
species of exogvra is very frequent, aud appears charac¬ 
teristic. The liluc marl or gault rests immediately on 
the sandy beds. 

The gault The gault or golt is an argillaceous memberof the green 
"s^n^Blu saml group, of great interest to the Conchtilonist, since 
* Marl of hi Kent, Surrey, Sussex, Wiltshire. Cambridgeshire, and 
Tetswiirth Yorkshire, it yields a most rich supply of molluscous re- 
nml Folk- mains, many of them minute aud of the greatest beauty, 
.-.tune. Mica- j t accompanies the lower green sand around the whole 
earth district of the Weald, separates the upper and lower green 
Smith.) «and in the Isles of Wight and I’urlicek, and follows with 
the same relations the range of the green iron saml 
through Wilt* and Berks, Buckinghamshire and Bedford¬ 
shire,mid Cambridgeshire,and appears in Yorkshire with¬ 
out either upper or lower green sands immediately below 
the' chalk. Its average thickness may be fairly esti¬ 
mated at JOG feet, ami it universally forms a character¬ 
istic narrow valley under the chalk. No remarkable 
peculiarity of inineralogicul aspect or chemical composi¬ 
tion distinguishes tile gault, except a general tendency to 
admit green grains into its more sandy portions. It 
produces a capital brick earth fit fur white bricks, in 
the midland Counties. It is oflen of a very dark blue, 
but sometimes of a light grey colour. Near Folkktonc 
it contains in the lower part a remarkable layer of small, 
irregular, ironstone nodules, every one of which is 
formed round an ammonite. A similar layer contuins 
similar ammonites at Steppingley Park, Bedfordshire. 
At Speeton in Yorkshire oval nodules of similar nature 
generally enclose small specimens of astacus. Small 
belemnites, handles, ammonites, nucuhe, striated terebru- 
tulre, scrpulre, &c. abound in the gault, and serve admi¬ 
rably to complete the catalogues of fossils of the creta¬ 
ceous system. 

The upper The upper green sand was first examined in Wiltshire, 
gieeii saml where it consists of green, grey, and irony sands, immedi¬ 
ately subjacent to the chalk, and affording passages for 
the collected water of that thick deposit downward to the 
gault. The green grains there assumed to lie character¬ 
istic of these strata are now known to occur in older 
sands, (in calcareous grit, for instance,) and in much 
more recent beds, (as above the chalk frequently,} yet still 
the greenness of the sands immediately below chalk is a 
curious general fact. They are, however, quite as often 
grey or even whitish, with a remarkable tendency in the 
grains to coalesce into meagre sandstone, sandy chert, and 
at length semitransparent and chulcedouic chert. These 
effects are particularly to be observed among specimens 
of the sponges, and so called alcyonia, which abound iu 
the green sand group. It is easy to understand how so 
variable a mass of sands placed immediately below the 
chalk, and clearly in many places (as at Havre) gra¬ 
duating into that calcareous rock, should in several in¬ 
stances become so cretaceous as to be hardly distinguish¬ 


able from the chalk itself. This happens in Bedford- Wndogy- 
shire, where the Tiitlenlioe stupe appears to he the 
representative ot the upper green saml, in Surrey at -l 
Mcrstham, in Dorsetshire at Beer. Round the Weald 
of Surrey anil Sussex, the malm rock, which is certainly 
coeval with the Wiltshire green sand, (Murchison,) 
uud also with the Merstliuni firestone, occasionally shows 
many green grains, and at Beechv Bead (Mantel!) 
changes to nearly the ordinary type of the green sand 
of Wiltshire. From these considerations we are lully 
justified in regarding the upper green sand as intimately 
connected with the lower commonly argillaceous pait of 
the chalk, just as the calcareous grit is with the coralline 
oolite, and the calciferous sand with the inferior oolite. 

In particular places, mechanical causes gave a predomi¬ 
nance to its sandy character, and in others the abun¬ 
dance of organic exuviae impressed it with u particular 
zoological type. This mode of viewing it exactly ac¬ 
cords with its general character through France, where 
it is associated with the lower argillaceous chalk under 
the title of g/au non it: crayruxr. According to this clas¬ 
sification, the upper green saud or firestone beds form 
a nearly continuous base for the chalk from Lynn to 
Dorsetshire, ami round the whole of the Weald of 
Kent and Sussex,yielding organic remains at intervals. 

Chalk murl may be viewed as the next step in the gra- C'lmlk murl. 
dation of changes by which we are conducted from the 
green sand system to the true cretaceous type. It is, in 
tact, an argillaceous chalk, holding variable quantities of 
elay aud saml, superimposed upon the green sand or 
malm rock, and gradually changing upwards to the lower 
chalk. It is, perhaps, observable on (lie Western slopes 
of tlie Yoikshire wolds above the red (hulk, but is dis¬ 
tinctly traceable below nearly the whole range of the 
chalk hills from Lynn to Dorsetshire, and round the 
whole of the Weald, every where closely associated with, 
and indeed hardly separable from, the malm rock or 
firestone, and olten enclosing, as near Woburn and 
Folkstoue, green grains and fossils of the true upper 
green sand. 

Were it not thut all such classifications are arbitraly, 
and only locally exact or valuable, we might conve¬ 
niently group together the upper green sand and chalk 
marl divisions, and thus rank together the greatest 
part of the lower fossililerous beds of the chalk, which, 
occasionally argillaceous, stony, or sandy, ap|iear very 
generally interposed between the true eluilk and the 
continuous lower green saml. 

In England, generally, the lower half of the thick wower 
mass of chalk is harder, more jointed, and less divided chalk, 
by layers rl Hint nodules than the upper part. It is 
often of a greyer colour, anti, to u certain extent, dis¬ 
tinguishable by a different suite of organic remains. I n 
particular, it appears to contain very lew of the stellerida, 
crinoidea, or cchinida, not bo many belemnites or tere- 
bratulre, but, on the contrary, yields more ammonites, 
some handles, trochites, and other fossils approaching 
to those of the green sand group below. But the mine- 
ralogicul character of the lower part of the chalk is liable 
to grent variations. In Yorkshire, three-fourths of the 
whole inass arc hard, and t lie lower portions are as much 
traversed by layers of Unit nodules, ut pretty regular 
distances, as the upper parte. In the Dover cliffs, beds 
of soft cretaceous marl divide the clialk without flints 
into two portions, the upjier one yellowish, fiord, and 
containing numerous thiii beds of organic remains, the 
lower one winter, softer, often gritty at the top, en- 



656 


GEOLOGY. 


dosing masses of pyrites, but few organic remains. 

' '■ (VV. Phillips, in Geology of England and Wale*.) 

The upper chalk is usually recognised in England by 
its whiteness, softness, numerous layers of flints at in¬ 
tervals of (our to six feet, and abundance of zoophytic re¬ 
mains. Sponges of many kinds, small lamelliferous 
corals, millepores, crinoidea, stellerida, echinida of very 
remarkable form, large inoccrami, l>elemnites, and abun- 
danec of lerebrutulas are the most frequent of its nume¬ 
rous fossils. The layers of flint nodules are exceedingly 
interesting, and throw light upon the mode oflormutiun 
of the chalk. They are always found in the planes of 
stratification, generally irregular in figure, black or grey 
within, with traces of spongilerous bodies, shells, echini, 
or other organic bodies. The external crust is usually 
white and silicious. The sponges also are often quite 
white and silicious, and lodged in a cavity, left by the de¬ 
cay of part of their substance. The crusts of echini are 
usually, even when enveloped in flint, converted to cal¬ 
careous spar, and belemnites retain their original ra¬ 
diated structure. Occasionally, as at Sudbury, the flint 
occurs in thin layers parallel to tile stratification. 

It seems probable ihut in the formation of the chalk 
from the decomposition of the sea-water then holding 
lime and silica in solution, the carbonate of lime and 
silica fell to the bottom together, in quantities sufficient 
on each occasion to constitute a bed of chalk anil flint, 
and that the latter substance was especially attracted 
by tin: organic remains then lying on or beneath the 
beds, so as to collect round the sponges, echini, Ac., 
exactly as the oolitic matter has been collected round shells, 
the lias limestone round ammonites, the carbonate of iron 
round ferns, Ac. Analogous cases occur in the spon- 
giferons cherts of the Portland oolite and coralline oolite, 
and we might perhaps venture to extend the same mode 
of reasoning to the case of chert nodules in carboniferous 
limestone, for these often (not so generally as in the 
case of flint) contain organic remains. 

Pyrites is generally plentiful in the upper chalk, 
variously crystallized, and is not (infrequently associated 
with silica in the sponges which lie in chalk. It is in 
these eases generally decomposed into brown oxide of 
iron. 

Flints are very often split or cracked in their native 
repositories, as if by contraction of the mass, and this 
sometimes, but less frequently, happens, when organic 
remains of a solid kind are enclosed in them. The 
most remarkable cases of this nature are described by 
Mr. Webster, in the dislocated upper strula of chalk in 
the Isle of Wight. All the flints in the layers which 
alternule with chalk, are found broken in every direction 
into pieces of every size, which remain in their relative 
places enclosed within the cell of chalk, and showing 
no other signs of fracture than a fine line, as in shivered 
glass. On being removed from their place the flints 
fall into many pieces. This singular fact seems con¬ 
nected with the disturbances of the chalk, and may, 
perhaps, be due to the violence of the tremour then im¬ 
pressed upon the muss, a tremour which might shiver 
elastic flint, (especially if, like u llupert’s drop, its parti¬ 
cles had been previously in a state of tension,) but leave 
the chalk unaffected. 

Mr. Webster’s account of a bed of argillaceous chalk 
or marl in the Isle of Wight, above the chalk with 
flints, seems to be the only indication of a transition or 
gradution of deposits between the chalk and the ter¬ 
tiary beds yet clearly observed in England. The marl 


dug on the Sussex Downs, as well as that in Hertford- Geology, 
shire and Norfolk, may, perhaps, be related to it. Ch. II. 

Range of the. Cretaceous System out of England. 

The principal range of the cretaceous rocks is in¬ 
cluded within the general boundaries of the European 
basin, and it is probably not at ail less extensive than 
the oolitic system, though by the diffusion of fertiary 
rocks above it, its course in large tracts of country is 
wholly subterranean. 

The cretaceous system of Ireland is in a depression, Ireland, 
on the Western side of what is usually understood by 
the basin of Europe. It consists of chalk 200 or 300 
feet thick, harder than is common ill England, but with 
a similar though less extensive suite of organic remains, 
and rests on greensand, there called mulatto , with the 
usual characters of that group in England. Lias is 
found beneath at the Giant's Causeway. In Scotland, 
only a very dubious indication of the cretaceous system 
is afforded by the flints which rest upon primary rocks 
near l’eterhead. 

Within the natural modern boundaries of the princi¬ 
pal basin of European secondary strata, the primary 
rocks of Scotland, Cumberland, Wales, Cornwall, and 
Brittany, on the West; the Pyrenees, the Alps, and the 
Carpathians, on the South ; Caucasus and Oural on the 
East; Finland and Scandinavia on the North; the 
cretaceous system, chalky, marly, or sandy, is very 
largely developed. The type of the formation may be 
taken in Southern England or Northern France indif¬ 
ferently. In the latter Country its extent on the sur¬ 
face is probably equal to the whole superficial area 
which it occupies elsewhere in Europe. It encircles 
with a broad belt the basin of Paris, and passes o(T on 
the North-Eastern side into Belgium, which whole Coun¬ 
try It probably underlies, though the tertiary deposits 
conceal it, except along the sides of the Meuse. At 
Muestrichl the upper beds of the cretaceous formation 
have, in many respects, mineralogical and organic, 
a remarkable analogy to the calcaire grassier, which is 
the lowest really marine tertiary rock in the vicinity. 

These beds, however, by their piincipal characters 
really belong to the cretaceous system, of which they 
may be considered the highest terms at present known. 

A little appearance of the chalk is observable North of 
the coal of Elbcrfcld, to which it is unconformcd, as well 
as to that of Namur and Liege. The chalk system 
most probably underlies the whole region of Northern 
Germany, from the point last mentioned North of the 
oolite and lias of Westphalia. Thfi green sand is re¬ 
markably well exhibited with characteristic fossils in 
the romantic trad of Saxony, North of the Erzege- 
hirge, (there culled quadersandstein ,) as well as an 
upper calcareous portion supposed equivalent to the 
chalk and plauerknlk. North of the Carpathians, both 
chalk and green Band occur in long ranges of hills, 
passing from Poland by Lemberg into Podolia and the 
South of Russia. It reaches the Dncister, and extends 
to the plains of Volhynia. It forms considerable emi¬ 
nences around Grodno in Lithuania. “ Further South, 
in the plains of Moldavia, Podolia, and Bessarabia, it 
appears only in detached portions. Chalk is found on 
the Southern side of the granitic Steppe in the Crimea, 
and on the borders of the Sea of Azof, between the Berda 
and the Don. In the Country of the Don Cossacks, in 
the Governments of Woronack, Koursk, and Toula, it , 
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Geology, appears in hills and on the banks of rivers, ami pro- 
Cli. II. bubly constitutes the base of that great and fertile 
' plain.’’ (Fuseli, quoted by De la Beebe, Manual of 
Geology.) 

In Pomc-rania and Mecklenburg, and the Island of 
Rugen, cliffs of chalk occur with the usual fossils of 
England, and in Sweden it rests upon rocks of gneiss 
and greywacke, and only in one instance, at Limliamin 
in Scania, upon rocks of the oolitic era. In the Ninth of 
Germany it appears at intervals, near Luiioburg, and 
on the borders of the. Harz mountains, (at Qiiedlinburg.) 
and there seems no reason to doubt that the whole vast 
plain of Northern Germany, from the Rhine to the Vis¬ 
tula, rests upon the cretaceous system. What remains 
of the Island of Heligoland consists of green sand. 

The whole line of the Alps from the Salcve to Vienna 
is bordered upon the Northern side by rocks of the ere 
taccous system, which are closely associated in character 
with both the oolites beneath, and with the tertiaries 
which lie above A similar observation applies to the 
South side of these mountains; chalky rocks range 
down the Apennines, and occur abundantly in the .Ma¬ 
ritime Alps, there, as well as about Geneva, intimately 
associated with the upper oolitic beds. Deposits of this 
era also lie in old valleys of the Jura mountains, which 
range in a Norlh-Kastern and South-Western direction. 
The Pyrenees are bordered on both sides by green sand 
and sandy and calcareous beds, containing with many 
chalk fossils some of tertiary types. 

Over this extensive area the niincralogical characters 
of the system are tolerably uniform, except in the vici¬ 
nity of the Alps, where the violent disturbances to which 
that mountain range has been subjected appear to 
have entirely altered tile aspect of these beds, so as 
to permit authors to speak of black chalk, which, how¬ 
ever, is perhaps a portion of the green sand group. 
Oxer all the region already mentioned in France, 
in Belgium, at. all the points in Northern Germany, 
iu Poland, in Russia, Pomerania, Denmark, and Swe¬ 
den, the chalk has its usual characters and appear¬ 
ance, and contains ananchytes and spalangi, belom- 
nites, terebratulfc, inoceraini, &c. The green sand in 
France, near Aix la C'hapelle, along the Erzgebirge, in 
Poland, along the Carpathians, in Heligoland, has its 
usual characters. Indeed, even along the Eastern Alps, 
but especially in the Swiss and Savoy Alps, and the Jura, 
the green sands’ group retains nearly its usual aspect, 
and exhibits its usual fossils; and an English Geologist 
placed at the Pcrtc du Rhone, or amidst the ichcxoflhe 
Montague de Fiz, is at once introduced to the Geology 
of the vicinity. Green sand layers alternate with the up¬ 
per part of the Jura oolites in the Saline, and the same 
phenomenon appears to happen along the Eastern Alps, 
(Murchison’s and Sedgwick's Memoirs, Geological Tran t- 
actions ,) where some parts of this group contain tuci so 
as to be characterised thereby. Nunumilites are asso¬ 
ciated with tlie green sand in the Swiss Alps, and also 
in tlie Maritime Alps, where the lower beds of the cre¬ 
taceous formation consist of light-coloured limestone 
charged with green grains, and full of bclcnmiles, am¬ 
monites, nautili, and pectines, and appear intimately 
connected with the top of the J ura limestone deposit. 
(De la Beche, Manual , 259.) Nummulitic rocks, cal¬ 
careous and arenaceous, exist in Dalmatia, and form 
high mountains in Croatia. 

On the Southern side of the Alps, the beds of the cre¬ 
taceous era, which descend to the plains of Lombardy, 
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are principally composed of white, greenish, ami red- G 
dish beds, and it appears that a gradation of rlmracter L'h. II. 
may be traced through the oolitic, cietaceous, and ter- - 
tiary strata here uplifted. (Murchison.) Some of the 
light-coloured limestones referred to the chalk are called 
scagliu, and the mountain of the Voirons near Geneva, 
yields a rock of similar nature. 

Dislocations of the Cretan o us Sysl, m. 

Like the oolitic era, the cretaceous period appears to 
have been one of regular action, perhaps still umic uni¬ 
form than that, but not of so long duration. For we do 
not find its deposits to contain so many distinct suites 
of organic remains, nor so many remarkable icpclitiom 
of analogous rocks as occur in the oolitic system. The 
lower sandy beds of the system, indeed, may be thought 
to have been influenced by the convulsions which up- 
heaved the oolites, but we cannot assent to the notion of 
Elio de Beaumont, that the whole cretaceous system is 
derived from the mechanical movements thus impressed 
upon flu* waters. The organic remains of the system 
sufficiently disprove this, and the great extent mid uni¬ 
formity of the deposit of chalk is no otherwise to lie 
explained, than by general laws applicable to nil the 
older and more recent calcareous strata. 

That disturbances of great extent happened viine- 
U'hcre after the deposit of the chalk in Fug laud, is evi¬ 
dent from the extraordinary abundance of sandy and 
gravelly accumulations, sometimes resting in hollows of 
the chalk, which immediately cover that stratum. A 
great part of the plastic day group is of this tiagineiitary 
and tumultuary origin, and its black flint pebbles arc 
only water-worn clmlk flints. But England docs not 
appear to have been tlie rent re of these convulsions, 
nor to have been much moved by them unless bodily, 
and without local and violent tract lire of strati. It is, 
indeed, very probable, that parts of the chalk formation, 
originally deposited in deeper seas, were at this time 
brought up and made to constitute a shore and to be 
liable to all the waste of the waves. And some portions 
might be, and probably were, raised to dry land, and 
exposed to tlie weather and the wearing of siiearns. 

But we cannot at present iiudeitake to say where such 
a shore occurred, nor in what part exactly the chalk 
was raised into bills. 

In Ireland, at this period, great eruptions of basalt 
happened, and broad lakes of lava covcicd the chalk of 
that Country. 

In France the chalk was wasted as in England, and 
its flints rolled to pebbles, to constitute the pebbly beds 
of the plastic clay group; and this seems to have been 
chiefly effected by fresh-water streams, for we find in the. 
plastic clay of France few organic remains besides ter¬ 
restrial and iVesli-vvater productions. Yet here, we be¬ 
lieve, it is equally difficult to say what portions of the 
chalk were thus raised and exposed. The surface of 
tlie chalk in France appears to have been more wasted 
und furrowed than in England. 

To this period, Elie de Beaumont ascribes the disloca¬ 
tions which iu the French Alps and the South-W ostein 
extremity of the Jura, from die environs of Antilles to 
those of Pont d'Aiu and Lons le Sanlnicr, present a 
series of dislocations in u direction North North-West. 

The primary mass of Mont Viso is tiavcrsed by this 
system of faults. The Eastern crests of the Dcvolny 
on the North of Gap, are formed of tlie oldest beds of 
the green sand and chalk, thrown up ii> the dnection 
" -1 n 
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North North-West, and raised more than 4700 I'nglish 
feet above tlie sea, while at their feet, and 2000 feet 
lower, the numimilitic or upper portion of the cretaceous 
system remains horizontal and entirely undisturbed. 

Every thing- belonging to this particular epoch, that 
is calculated to throw light on the changes then operated 
on the external features of the (ilnbe, is of the highest 
curiosity and importance, since the probability is great 
that very violent and extensive convulsions, producing 
most remarkable alterations in Physical Geography and 
in other conditions of organic life, must have happened to 
occasion so entire and sudden a change of plants, shells, 
and vcrtchrated animals, as, notwithstanding recent, dis¬ 
coveries of supposed intermediate strata, is admitted to 
have taken place after the deposition of the cretaceous 
system. 

Some time after tile above remarks were written, 
the third volume of Mr. EveH's Principles of Geology 
appeared, in which that able Geologist has ventured 
to do what we thought too difficult to attempt, and de¬ 


fines in one instance what part of the ancient bed of the 
sea was raised at the commencement and during the 
continuance of the tertiary period. Combining his own 
observations on tertiary strata with Mr. Mantell’s dis¬ 
coveries, he proposes the theory that the elevation of the 
Wealdcn district of Sussex and Kent was contempora¬ 
neous with, or only immediately antecedent to, the de¬ 
position of the tertiaries in those parts of the sea which 
are now become the basins of London and Hampshire ; 
that the elevation of the secondary, as well as the depo¬ 
sition of the tertiary rocks, was produced by long con¬ 
tinued operations of the same kind, and that asdilfereut 
strata were, raised iu the Weald, to l»e wasted away by 
the sea and atmospheric uction, the tertiary deposits, 
thence carried to the depths of the sea, were proportion¬ 
ately varied. We cannot now discuss this ingenious 
theory, because it is connected with a very extensive 
argument, involving many of the fundamental views .of 
this author, Klie de Beaumont, and Von Buch, but it 
will he examined in its proper place. 


Geology. 
Ch. II. 


Table of the Organic Remains of the. Cretaceous System. 


Plants, (from M. Adolphe Brongniurt.) 


f'ar.iih. 

Conferva*. 
All's? 


Name. 11 ink 

Confemtes fusciculata ..... . .. 

a'gogropilindes. 

Far mites Brardi .. 

Oihigniauus. 

stiictus . 

tiiberculnsus. 

T.irgiomi.chalk .. 

ac*c|< i.lIih. 

(litfurims .. ....... 

intricatus ... 


fureiitiis . 

recurvus. 

Lyngbianus. 

Hrongniniti, Munt. . . ditto 

Naiades . Zostcrites cauliniirfidia. 

lineata. 

Bellovisiana..... 

elnngata .. 

Oycaileat ... .Cycuilites Xilsunii . 

Thnytcs nlien.i, Sternb.. . 

Wood, dicotyledonous ..... ditto 
Leaves resembling y Wit anus and lirioden-1 

•Iron, Sternb.| ‘ ‘ * 


British Lucidities. 

Sussex.. 


Bognor, Sussex 


Sussex. 


ditto. 


Ruck, 
chalk .. 
ditto .. 


Foreign Lucidities. 

Arnager in Bornholm. 

Ditto. 

Pialjienxon. (Dordogne.) 

Isle d’Aix, near La Rochelle. 

Isle d’Aix. 

Ditto. 

Les Voirons, near Florence. 

Vernusque in the Plaisnntin, 

Biduche, near Bayonne. 

fOneille, (tenon, Florence, Vienna, Bi- 

\ dache. 

Vemasquc, GOnes, Florence. 

Vern usque, 

Arnager. 


.Isle il'Aix. 

.Ditto. 

.. Ditto. 

.Ditto. 

chalk.Scania. 

planerkulk . Schmctschna. 


Blankenburg, Wcrnigerode. 


It does not appear that any of the plants of this epoch were in existence before or since. 


Family. 

Filirosre.. 


Nu me. Rock. 

• Spongia plana, Phil.chalk. 

capitata, Phil.. 

oscuhfcra, Phil.. 

convoluta, Phil. 

lobuta. Fiem. 

marginals, Phil. 

radicifonuis, Plul. 

terebrata. Pint... 

purosii, Phil. 

lfrvis, Phil. .. 

cribrosa, Plul. 

ramosu, Mant... 

par.ulux.ica. 

(Spongus)lttbyrinthiciis.Mant. .. 

Townscndi, Mailt. 

(Siphoniaj Websteri.green sand. 

curvieornis. Gulilf.. 

inerassata, Golilf. 

(VentricuUles)Benettia*,Mant chalk. 

radiatns, Mant.ditto ..... 

ulcyonnidci, Mant. .. ditto . 

quadranguhtris, Mant. ditto . 


PoLVPARIA. 

Rnli.h l.oi'.alitjcs. 
Bridlington. 

Ditto. 

Ditto, 

Ditto. 

Lewes, Norwich. 
Bridlington. 

Ditto. 

Ditto. 

Ditto, Dover. 

Bridlington. 

Ditto. 

Ditto, Sussex. 

Hunstanton, Southboum. 
Ileytesbury, Lewes. 

Ditto, ditto. 

Isle of Wight, Southbourn. 


Rock. 


Lewes, Wilts, Bridlington. 
Lewes. 

Ditto, Warminster. 
OfFham, Sussex. 


marl , 
chalk , 


Foreign Localities. 


Noirmouticr. 


Westphalia. 

Ditto. 
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r.iiniU. 


Na 


Hook. 


lilllSth I.in till:t 


l . i **.* I " u.livs. 


.Normandy. 

.Ucau\aiN, IMcudon, \v # 


Fibiosto.(Choamtu'.) Nubriitundux, I c j 1I4 ij c , m . s 

flexiiusti-,, Mant. . ...ditto ..... Ditto. 

Ka'iiigi, Mant.ditto .Warminster. Lowe.. 

llalirrhoaoostatu, Ijun. ... greensand. Warminster . 

Parnmoudm.clialk.Iteltiisl, Norfolk. 

Alcyonium globulosum, JXlfr. ditto .Sussex .. ... 

pyriform,, Mant. ... ditto .Ditto. 

Sereo pynl'ormis, Lam.green band. Warminster. 

Of the following fibrous polypuriu described by (iolitfuss from Maostricht mid Westphalia, it is uiy probable 
that when better known, several will be found ideulieal with the spongite and alcyonite of l-htohsh atilhots. 
It is to be regretted that the labours of Naturalists in this difficult branch of fossil Zoology have In rn almost 
fruitless for want of cooperation. The abundance of spongoid fossils is a very remarkable character of the 
English and Westphalian chalk. 


(lt-olopry, 

t:h. ft. 


Achilleuin glonieratum... 

Miie.lricht, 

Scyphia Murchisnnn ... 

.Dump. 


fungi forma .... 

Ditto. 

vcitmllnta .... 

. Macstiicht, Nehou 


morcliollu. 

Kssen. 

inaiminllaris .. . 

. JOshcii. 

Motion capitatum . 

Maastricht. 

tetiugnna. 

.Ditto. 


tubulileruni. 

.Ditto. 

fin rat* . 

. Ditto. 


pulviuariimi .... 

Ditto, Ksson. 

foraniinosa ... 

. Ditto. 


pezuti. 

Ditto, ditto. 

inluudilMililii ii. is 

Ditto. 


btiHatnm . 

Ksscn. 

Sackn . 

. Ditto. 


pyritbrinu. 

(/Oesfebl 

Tragus dcfoimc. 

.Ditto. 

Scyphia 

fungiformis...... 

Ditto. 

riigosiiin . 

. Ditto. 


Mantellii . 

Ditto. 

])> nIonm*. 

.Ditto. 


Dcche uii. 

Ditto. 

stcilulum . 

.Ditto. 


Oejnhausii. 

Damp. 

luppocast ilium 

.Ditto. 

Family. 

Name. 

ltork. 

Jlriti- h Lnenlilies. Ruck. 

Foilij'ii Localities. 


.Chencndopora fin.gifi.rmis,. sand . Warminster. 

L.aui.| n 

Ilippulmitis inn gobies, Lam, ..Ditto. 

Corticilera .. .Gorgonia bacillaris, G... 

-Phil.chalk.Dishop's Wilton, Hants. 

Cell uli fera .. .Millcpora Fittoui, Mant. ... ditto .Sussex. 


chalk.MaesUiclit. 


Gilbeiti, Mant.. Ditto. 

nntujiia ? Defr.Normuinly. 

-Bl. ....Meuiloii. 

compress* ......... ..... Macstricht. 

inadreporacca ..Ditto. 

Nullipora raeemosa........Ditto. 

Kschara cyclostoma.Ditto. 

pyiifurmis...Ditto. 

stigmatophora .Ditto. 

sex annularis.Ditto. 

cunceliata.....Ditto. 

arachiioideu...Ditto. 

dichotoma ..Ditto. 

striata.....Ditto. 

filugr.ma.....Ditto. 

distichn ..Mention. 

Celleporaoruata .Maastricht. 

luppocrepis . ..Ditto. 

vclamen ....Ditto. 

deutata ...Ditto. 

c rust u lent a ..... Ditto. 

bi punctata.Ditto. 

CHchuroiden... Ksscii. 

-Phil.ditto .Kiiaptou, Y.nksliiie. 

Reteporu cluthrata... ... .. Maastricht. 

lichenoides... Ditto. 

trunc.ita . Ditto. 

distich*... .....Ditto. 

feuestrata.. ......Nants. 

cancel lata...... Maastricht. 

Coscimiporn mf.ind.buli-1 ...mails.Coesfcld. 

loruim.J 

m acr opera ......... .. .. ditto ..... Mil lister. 

Coidoptychiuin agnricoidcs.....ditto ..... C’oesfeld. 

Flustra reticularis, Lain. ... ditto ..... Sussex, Norwich. 

reticulata, Demn.... Normandy. 

flabcllilormis, Lam........... Ditto. 

tessellata, Woodw.... ditto ..... Norwich. 

Ceriopora cryptopora.......chalk .... Maastricht, 

nncropora.......Ditm, Ksscn, Nantu. 

anomalopora.. ... . . . ..lU.wstiicht. 

polymorpha .... marl .Kssen. 

*dichotoma ... ..Maestriclit. 

millvporacca ... ......1 htto. 


4 it 2 
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family. N'.'mf. Kook. lfrillsli Localities. Rock. 

CUlulilera .. .Ceriopor.i gr icdix .. .... 

in.olreporjcea.. chalk. 

tubipoiacea ...ditto ..... 

spongites...... marl . 

•clavata . 

cubiosn..... 

verticillata ...chalk. 

spiralis ... 

pnstulosa ...... .. 

cninpresxa..... 

trignua .marl . 

stollata.....chalk. 

*diadema .. 

initra ...marl . 

VI'IIOXll... 

Lunuhtcx rretaeea, Dcfr. ... .. 

Orbuulitcx leiiticulata ...... chalk .... Sussex.... green sand. 


Foieign IaKU‘1 ilics. 

Kssen. 

Maestricht. 

Ditto. 

Ksseu. 

Ditto. 

Ditto. 

Maestricht. 

Ditto. 

Ditto. 

Ditto, 

Kssen. 

Maestricht, Essen. 

Ditto. 

Essen. 

Ditto. 

Macutricht, Tours, Normandy, 
l’crle du Rhone. 


Geology. 

Ch. If. 


Celluliferous polyparia appear at present scarce in the English chalk and green sand, yet probably, on further 
research, the contrast which in this respect subsists betnccn our series mid that of Macstricht and Westphalia may 
be diminished. 


I'u mil>. Nomt*. Hoik. 

Lamcll»li*ii . . Lilbodcmdriui grarile.... 

((’nr) ujih} Ilia) gilibusuin. 

Caryojihylli.i centralis,Mant. chalk. 

con ulus, Phil.gault. 

Fun^ia rad ini a ...... 

cancel).it a .. 

coromiU. 


Uiltish LumIiIim. ItorK. Foreign Loralilirs. 

.pi ecu mini. Qucdlitilmrp. 

.... Near Bochum, Vl'estjihalia. 

{ Sussex, Yorkshire, Nor¬ 
mandy. 

Yorkshire, Cambridgeshire. 

....chalk ..... Aix la Chapelle. 

.Maastricht. 

.marl .Essen. 


( chalk .... Sussex, 
green saml W ills, 
pault .... Cambridge, Yorkshire. 

Dijilocteiuiim cordaium .. *. .......... chalk ..... 

{duina ............ .......... ......... 

Meandruia reticulata ...... .......... ...................... ditto ..... 

Astrd'ii llesuos.i. .......... .......... 

geometrica......... .•....•«•« .......... 

clathrata .......... .......... ... ....... 

csibaronies ........ .......... ....... ............... .......... 

text ills ...■■..■•.■■ .......... ...................... .......... 

t rl iiiiirut i Isa........ .......... ...................... .......... 

rosa ............ .......... ...................... ....a....* 

elepans............ .......... .......... 

unpiilosi .......... .......... ..•■ ...*i 

peilllll.lt. I .......... ...a...... .......... .....a...... .......... 

arae b n oitles........ .......... »».•?»•«••»»»«••»»•»•• .......... 

rotulii............. .......... ••»••»••»•••».»»•»•«•• 

imicro|dithalnid ..... .......... .......... 

muricata .......... .......... •••••»•••••••••••••«•• .......... 

stjlupliora ......... .......... ...................... .......... 

1 aprus l roteus, Dcfr. ..... .......... ....... ............... .......... 


Mnestiicht. 

Ditto. 

Macstricht, 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Meudon, 

Ditto. 

Ditto, Tours, Normandy. 


It is probable (hat the whole suite of polyparia of the cretaceous system is peculiar to it. This remark is 
meant to apply to the Macstricht fossils as well as to the more generally recognised types of chalk and green sand. 


Radi aria. 

Hoik. Knretpa L'-uililicn, 

chalk.{ Su “^; Wiltshire, York- j ^ 

gault.Yorkshire.ditto 

chalk. Ditto, Wiltshire, Sussex. 

.marl . 

..chalk 

ditto .... Norwich, Wiltshire. 

regular!*, Wood.Sw atl'liam, Lewes. 


Family. Name. 

Crinoidea... .Apiocrinus elliptic!!*. 

Pentacrinus caput Mednsro , 
Marsupiles Milleri, Mant, ., 
Glcnntrcinites paradoxus, (j. 
Stdlerida .... AsVnas ipiimpiclidia. 


Rock. 


semdun.it.is. ditto . ( Norfolk, Wiltshi.e, York 

t Hntre. 


ditto 


leiitigimisus, Wood.Dovor. 

Echiuida ... .Cidaris regnli*. 

aciitigera..... 

crenularis.. . 

granulosa ......... 

varioluris.. ....marl. 

ornuta........ 

... , T , , .... f Wiltshire, Sussex, York* 

piijnllnta, Park...... ditto ..... j Khire ’ 

muiiimillatn, Park.. Wiltshire. 

cretosa, Maut.Lewes, Nortlifleet, 


Uritish Localities. 
Touraine, Normandy. 
Macstricht. 

SpeldorF, near Mnllift! ISC 11. 
Macstricht, near Munster. 
Paris, Rouen, Sec. 


Maestricht. 

Kehlheini, Havana. 
France. 

Aix, Maestricht, Kssen. 
Kssen, Coesfeld. 

Ksseu. 
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Name. 


Work. 


Hritish Lm'alil'.e 


chalk . 


limrl. 


Geology. Family. 

Ch. II. Echiuida. • .Cidaris variolarU (f». Tram.) .Lewcn, Lyme. 

l _ _ - vulgaris, Lam... .. 

v asteu/iiiiH.greensand. Warminster. 

corulUriu, Man!.chalk.Sussex, Wiltshire, &c. 

cluvigera, Kcrnigi.Sussex. 

vesiculosa. .... 

Echinus saxat ills, Park.ditto .Sussex, Norwich. 

Kamigi, Mant. ..Sussex, Yorkshire ....... .. 

He net tire, Kcrnigi ... green baud. Wiltshiie. 

areolatun, Wahl...Ditto, Lyme Regis.chalk. 

alutaccus.. marl. 

granulosus. .sandstone.. 

radiates...*.marl. 

Clypcus, small species.ditto .Warmilister. 

* Clypeuster Leskii.... chalk. 

fornicatus..• • • •. 

Galerites albogalmis, Leske chalk.Lewes,Wiltshire,'Yorkshire ditto. 

subrotumlus, Leske.. ..la'wes NuuhcIi, York shire. 

vulgaris, Lam.. Lewes, Lyme... 

conoidcus..ditto 

.Wiltshire 


Havre. 

Poland. 


Oi !.«>• .ilit w 9. 


Gee 

ill 


Essen. 

Moca. 

liodshcrg in Scania. 
Essen. 

Kuhlheim. 

Essen. 


f green sand I 
I and mail/ 


chalk . 


Sussex. 


subuciilus, Lam. 

depressus, Lam. 

caiialiculatus. 

sulc.ito radiatus. 

Ilawkinsii, Mant... . ditto , 

ubbreviatus. 

Eclnnoneus suhglohosiis.ditto . 

placenta.. .. 

lamp.is, De In Tieche green Hand. Lyme Regis. 

peltiihnnis, W ahl.... .......... 

Nucleoli tea depressus. ditto .. . 

ovatus, Laip... 

bcrohiculutus, I.am........ • 

pyriformis....... 

lacunuHiis ...marl. 

cordatus.. 

carinatus...chalk. 

lapis caiicri. 

♦test ud mar iu9... 

rotul. 1 , Jit........ 

castmea, lit.green sand... 

patellaris ... .. . .. . eluitk. 

Ananchytcs ovatus, I.iun. ..chalk.I* 5 ™!",; Vork.hi"’, Sc?} ,V,l '°. 

homisphrrrioJS, Mant .Sussex. Yoikshire. 

intumescens, Phil.Yoikshire. 

piistuloHiis, Lam..Norfolk.. ditto. 

conoidcus... 

btriatus. 

corculum.. mail. 

other species, Smith . ditto .England. 

Spntangus orn.itus, Ctiv.... gieeu sand. Lyme. 

subnrbiculuns, Defr...Ditto.... 

argillaceus, Phil, ... gault. Wiltshire, Yorkshire. 

MurchisoiuanusjMant green sand. Nurdcd, Soiithboiirn. 

cordiforinis, Mant... chalk. Mnhllcham, Norwich. 

rostratiiH.1fright oil, Norfolk.. 

prunella, Lam...Brighton... 

cor anguinum, Lam.,.. .. Norwich, Lewes, Lyme,Ac. 

planus, Mant...Yin kali ire, Sussex.. 

hemibpluencus, Phil.. Yorkahue. 

Iipvh, Defr.ditto .Ljine.grcun sand... 

bufo, lit.....chalk .. 

-, Phil. .green sand. Chute Farm, Wiltshire. 

granulosus .... ditto . 

suhglobosus, Leske . 

nodulosus ........ 

radiatus, Lam.... 

bicordatus . 

truncatus ..... 

Buckluudi ...* . • marl . 

arcuarius, Lain, a re ). chalk 

amygdala, Lin....... 

gibhus, Lain... 

cor tebtudinarium ..... 

buc&rdium .... 

lacunoKus, Lin.. .. 

retuRUM, Purk.ditto .Wilts. 

punctatun, Purk.. Ditto. 


Muchtricht. 

Munster. 

Aix, Poland, Dieppe, .k,c. 

Ai\, Dreux. 

Pei igoid. 

Havre, (’oesP.-ld, and Kssou. 

Ei/. Swisserhunl, Havana. 

Hmeii and Hiuuken, l'uderborii. 
Muestiicht 

Aix l.i ('hapclle, Quedlinlnirg. 
Muesli u lit. 

Ditto. 


SY.mi.i. 

Ai\ la Chapelle ? 

Muestricht. 

Ditto. 

Ditto. 

Essen. 

Ditto. 

Aix, Jlihlesheiin, Essen. 

Aix, M.iestricht. 

Katishoii. 

Rouen, gieeu sand, Mtu. de Fix. 
Mtn. de Fix. 

M.iestricht. 

( Meiidon, Sweden, Lublin chalk, 
I mail, l'.SHi'ii. 


Paris, Rouen, Mt.eii. 
Aul.el in Limburg. 
Aix, Maestucht. 

Coesfeld. 


Aix, Ili.uit/, near liayonne. 
Mciestiicht, Dives. 


Joigny. 

Mtiestin lit. 

jPaii.s, Noitmuidy, Hnrgundy, Fiz, 
( fm sfeld, Saxony, Hohcnuu. 
Scania, 1 ‘oluud. 

Peite du Rhone. 

Puns, Noimaiidy, Macbtricht. 


Macstrielit. 

Quedlinlnirg. Daren. 

Essen. 

Maestricht. 

Mecklenburg. 

Maestricht. 

E'ssen. 

Maebtiiclit. 

Ditto. 

Paderborn. 

Muestricht, Qucdlinburg, Cocafcld. 
Aix. 

Aix, Qucdlinburg. 
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(iculuny. The distinctness of the form and characters of the 
*'h II- intrusted rudiuria, j>ermits in general a satisfactory 
decision concerning tlieir specific identification. On 
this account, no less than from the general diffusion of 
these fossils, the eehiuida, stellerida, and criuoidea 
ought to afford the most certain evidence concerning 
the laws of geographical distribution of animals during 
the eretuceous epoch. It cannot escape notice that a 
great number of species of eehiuida belong to extinct 
genera. It is remarkable that the genus spatangus, of 
which one or two species occur in oolite and several 


exist in the present seas, seems to have arrived at its Geology, 
maximum of abundance in the cretaceous epoch ; and Ch. 11. 
that the extinct genus, ananchytes. which is especially 
abundant and widely diffused in chalk, has not been 
found in the subjacent oolites, nor in the true tertiaries 
above the .Vlacstrieht beds. It is possible that amongst 
tile eehiuida a very tew species are identical with some 
found in the oolitic strata, (as galeritcs depressus, ci- 
daris variolnris, &c.) but in general the species appear 
to be decidedly peculiar. 


CoNcnii'r.iiA. 


Family. Naim*. Hot k. Jlriti^h Lihm lilies. Rook. 

Plagymyon.i .Fistulana pyriform is, Mant.. gault.Wdlmgdon, Sussex. 

person at a, M.mt. ...chalk .... Sussex. 

Pholas constncta, Phil.gault. .... Yorkshire. 

Ti'ie.lo ? - IJmmi .chalk 

Phuladoiuvndenissatu.Pliil I .... . ... ,, 

Citnlmm il.vasu.cluiii, Snw.j ' ,l u . ***** ■ ^lk Sussex. 

Pauop.e.i plieata .greensand. Satnl gate .green Band. 

Mya mamlibula. (Kuss.x, Isle of Wight, 

J l Deii/es. 

ilcpU'Ma.gauU. .... Yorkshire. 

phuxiohnu, Plul.Ditto. 

plana . .... ditto. 

- ? Lonsdale., chalk .... Near Caine. 

I.uti.uia striata .greensand. Lyne. 

cut miIVra .chalk.Ditto. 


gurgitis, Bt....ditto 

Amphidesma-Phil. M.S. gre*-.' sand. II)the. 

Corhula striatula .diiif .... Pa rlin.ni. Pul borough. 

gigantea. . Hlaekdown* 

l<a*vigjtd.Ditto. 

elegans . .. Ditto. 


Foreign Localities. 

Maastricht. 

OsterfoliL 

Ditto. 

Pcrtc du Rhone, Sweden. 


gault. 


Ditto. 


puuetuui, Phil, 
caudata, Nils. 

iLiiatina, Desli.ditto... 

(hassatulhi latia*ima, II:vu.. chalk , 

Tellmu ieipi.il is, M.mt.green saiul. Pat ham. 

inipipi.ilis .Ditto, Hlaekdown. 

st nut ilia .Bluokdown. 

-Phil.gault.Yoikshire. 

Lucina soulpta, l'lul.Ditto. 

la 1 vis, Phil.. Ditto. 

('l.issin.i 
Astai te. 

Thetis major .green sand. Hlaekdown,Sussex,Devizes. 

mmol .Sussex, Isle of Wight, &c. 


Koping. 
Hchonen, Han* 
Macstricht. 




stn.ita.Hlaekdown, Devi/es. 


Venus .mgul.it.i 
cupei ata 
oralis .. 
f.ih.i ... 


. . ditto . 


pari a 


Hlaekdown, Parham. 
Lyme, Hlaekdown. 
Parham. 

Parham, Isle of Wight, 
i Lyme. Isle of Wight, 
t Sussex. 


lineolata .Hlaekdown. 

pi. 


.Ditto. 

Ruicuiericnsih, Mailt chalk.KingiiU", Mnldlehiun. 

t aidium llillauum .green Mind. Hlaekdown. 

pr oho si idem n .Near Collumpton, Devon. 

iiiiilxinatuni...Hlaekdown. 

graimlobum, Woodw. chalk.Norwich. 

ImllatuiM, Lam...chalk. 

C'ardita Ksmaikii, Nils. ... .. . ... . 

tuheieul.ila ,.greensand. Dexizes, Lyme. 

modiolus, Nils.. 

****** .ditto. 

Jsocaidia angulata. Phil. .. gault.Yorkshire. 

Tngiiniii sjiinusa.gtm, { Bll ^" ru » 

da-l.iloa . Kchuc IIalJo", *«. 

I Isle uf Wight. 

aliformis.{ P ‘VV K,1 '. linKt ° n ’ 

ceicntrica ..l’ulborough, Lyme, UUckikwii. 

sin-et. ihilis ...liiuckdowu. 


greea Hand. Bochum. 


Aix In Chapclle. 
Scania. 

Ditto. 

, Dciufi, 


Altcnberg. 
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Family. Name. U*x*k liriti-lil.**r.i'ru s. 

Plagymyoua .Trigunia rugosi. 

sr.ibra . 1451111 * .. 

attinis .Pal limn, Ilaldon. 

pennata .Teignimiuth. 

nodusa...Ilylhe. 

pumihi. Nils. . 

arrant . 1 , Lam. 

Cucull.ca deciissata.greensand. Parham, Fevervliain. .... 

glabra.ditto.Ljim*. Blackdown. 

carinata .......... ditto.Ditto, ditto. 

fibrosa ..ditto.Ditto, ditto. 

costidlata .ditto.Lynn*, Colliiinpton. 

AuncuUfcrn, II nr 11 ..... •. 

crassatina .. 

. .. I Sussex, (Mant.) Vorkih. 

. . chalk - ••• \ ' Phil.) 

Area cannula.green sand. Pevi/.e, Lyme. Nnrsted. 

fmhaeuta.Hainsev . 


lie. 1 , 

green s.ui.l. 


Fori-fii I »v ilit to**. 

Peril* du Rhone. 

Rouen, lVrt« do Rhone. 


chalk. 


ditto. 

ditto. 


K**pmg. lLilsbeig. 
Ai\ la t h,«pelle. 
Rouen. 


Beauvais. 

Ditto. 


ditto . Markdown* 

ditto •*... liiildon. 


cxaltnta, Nils, 
rhornliea, Nils, 
ovulis, N ils.... 
rlathrat; 1, ll;en. 

Pcctuncuhis siibhi'vis . 
umKmntus.... 

lens, N tls.. 

Nucula impiessa.ditto .Parham, Hlackdown. 

aritupiata.ditto .Parham 

angulatu.ditto .Blaekdown. 

ovuta, Mant.gault.Kingmer, FolkstmugYorks. 

suhrenirva, Phil.Yorkshmi. 

pectinata, Mant.. ^iihhox . 

uudulata.Folkstone. 

prndudu, Nils... 

triiucala, Nils.. .. 

panda, Nils..... • 

Modiola parallel a.green sand. Maidstone. 

* hi partita . ditto .... Parham Park. 

Hxpjalis ...Ditto. 

♦pallida.Fonthill, Wilts. 

Mytilus lanceolatuM.ditto .Blackdown, Parham. 

eduntulus.ditto Blackdown. 

lwvis, Defr.. . .. 

problnmaticiiH, H.rn... 

Pachyma gigas.chalk.IJyme. 

Mytiloides labiatus, Sclil,. .. ditto .\\ dts . *••••*•• 

Mcsomyona • .Piumi tetiagona .green sand. Devi/es. 

gracilis, Phil.g.wlt.Yorkshire. 

sulcata, Woodw.chalk.Norwich. 

allmis, II.-imi.... • 

flabelhini. Ham.. 

nohilis. II.. . 

rest itut a, Ham. 

(juadrivalvis, II;pu. .. 

Gervilliu ♦aviculoides.green sand. Parham, Petcisfield. 

♦acuta.ditto .Parham. 


Maestri clit. 

('arlslunmMi, Sweden, Yiv l.iChrtpolle. 
BiilsU»rg, Sweden. 

K"pmg, Scania. 

Angers, S.imnnr. 


Balslierg, Kopmg, Sweden. 


Bmilniiuais. 

Kaiiberpa. Scania. 
Ditto, ditto. 

Ditto, ditto. 


ditto. 

green sand. 


Bo ogival, Pm it. 

Bochum. 

Aix la Chapelle, ()uedhnlmig. 


chalk . 


Near Saumur. 
Boehuni. 

Ditto. 

Valkenhnrg. 

Cut cut m, Saumur. 


solenoides., ditto .{ ^ ^\\ dts.^ 0 }.Maestriiht, Nonnandv. 


Clavicula cojrulescons, Nils.. ... 

-, Mant. chalk .., 

,., Sussex. 

Ocuatula prndurta. 


.. Shefford, Bedfordshire. 

Inoceratmis, in-1 



cludinu (’a- Wyphmidea 


.. Lyme, ltingmei. 

tilhut, Cuv. . J 





/Fulkxl olio. Kingmer,Cum* | 



' ’ ( bridge.. f 

tenuis... 


.. Iliimsey. 

Cripsii. 


.. Ditto, 

conccntricui.... 


.. Folkstone, Lyme, &c. .... .......... 

pictus. 


.. (inililfnrd. 

Cuvieri. 

ditto .. 

. . Unyhtiiii, Lewe°,Yorkshire.. 

Brou^niarti. 

ditto .. 

.. Lewes, Yorkshire ... 

cranium, Phil. 

ditto .. 

.. Iliiiitii.inhy. 

cordiibrmia. 

ditto .. 

.. Gravesend. 

mytilnule*.. 

ditto .. 

.. Norwich, Wilts, Sussex. 

xtriatus, Mant. 

ditto .. 

.. IV ills, Lewes. 

Lamarckii, Mant. ... 

ditto .. 

.. Sussex. Dover. 

undulating Mant. 

ditto . . 

.. Lewes, Ileytesbury. 

Websterii, Mant. 

ditto .. 

.. Sussex. 

latuK, Mant .. 

ditto .. 

.. Ditto. 

'Ollltlil .......... 

ditto .. 

.. Ditto, Norfolk. 


Sweden* 

Bochum. (Ilrcn.) 

Perto du Rhone,'Fi/, Scania. 

Pcrte du Rhone, Kssen. 

Honen, Tours, Scuni.u 
yuedlmburg, Poland, Scania 


Geology* 
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Mi. II. 


nyo.'ii 


Scania. 


Ditto. 

Ditto 

(It at.iK 1 Chartreuse. 


,s mi.., RwK. Ji.il.sl: I.nf’• li■ H*»*k Luvkjn I.o«\diiie». 

:,a. .Imau nti'is d’gduhw .chalk.Essex. 

in 'oh. is, II.... • • • Quodhnhurg. 

Kxo;') r.i haledidea.green aan»l. Wilts.Scania, Essen. 

conic.. ditto .Ditto, SiJHwX, Blackdown. 

re nrv.it a .ditto . Ilaldou. 

plic at a.ditto ..... Ditto. 

cuiiuliciilutn.ditto .Wilts. 

nnd.it a.ditto .Blackduwn. 

cornuurietiH, N»U.... • • ... 

lucuiialu, Nils...... 

Hinuat ..Isle of Wight, V orksh Kent 

Gryphwn vc-iculm.ditto .Wilts, Sussex.. green Hand. DoueheH du Rhone. 

ciiloinh.i, li.im.. Lyme, Lniigleat.Havre, Poland, Saxony. 

glohusa.chalk.Norwich, Lewes, \e. 

ii'pnLi, lit.du Klione. 

. , inf IVngneiiv, Poland, Grande Char- 

HI. dMlk . \ 1,e,.sc, Vuuclnse. 

phc.vtii, Lam.gieuisand. ltoesiiu'teM ; chalk, Sauinur. 

tiuneata, Gold!’. ....M.iesuieht. 

Spli.’i i.i corrngala .girt n Hand. isle of Wight. 

Osti.iM vesii nl.it is, Lam. chalk . ... Sussex, Nm.vicli, ... chalk 

scmijilana. ..lift.Sussex. 

raii.ihnilat.i.ditto .Ditto, Norfolk. 

... gieen sand. Wilts, Lyine, Xc. 

iii.irioptcr.i. Ptdkstone. 

aliiomiis, Woodu. .. chalk ..... Norwich. 

trirat inata, Woodw . ditto .Ditto. 

dii'itat.v, Woodw. ... ditto .Ditto. 

serrata, Defr. ..chalk 

latcialis, Nils. .... .......... Scania, Essen. 

rlavata, Ni 1 m . Sweden, 

hippopodiMin, Nils...Ditto. 

•.icumiii.ita .Scania. 

curvinistris, Nils...Ditto. 

llabt lliformis, Nils.Sweden, Essen. 

piisilla, Nils.-.Scania. 

leu at a, N i Is. ...Ditto. 

parasitica, Ilreit. «... greensand. Bochum. 

trunciitn, Ilii'ii.. ditto .Giicsonheck. 

1 Sussex ; given sand, l it*. f Mend on, Sdumur ; green sand, Pcrte 

\ Llackduwu.L) me, Wilts, j ' | du Rhone, Sweden. 

. SI XT..T.. . —__..I 

1 


Meudon, Maextricht, Scania. 


giecn hand. Normandy, Boulogne, Bochum. 


Sweden, M nest rich t, Dreux. 


Vcteu (juimpieenstiltus 


ch dk 


Sweden, Aix la Clmpelle. 


ipiaducoslat.i.s.pn miiki. Sussex, lllacl.down, Wilts, ditto .< M aestricht Normandy ; greensand, 

4 n 7 9 ( (*ramie (diuitreuse, Saxony. 

Heaven.chalk.Sussex. • 

tnplicatus, Maiit. ... ditto .Ditto. 

orl.tciilaiiH.ditto, \c. .. Ditto, Wilts... 

ohlnpiiiH.green s.md. Ditto, ditto. 

« s p‘*r. ditto .Wilts ...Poland, Bochum, Ilatteren. 

iiitovtuSj^lJh'!| ••••• Noiwich, Brighton .Havre, Ai\ la Chape!!#. 

ludiatus, WtHidw. .. ditto .Norwich. 

sc ve-t.it vi\, Woodw. . 1 1;i 1 11 .Ditto. 

Cimroutrieiis.ditto .Ditto. 

'M'pti'inplir.itus, Nils...Scania. 

rrrlosus, Defr...l'ans. 

ururliiieidcs. IKTr...Ditto, Normandy. 

nicml-r.inuceiis, Nil..Sr.inia. 

•IciitHtiiH, Nils.Ditto. 

o\to\tus. Jtt .Davie, Normandy, Angora. 

serratus, Nils.....Stveden. 

imiltii'iist.iltis. Nils.Ditto. 

uiidul.itos, Nils.. .Scania. 

snlmratus. Nils.Sweden. 

|iidehclliis, Nils...Ditto. 

line,tins, Nils...Ditto. 

Sirgatiis. Nils.. .Ditto, 

liovis, Nils .Ditto, Aix la Chapelle. 

imeisus, Nils.Sweden. 

nsfcriMinis, ll,t*n.gieen sand. Ilardt. 

gi .inlis. Him.Aix la Chapelle. 

gryi'li.i .itus. Ilion.... ..... Ditto. 

leguliuis, Slid.cti.dk.Vnestriclit. 

("lcatus, ll.rn .Ditto; green sand, Ilardt. 

versieostiitus, H.iui .gu-cn sand. Aix la ('hapelle, Minden. 

l'lugtostinna spinosum .... clialk.Sussex, Wilts... iraricc, 1‘olaml, Saxony, Sweden. 

Itopori, Mant.ditto ..... Ditto. 

lit iglitouciixe, Slant. . ditto .Ditto. 

elongation ..... ditto .Ditto. 

asperum, Mant.ditto .Ditto. 

? pectinoidiuiin.ditto .Pcrte du Klione. 

orutum, Nils...Sweden. 


Geology. 
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Geology. Vamdy. Name. Ui»ck. In Hi(.nejlaics. 

Ga. II. Mosomsona , .PlagiostotiTi homisulca- 1 

^ turn. Nils, .J 

Muntvlli, Ht.chalk.Dover. 

frrumil.itum, Nils. 

elcgailH, Nils. 

pusillum, Nils. 

turgiduyi, Lam..... 

Podopsis or Dianchora lata . chalk.Sussex. 

obliqua, Mailt.ditto .Ditto. 

htriata.ditto .Yorkshire ... 

Iruncafa, hum. . ..I.) me.. 

hiiuellata, Nils. .. 

Piicatula inHata.ditto*.Sussex ; green saiid.Wilts. 

poetenoides.ditto.Sussex; gault, (’.unionise. 

Spend) lus 9 stu^ilis, Ht.-. 

Uudiidii ...».Splnnulilc.x dilutata, Des I 

Moolins. J .* *****. 

Domnomi, Des M. 

in*rens, Des M. .. 

J Iirnuighausu, DesM. 

foliace.i, h.un... 

.foil.um t, Des M. ... .... 

jMi.uiiietii, Des M. 

craferil.-rmis, Des M. 

Mmdiini, Gold!’....... 

liqq iirites iadio.su, Dcn M.. 

cm mi pastorL, DesM. 

striata, Defr... 

sulcata, l)efr. 

dilatala, Defr. 

I'loot data, Lam... 

* fistula, Defr. 


rli.ilk 


In Koii'igu 1 >h uUtiea. 
Sweden, S.iunutr. 

Denmaik. 

SumIi u. 

. Ditto. 

. Ditto. 

. S.uutes; green Band, Onterfeld. 


C-JeoTocy* 

( h II. 


ditto 


Havre, Ksseu, ltui-hum. 
Normandy| 1 ouruiiif, Sweden. 
Sweden. 


green sand , 
chalk .... 


ditto 

, ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 

•Into 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 






Tcieliratula suhrotunda .. . 

. cli.dk .... 

Sussex. Nonvich, &c. . . 

gsecn saiul. 




ditto . 




mid.it.i. 

. ditto .... 

Sussex. 


elougata. 

. ditto . . , • 

Ditto. 


lui>lu.\iU. 

. jjivi'n laud 

Ditto, Wilts, ('.iml.fid^i*. 


l.it.i. 

. ditto .... 

Sussex, Devizes. 


buhumUta. 

, chalk .... 

Yoiksluru . 

chalk. 

phcatdiH. 

. ditto .... 

Norwich,Sussex,Gravesend ditto . 

KiihpUrata, Mailt. .. 

. ditto .... 

Sussex, Yorkshire, Wilts 

. ditto . 

JVIautelhanii ...... 

. ditto .... 

Sussex. 


roslr.ita. 

. ditto .... 

Ditto, 


M.uliui, -Miint. 

. ditto .... 

Jilt to. 


sipiiiiuos.i, Mant.... 

. ditto .... 

D.lto. 


peutagonalis, l*hil. 

. ditto .... 

Yorkshire. 


lmeol.it.i, Phil. 

. uuult .... 

Speeton, Yorkshire. 


Defrancu, Ht. 

. chalk&gimlt Sussex, Yorkshire. 


oetoplicata. 



. ditto . 

gallitvi, lit. 

. clulk .... 

Norwich . 

. green Hand . 

oinifhocephala 9 . . 



. ditto . 

V* ctni.ita . 

. gret n sand 

Wilts,.. ... 


Ivi.t. 

. ilit'ii .... 

Ditto. 


semiglobusa. 

. I'll ilk _ 

Y’-nk'.luie . 


ohtosa . 

green mi ud 

t \u..blidg** . 

. ditto . 


. cli.dk . .. 

\\ at anti ,:ri . 

. eh.ilk . 

iliniuhila *. 

ocoidi.t . 

. jjireu sain 1 . 

i i.d lu'i \t ills . 

iriei ii mud . 

. o.':o . 


lVrte du Ithone. 

J Uoj an, Talinont, mouth «.f ihe (ii- 
t londe. 

n an, Talinont, \ alii e de la I’ou/e, 
hirdaguc. 

Hoyati, Talinont. 

Ditto, ditto, L.ingu.u*i. Dotdo^ue. 

Isle d’.Vix. 

Mir.unhr.iii, fh.iieutc Infi lien re. 
Yallee de hi t on/*», lYligmd. 

Hi<).iii, Laiiirnuis. 

M.iesfrieht. 

< endiienv, Pcrigoid. 

F)les, I\ riw.ucux. 

Alt t, And* 1 . 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

In Sussex chalk. (M anted.) 

Huclmiii. 

Bodmin ; ch.dk, Mendoii. 

Bochum, Scania. 


KftiMui. 

| Meiuloll, ALv-ll; gUVu Rail I, (iiJlldu 
\ h‘ h.ut reii*.e. 

Tuurs, Beauvais, M.ieshulit. 


Mention, Sweden, Macstikht. 

AleiiduJl, Sweden. 

r eppe, Sweden ; gieen sand, Queif- 
huhurg. 

iVitt! du Khone, Norniiindy. 
l'eite du Khoiie, 1 m/. 

Norm.uid), IIa\ie, Scania. 


curvir»*stiis. Nils. ... 

reeurva, Defr. .. 

hrvi^ata. Nils. 

rhomhind.dis, Nils. . 
tn.uiiriilaris, Wahl., 
louprostiis. Walil. . 
npeiturat.i, Schl. ..» 

chrysalis, Sell!. 

c rvat i, Schl. ...... 

dissiimlis, Schl. . •. 
lacutiosn, Schl. .. . 
niicrosrupica, Fond. 

nucleus, Defr. 

pel tat a, llum. 

seniistriaU, Lam. ,. 

v.irians, ILi*n. 

vcrunuihirih, Scld... 


chalk .... 
ditto .. .., 
green sand 
chulk .... 
green Hand 
chalk .... 
greensand 
chalk .... 
sand 

chalk- 

ditto .... 


Swidi n. Much, Hoihu'ii. 
I^nedlint.iirg. 

Ifuiide K iindeit. 

IIaiie. 

Bochum. 

Scania. 

Mai stncht, Normand). 

Sea n m. 

Sweden. 

Scania. 

Sv cdeis. 

Ksseu. 

Mai stii'hf. 

Qm dii.daug 

Spehlotf; give II 3 ind, Ielhum, 
< t )neilliiil»uig. 

Mai *.ti iclil. 

Jtoi-hn ii, t^uediinburg, 

Mae a ill lit. 

Bochum. 

Ksm*II. 

Maestiicht. 

4 H 
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F.iimly Xhini*. llock. In ItrltMi Lncniitii*. ILuk. 

l#r.i»*hi"p , 'd.i .Tcrohrahila 9 vitrea, Lam.. cli.dk .... 

sella .green hand. II) the. 


In Foreign Loeallliea. 


depress.!..ditto .Van .gdo««. 

mu itf jiiii»h . ditto .Ditto, 

oliluiig.i.Into .Samlgate. 

tniiir.it .l .ditto .... Funngdon. 

(rihhsiana.ditto .Fulkstone, II) the. 

jii'.niii.marl ..... Sussex. 

M 11 .it'll.i .g.iult . ... D.tto, Vi.iksliire. 

Ctcrvillu, Wuodw. .. chalk .... Norwich. 

rtgida .ditto .Nnifolk. 

ohlitpti .. .Ditto, K.mivgnte. 

(]iiiifiil.i .ditto .Norwich, Hants. . 

iiiiiffira, "W’oo'lw.ditto .Noi folk 

punctata, W«*odw. .. ditto .Ditto. 

('raitiu J'aiisJi-MHis, Defr. ... chalk.Nniwieh, l#i ■ s^I»t«»n. chalk 

.♦nat.i, Ihti.Swiitfhaiu . .ditto 

autupia, 1 >cfi.ditto 

still.ita, I Mr.*.ditto 

spmulosn, Nils.ditto 

hih'Mculata, Nils.<lxt1(i 

minimnSus. Lain.. 

I'odolosu, It .mi .ditto 

Ortamla.greensand. Siism*\ ; g.iult, Yoikshuc, 

Thcculi.t hieroglyphic:!, Defr .ditto 

jadmits, Petr. ditto 

rocumrosli a, Defr. .. .. ditto 


Muiidou, Macstricht. 


Mention. 

Normandy, Sweden. 
Noiiiiutuly, Schlenaekcti. 
Nt nil.indy. 

Sweden, Maeslticht. 
Scania 

Schlciiarkmi. in Scania. 
M.icstnrht, Sweden. 


Ksien. 

Mat'd rield, Normandy. 
Ditto, ditto. 


Goolosrv. 

Ch. II. 


Of 100 romhifeni belonging to tile chalk system, 3-2 feature common to this mid the oolitic system |i , m i-i 
me phigymynious, 10 mesomyonous, 5 imperfectly be remarked, however, that it is particularly- d ip, , !i 
known me classed us rudistn, and 23 brneliio|.minus, to settle accurately the number of species of the 'm iiu.i 
They me mostly unknown in the strata above or below, oslrea, exog-yrn, and iuocerauius. 

The gieal predominance of mesomyonous bivalves is a 


Mollusca. 

Ktimily. N.iiih’ Ruck. In Hritlbh Localities. 

Gasteropoda .IVntuhuin ilcrus'-atum .... gnu It.Siwsex. 

medium .green sand. Blnckduwn. 

miens, llieu.. ... 

septan >uluie.ditto .Belfast. 

striatum, Mmit.. Sussex. 

ellipticum, Mmit. ... ..Diltu. 

fissuia. IIsvm .... 

-. Nils.DilU. 

Patella locus.tlillo . Blackdown. 

iiva'.i'*, NiU .ditto ..... 

— --.Maul Lons.Sit hcn, Wills. 

Pileopds-, Man! .Sussex. 

Helix 9 tieutn .ditto .Pevi/.cs. 

.... . . i, i Sussex ; green sand, 

I lil.it known. 

tdf.oht.i, Phil.guilt.Spcetoii, Ymkshire. 

turgidii . 

Melania -—. , Phil. . •. ditto .Npi etim. 

An.i.allnria cmsihclafa, | ,, lttn .Sussex. 

Hpiratn, Him. 

- 1 lit. 

PlanorhiH rndiatus .green mind, Ilaldon. 

P.dudin i esteiisa.Hlackdown. 

Ni ula rugos.i. II. in... 

N.dio.i c.iniriia •' P.uk.ditto .Parham, Dlackdown. 

Uet/.u, Nils. 

-, Lohm. Mmit.. ditto .Wills. Sussex. 

Sign.-Ins (oucawis, Ham. . . 

Delj hiiml.i-, Phil. .. g.iult.Spocton. 

Ti.rlut e.ii mat us, I lien...... 

iiiomliletus .green saml. Bluekdown, 

.milieus.Ditto. 

rotundntUH...Ditto. 

INitfherriiniis, Bean. . gnult.Speeton. 

Milcatus. Nils .... 

Tmritella gianulata.green tuml. Hlarkdown, 

cost.ita .Ditto. 

duplic.itn. Hicn. ..• •••. 

terchra, I lien... 

Pleurotonmria-, Hrvn. 

Troehtis* Paste.oti, lit.chalk .... Lewes. 


lu Foreign Local tic*. 


Macstricht 


green sand. 


Scania. 

Sweden. 


ditto . 


chalk. 

iriceu sand. 


Bulsherg. 


Ktne n, Pciti du Rhone, Fix. 


Macstricht. 

Mmit ague do Fi«. 


Macstricht. 


B.dsbcrg. 


green sand. Bochum, 
ditto .C'oesfcld. 


cli.ilk. 

green mind. 

chalk. 

ditto . 


Hoping. 


Macstricht. 

\\ edderslelieu. 
Maestri cht. 
Pans, Roping. 
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G(57 


Nairn*. 


C»eoiogy. Family. 

Cli. II. (ltisteropoda .Trochus inuMpialis 


green sand. 


Rock. 

.... chalk .. 

onustus, Nils. . 

guigitis,, Bt. 

UUodani, Kt. 

nrr»nles, Bt. 

linearis, M;m(.. 

n^lutiii.iiis!*. 

liic.iriniitus .ditto . 

reticulatus ? . gault. 

-, Phil. MS. .. green Hand.' 

Solarium taluilatuui, Plul. .. gault. 

Cirrus depressus Mant. ... chalk. 


lit llnlish Localities. 
Sussex. 

l-S'm . 

Simllitunrn, l.yme , 


iv»u>. 


lit rinri.,11 i.ui.iinis 


plicatus . 

Sower hi i, Mant. 

granulatus. 

perspectivuM , 
-Phil. .. 


green Muni. 


(.'crithium exeava turn . 

Pyrula pluiiuhitu, Nils. 

minima, Haul. 

Murex (jimdiatiiM.. ditto 

calcar.ditto 

Robtcllana nnsernia. Nils.. 

Parkinson!, Man’. . . ditto 

calcamta.lit to 

tissura, Lam. 

Ptciocenw maximum, 11 am. 

StiomliUH p.ipihon.itiia, Ham. 

Dolium nodosum .chalk 

stnatimi, VN'oodw. .. ditto 

Khtirna-, J5t.ditto 

Voluta ambigim, Mant.ditto 

Lainherti i . 


Siism'x. 

Ditto. 

Ditto. 

Spcetou. 

II j tlu>. 

Speeton. 

Sussex. 

t Folks tunc, Noilington, 
\ Sussex. 

Hanibcy. 

Lewes. 

Ditto, Noithtit'ct. 

I!) the. 


clialL.Kopiuj*. 

. green *an«\. Perte du Khoiie, Pi/. 

ditto .Ditto, ditto. 

• ditto.Ditto, ditto. 


ditto 


• Aix la Chape lie. 


Blaclvdown. 

Ditto. 

Sussex, Yorkshire . 
Blaekdijwii. 


ditto .Perte du Rhone, Aix la Chapello. 

chalk.Hoping. 

green hand. Aix U Chapcllo. 


chalk.Hoping. 

green band. IJochun;, CocsfelJ. 


Clayton, Sussex. 
Nmwieli. 

Sussex... 

Ditto. 


ditto .Aix l.i Chape lie. 

..Mnrtigues. 

chalk.Mucstrurht, Aix UChapelle. 


green wind. Peitc du Rhone, 
chalk ..... Mumhuhl. (ll.en.) 


The numerical predominance of the holostomatuus 
gasteropoda over those which have a notched or canali- 
leroiis mouth, is rather less conspicuous in the chalk 


than iu the oolitic rocks ; hilt yet it forms a remarkable 
contrast with the enumeration of species in the teiliary 
deposits. Probably all the species are peculiar. 


Family. Name. 

Cephalopoda .PUnulariu elliptica, Nils. .. 

angustn, Nils. 

Nodosaria sulcata, Nils. ... 

l.TVigata, Nils. ..... 
Belem nit es inucronatus, Sclil. 

granulatus, Dcfr. ... 
lanceol.dus, Schl. ... 


hock. 


In liiitisli linealities. 


Itnik. 


Ill Foreign Localities 
Chiiilotti'idn.ud, Sweden. 
Hoping, Scania. 


Listen i 


utti'iiiintus. 

minimus. Miller .. 
nianiinillatiis, Nils, 
scan i:is Nils. .... 
Baculites nnceps, Nils. .. 

0l1li4u.it us. 

Panj.isii.. 

veitebrahs, Faun. .. 


duik.{ s,, Y;;, x ^hirB t ?. } 

ditto .Lewes. 

ditto .H.uusey... 

( Sussex ; red chalk, Y ork- 

K" ,,M .1 slur... 

ditto .Nussex, Folk.stone. 

ditto .Poll<stone. 


( chalk ami I,. 

{ , >Scania, 

t green sand ) 

chalk .... Ditto. 

.. j Mention, Marsh icht, Poland, Suu- 

1 1 0 .| den, Aix la (*ha|>ellc, Norniamly. 


Quedhi.huig. 


chalk.Lewes, ll.unsey, 

ditto .Norwich. 


II a u les arm itus .... 

mixiimis. 

intcuncdiuH .... 

tenuis . 

rot ui ulus . 

compressus .... 
raricostatus, Phil 
Beanii, Y. and U. 
PhiLlipsii, Beui; 
spuiulosais .... 

K'K‘ ls .. 

grand is. 

plicatihs, Mant. 
nlteriiutus, Mant. 
elliptirus, Mant 
attenuates. Mant. 
fuiiatus, Bt. ., 
canteiiatus, Bt, 
virgulatus, I3t. . 
rjhudricus, DefV. 


. . . ditto .... 

Su-isex. < Kuii. 

. . . gauIt .... 

Sussex, Y’orksliire. 

. . . ditto .... 

Ditto, ditto. 

_lliltu .... 

Sussex. 

... dltt. 

Ditto, Yoikhhire......... 

... ditto .... 

Sussex.. 

... ditto .... 

Spec! on. 

.. ditto _ 

Ditto. 

... ditto .... 

Ditto. 

... green Kami 

Klurkdown. 

.,. ditto .... 

Ilythe. 

... ditto .... 

Kent. 

... gault .... 

Spotton, Sussex. 

... ditto .... 

Ditto, ditto. 

... ditto .... 


... ditto .... 

Ditto, S|ieoton. 

... 



. Ign I’leigH in Si an..i. 

...Scam.i. 

chalk .... Bal • la ig. 
ditto ..... Scania. 

ditto .Pans, Sweden, M.iestiicht. 

ditto .Macbtncfif, Noi mainly. 

ditto ..... M.iestuchf. 


green saiul. Aix la Chap vile. 

ditto .Perto du Rhone, Aix la Chapel lc, 

ditto .Nice. 


chalk.Normandy. 

green sand. JVrte du Rhone, Vu. 

ditto .Perfu du Rhone. 

ditto .Mont «le Pi/. 

chalk.Noi'ioiei’v. 

1 s 2 * 


O', .ill ijy. 
i li. II. 
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GEOLOG Y. 


CM.. II. 


Family. 


Hoik. 


In IJrilish f.oi'.ilitit“*. 


Hulk. 


ephalopuda . Tlamites Paikuisom. 


WlitH. 


glbbo.sus. 

IP*«!t ■ • • 

Kulksloii". 


sponger .. 

.litto .. . 

Hutu. 


tnbereiilatus. ...... 

ditto . . . 

Dilln. 


turgidus . 

ditto .. . 

Ditto. 


lmdosus . 

.1.110 ... 

IJniii. 


liaciiloides, Mant. . 

ditto . . . 

Ditto. 


-, I'liil. MS. . 

dll to .. . 

Dit'o. 


Scaplutes obli«juus . 



. rh.ilk 

costatiiH, Maul . 

eli. ilk .. 

Sussex. 


htii.it us, l\uk . 

ditto ... 

D.tto . 






Turrililes costatu* . 

•linn ... 

Sussex. Wilis. ... 



In Foreign Localities. 


‘‘h.ilk.Rouen; green sand, Mont de Fix. 


ditto 


i'nft if*u 


AtuuUh* 


iiu«1ii1.i(iih, Mant 

tuln-rciil.it'is .ditto . • . . . 

Bergen, lit. 

Jlahih. 

-- Kisso. 

oblujnus .grien sand. 

. ... Ammonites rnirtus, Mant. . chalk .... 

Dr! i u*i, Ht. 

.... Ammonites Slolwi. Nila. 


Sussex. 

Ditto. 


Dev i/es. 

SlIS'l K. 


green sand. Porte du Rhone, Fia. 

ditto .Mont de Fix. 

ditto . Maritime Alps. 


Selliguintis, lit. . . . 

Pci ul anti, 1U. 

Lumber!i ? Sow.... 

AbiCiftrtfthnh .Nuttieldiensis ..... 

Lewesicnsis, Munt. 
peratiiplus, Mant. . • 
iiodosoideM, Stern!), 
trisulcosus, Phil. . . 

lot ilia . 

vr mist us, Phil.’ ... 
com-mnus, Phil. ... 
nmrgmatus, Phil. . 

Arnmtx .iiurlrtls, Phil. 

KotolIMglMISlS, Bt. . 

Mantel li. 

td rum mat us et mo-1 

nile.J 

hippiicaHtiumm . ... . 

Woolg.iri, Mant. 

rust inis. 

rostr.it ns. 

liaviciiliuis, Minit. .. 
i*lav itus, l)e Luc. .. 

Geuhmi, Defr. 

In sti ix, Phil. 

catums, Mant. 

catilliis, Mant. 

Prn/nii .KplendeliH . 

vi rgat i is, Goldf. .... 

liillatus. 

hiatus, Mant. 

siuutira, Mant. 

dentatus . 

iMiiteriatus, lit. .... 

•* varicosus. 

i* denarius. 

? Goodluiltii........ 

Dennett in* . 

piohosctdetiH . 

P planus, Mant. .... 

Ornati .Ammonites vnnans. 

coupri, lit. 

J’Vt'jrwisi .. •. •. -fale.it us . 

CUIV.ltllK . 

roust rut us.. 


K-iult- 

green sand 
ch.dk ...., 
ditto ...., 


Ymkshiie. 

Nut Held, Wilts. 

Sussex. 

Ditto. 


•.Vertis du Rhone, Mont de Fix. 

gteeu sand. Kopiiigtniiull.i. 

chalk t Lublin, Poland, Essen ; green snnd, 

I Fix. 

green sand. Porte du Rhone. 


gault 

ditto 

ditto 

ditto 

ditto 

ditto 

chalk 

ditto 

ditto , 

ditto , 
ditto , 
ditto 
ditto 
ditto 

gault 

ditto 

chalk 

ditto 

K«»t1 


, Y 01 ksl are. 

, Ditto. 

, Ditto. 

. Ditto. 

, Ditto. 

, Ditto. 

Sussex, Wilts. 

Sussex. 

(Ditto: green sand,Black 
t down. 

Lyme. 

Sussex. 

Ditto, Lyme. .. 

Sussex, OxfonlshitV 
Sussex. 

Ditto. . 

Yorkshire. 

Sussex. 

Ditto. 

Ditto, Kent. 


chalk.Essen, Topi it/. 

.. Bohemia. 


ditto .Rouen. 

ditto .Saumur, Bochum, Ilunoier. 


ditto .Bochum. 


green sand. 

gault. 

ditto . 

ditto . 


Wilts. ...... 

Sussex. Kent. 
Ditto, ditto. 
D.tto, Wilts. 


green saml. Fir 
chalk.Rouen. 


greensand. Moscow. 

ditto .Pcite di. Rhone, Rouen. IL.ivie, Fix. 


green sand 
ditto .... 
ditto ..... 
gault ...., 

ditto . 

ditto . 

chalk ... •. 


Black down. 

Ditto. 

Ditto, L\me, Sussex. 
Wilts. 

Kent. 

Yorkshire, Sussex. 
Sussex, Wilt* . 


ditto 

ditto 


Sussex . 
Ditto. 


ditto .Duet. 

ditto ..... Pei te du Rhone. 


ditto .Vise, Bochum ; chalk, Rouen. 

ditto .Rouen. 

chalk • ... . Ditto. 

ditto ..... Lublin, Poland. 


The following spri-ies ore difficult to tiriungc under any of Von lluch’s tribes. 

Name. IWk. In DiitUh I^M-aUln-«. Rock. 

11 ml at u« .. chalk.Sussex. 

pbimdatiia.grwtt swumI • Ditto. 

rouiplanatus, Mant. . chalk.Ditto. 

lievigntiiM.gault Ditto. 

parvus ? .ditto ..... Specton. 

curvinodus, Phil. ■ • • ditto ..... Ditto. 

Ik Luci. Bt. .... 

Mibcristutus, IX* Luc. .. 


green «ind . 
ditto . 


In Foreign l.fiudili s. 


IVr f e du Rhone. 
Ditto. 


Geolinfv 

(Mi II. 







































































































G E O L O G Y. 
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Geology. 
i:h. II. 


Family. \urn.'. R(xk. Til III itl.li I.u,*atilii*ii, lt.ick. In tVfiii|;li I-IH‘11 1 11![■ ■- , 

A. cri.tahis ..ginilt.Folkstone. 

inuiiitus.ditto .Ditto. 

Ccphah.pod .1 .Nautilus elegnns .chalk ..... Sussex ; green gaud, Wilts chalk.Horn'll; grt-in s.nitl, II,me. 

expausits .ditto .Sussex. 

iiio-'quiilix .gault ..... Ditto; green sand, Wills. ..Mneshieht 9 

.implex.grot'll Sunil , lllacl.il.mil.ditto .Hoin n ; grem s.uitl ? Aix UGh.ipelle. 

apvrtiiratus.. .Mm-stucht. 

iinduUtiis.ditto .Ditto.green salul - Hoi hum. 

pseudopompilitis,Sclil. Uoiumi, lVngiioiix. 

olmcni im, Nils.Hoping. 

radintiis ...ditto .Mn'.tun, Devon. 

(Lenticulites) t'omploiu ... ditto ..... Wilts .. chalk.Scanlii. 

cristell.i.ilitto .t’li.irluttenbnnd, Sweili r». 

Litnolites niiutilimleii, I.mii.ditto .I’.uu. 

ditlWmis. ..ditto .Ditto. 

Nmnimiliti's huiticul.iria, \ ,l,ti„ i Mncstrichl; green sand, Ais la l li.i- 

(llmn.) .I . .I I'cllc. 

Faujasii, (Iltrit.) ...ditto .Muesliicht. 

J Alps of Savoy, Dauphin!-, anil l'm- 

■ - - - ...green gaud. ) vence, Mniitiiiie Alps; chalk,Wnn- 

" liohla, Kaxeuy, I’y leaves. 


(.ci'.ig), 

t II. 


The cephalopoda of the cretaceous system are mostly 
peculiar to it; tititl not only minutely, but very ob¬ 
viously, ittitl often gcnorically characteristic of it. Iltt- 
mitos, baculites, scapbites, lurrilites, the dentatetl am¬ 
monites ot Von Illicit, are exclusively confined to the 
gault, green sands, am! chalk. Jt is very remarkable 
how nearly the whole series of ancient cephalopoda 
ends with the chalk, and without being represented, ex¬ 


cept in a very small degree, by new forms of the same 
class, seems to yield place to a vast augmentation of the 
number of the gastcropodoiis molliiscn, which through 
all the tertiary system maintain that numciical predo¬ 
minance over the oonehifera which is observed in tin- 
actual system of Nature. The names in the pin filing 
lists are chiefly taken from Sowerhy’s Minn-ul Com for 


Annui.oha. 


Nsini**. 


Ycvmuidnriii (Venuetus of authoia) 

pol \ t'tindlis . 

concuviiM. 

mnlumnt.i .. 

Snwt-ibii . 

StTpula curiiirllu... . 

antifpiutn . 

rustti'u . 

Hiticulata. 

ampidl.icco.. 

JlU'XIlM. 

oljtllMl.. • 

flucttuU . 

miicropiiM. 

bpiruliua . 

gruuulata . 

pi ami, Woudw. 




lt.sk, 

green sand. 

ditto . 

ehalk. 

ditto .. 

green sand. 

ditto . 

giuilt . 

ditto . 

ehalk. 

ditto . 

ditto . 

ditto . 

ditto . 

ditto . 

ditto . 

ditto .... 


Iii Iliitikli Iintiili'ii'v 

llythe. 

Sussex, Wilts. 

Stlssi'X. 

Ditto: g.ndt, Speeton. 
Hlaekdou-n. 

Wilts. 

FolUtom-. 

Ditto. 

Sussex, Nmlolk. 
Susiex. 

I’arh.iin, Xoifoik. 
Norwich. 

Noiliilk. 

Norwich. 

Ditto. 

Ditto. 


The difficulty of determining species in these variable 
shells is such, as to throw great doubt over these de¬ 
terminations, made for the most part from single speci¬ 
mens. Objections of the same kind strike us on ex¬ 


amining the twenty-one species of auiiiilosa figured by 
(loltlfuss from the cretaceous strata of Westphalia and 
Maestrieht. The following list contains their names and 
localities. 


NtUTlP. Itrtik, 

Serpula tracliinus, G .. 

lophioda, G. ..... •. •. 

1/rvis, G. 

triangularis, Miin. 

dracoimcfphala, (■. 

<U*prt»Mi, G. 

rotula, G ... 

quad near luatu, G.... 

cincta, G. 

arcuata, Mun. 

■iibtorqiuita. Mini. 

acxan^ulariM, Miin.... 

BtXNulcatii, IVa tin... 

Noeg^erathii, 'Mini. 

orccttt, G...*.... 


In Foreign Luc.ililies. 
Kswn. 

Ditto. 

Ditto. 

Itinkcrodo near Munster. 
Muestiudit. 

Kssen. 

Ke^enhbur^. 

Ditto. 

Kmh*u. Ooesield, Aix. 
Kerens bui 
Near Munster. 

Ditto- 

AllllHM)f. 

Near Munster. 

Maestro, hi. 
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Name. llocV. In feomliiics. 

» h. II. s,,| l 1,11 omphisbama, G.Macstucht, Bochum. 

. spirographix, G.... Kssen. 

parvulu, G.Ditto. 

suhrtignva, Mini .Baumbcrg near Munster. 

crenatn stnutu. Miln.......Ditto. 

.llncatu, Miin.....Kinkerude near Munster. 


Genlogv. 
Ch. JL 


Crustacea. 

^iimf. Hoek. In British Localities. Rock. In Foreign Localities. 

Antaeus Lrueliii, Mant.chalk.Sussex. 

or not us, Mill.gault.Spccton. 

Kusscxieiism, Munt... chalk.Sussex. 

hmgmmiius, Sow. ... green aaiul. Lyme. 

--Maul.gault.Sussex. 

--Phil.ditto.Sperton. 

IWmmrtis-, N. S. Phil., ditto.Ditto, Yorkshire. 

Piigurns Kanjusii, Desin. ... chalk.Sussex.Maestricht. 

Scjll-.rus Muntelli, Drum. .. ditto.Ditto. 

Kryon —- Mmit.ditto.Ditto. 

Aie.iuiii-Mant.gault.Ditto. 

Kry.ri--Mnnt.ditto.Ditto. 

Corystcs-.Mant.ditto.Ditto. 

C'lHItIPEDA. 

Name. Rock. In British Localities. 

l’olliciprs sulcatus. . . chalk . Lewes, Norwich. 

maximus...ditto.Northfleet. 


Pisces. 


Name. Ruck. 

Sijii.ilus, coin]urcd to S. 1 , 

imistclus. Moot./ 1 

- -S. gideiis, Mnnt.... ditto.. 

Mnricnu LeivcsiensiM. Muut.. ditto . 

/.cos Lewesieusis.Mil).. 

Salino? I.ewesiinsis, Mant,. ditto.. 
Anna ? Lewesieiihis, Mant.. ditto.. 

Pisli, purls of... gault * 


to British Luuilities. Rock. 


Sussex. 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Y orltsl lire, 1 sle of \Y iglit; 
clialk J .yule ; giern 
baud, Wiltshire,chalk, 
Wiltshire, Norfolk, 
Sussex, Ike. 


> chalk... 


Ia Foreign Localities. 


Pans. Bochum. Aix. 


RePTILIA. 


Name. Rock. In llrlitsU Localities. 

Mos is.mriu Ilidiniamu .... clialk.Sussex. 

I TIKMll ilus, Cuv. 

Icht liyosaurua, Plul.gault.Spccton 

Gcosaiirus. 

Pic.ios.iunis, (Harlan) . 

Sitinorepli.dos liuiceil'oriius, ^ 

t Harlan). ...../ . 

Sauroduii Lcaniis (Uurlau).. 

Cheloniu.. .......... ..... 


Hock. 

chalk. 

green saud. 
ditto. 

ditto ?..... 

ditto ?. 

ditto. 


In Fureiitn Localities. 
Maestricht. 

Meudon. 

New Jersey. 

Ditto. 

Missouri Territory. 

New Jersey. 
Maestricht. 


Genervl Summary. 


Plants .. ‘22 

Polyparia . 142 

Hadiariu . 95 

Concliifera. 311 

Mollusca .. 206 

Cirripeda .. 2 

Annnlosa. 37 

Crustacea .. 13 

Fishes. 7 

Kept i’es. 0 


species, chiefly marina. 

. 52 Khrosa anil carnosa, corticifera. 2. 
/ til celhdifera. 
t 27 laniellifera. 


{ 


99 plagymynna. 
123 niusomyunu. 
17 rudista. 

72 lirachiopoda. 


73 gasteropoda. 
133 cephalo]ioda. 


t>43 species, almost exclusively marine. 
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Tertiary System. 

J We liave now arrived at the last system of strata de¬ 
posited in the sea and in lakes; before, as is usually 
stated, the present races of land animals and plants 
were called into existence. It is usually stated to be 
' limited as to time between the era of the chalk and the 
beginning of the modern zoological period; but this 
definition is something arbitrary in application. As we 
have seen, on previous occasions, the several systems of 
strata, however distinct in the great mass, gradually 
soften into each other at the lines of junction, and some¬ 
times exchange beds, so as to form (he whole into a 
natural and connected series, so it may be with the pre¬ 
sent set of deposits in relation to the chalk. In Eng¬ 
land, indeed, as already remarked, this kind of transition 
from the chalk to the tertiuries, is nowhere distinct, nor 
are we entitled to say decidedly that at any point on the 
Continent of Europe it is well ascertained. 

The blending, however, of tertiary and cretaceous 
rocks would, if established at many points, occasion no 
peculiar difficulty jq their arrangement, nor alter one 
just inference drawn from previous observations. It is 
to be expected from every thing that is known of similar 
cases, that the great and abrupt cuange between the 
chalk and tertinries in England and in France will be 
in sonic other Countries divided into easier gradations, 
and thus the maxim natura non facit saliva, will be 
found to prevail in this case as in all others. 

A greater difficulty however occurs when we attempt 
to mark the modern limit of the tertiary system ot 
strata, arising out of several circumstances important in 
their history, which scarcely required notice amongst the 
older deposits. 

The ancient systems of strata were almost eutirely 
marine; but . 

1. The tertiary system includes not only marine, but 
lacustrine deposits, which sometimes alternate with the 
marine strata, sometimes appear unconnected with them, 
and in several instances were evidently altogether in¬ 
dependent of them and of each other, being formed 
separately upon the elevated lauds under the influence 

the ordinary processes of drainage. Now as similar 
causes have been in operation long since the tertiary 
era, and are in operation at present, it is often for this 
reason very difficult to say what is really the Geological 
antiquity of a lacustrine deposit, whether it be of the 
present epoch, or belonging to the tertiary or some in¬ 
termediate system. 

2. Within the tertiary era a variety of land mamma¬ 
lia came into existence which are now extinct, and whirl) 
it appears had become extinct before what is called 
the diluvial detritus was scattered, and the elephant and 
hya'ua were destroyed in Northern climes. 11' instead of 
antediluvian wc should say mastozootic, and instead of 
tertiary, pulteotherian, the generally received inference 
on this subject is, that the two periods are clearly and 
distinctly defined. Most of the observations support 

’ this view ; but in a few cases palamtherian and masto- 
zootic remains occur together, and are supposed to 
prove that the changes from the earlier to the latter'* 
system of organic nature were, like all the preceding, 
gradually accomplished; that before the palieotheria 
had become extinct, the ox, mastodon, and rhinoceros 
had begun to exist. 

3. But allowing, for the present, that the palscolheriun 
and mastozootic remains are of different ages, anil 
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agreeing by these diameters to separate Ihe ildmial 
from (lie tertiary deposits ; bow are we to apply this dis- t'li Ii 
tiuctiou drawn from the quadrupedal tenants of the l.md 
to the marine strata, in which their reuinins hardly ever 
occur ? Or if, ns in England we find quite easy, we should 
characterise the diluvial deposits by the mode of their 
occurrence over all the marine strata, what is to lie done 
with strata like the Sicilian tertinries, which have perhaps 
no contemporaneous analogue raised above the sea. and 
are supposed to show no trace of diluvial cnrients? 

4. The tertiary class is ollen supposed to include only 
the deposits which happened before the present system 
of organic nature was established. But do Geologists 
really admit what these words imply i We who have 
used these terms, and have come to reflect on their 
meaning, answer certainly not, either in theory or in 
practice. For the present system of organic nature is 
most certainly recognised in nearly all the marine ter¬ 
tiary strata, if we trust to the evidence which in every 
other such case has been thought the best: viz. the 
marine shells. The shells of all the terliury marine 
strata are proved by various degrees of evidence to belong 
to the present system of organic nature, for the genera are 
almost universally the same, though the numerical ana¬ 
logy of the species is very unequal in different deposits. 

Neither is it true, that what are culled lacustrine ter- 
tiaries can in all cases be pronounced to contain exuvia: 
of another system of organic nature; tor if this could 
hardly be asserted of the basin of Paris, what is to be 
said of Aix and (Eniugen ? 

We come now to the terrestrial accumulation, that, is 
to the diluvial and alluvial aggregates, containing bones 
of quadrupeds in characteristic abundance, uud com¬ 
bining with these the notices of similar remains in 
lacustrine and marine deposits, the causes of past am¬ 
biguity, and the hope of future distinctness appear to¬ 
gether. It can hnnily be doubted that the land nccumti- 
iations are capable of being classed by the reliquuc of 
land animals which they contain ; and this classification 
gives us the diluvial era, clearly separate both from the 
more recent and (if there be any remains of such) the 
more ancient alluvial periods. But this distinction of 
the races of laud animals into periods, applies only to 
the laud, anil the extension of this classification to the 
productions of the seu can only cause utter confusion, and 
distrust of the inferences to which more legitimate pro¬ 
cesses would probably roiulncl us. In u less degiee the 
same confusion will arise from applying this classifica¬ 
tion to fresh water deposits, ns the mixture of extinct 
qundriipeda and recent molhiscn at Market Weigliton 
in Yorkshire fully proves. 

To be consistent, we must certainly allow that the 
rare* of land animals might lie altogether changed 
without any corresponding change of lacustrine or ma¬ 
rine shells, and wc must limit our dussific.itions to their 
just application. Wc must judge of the age and oilier 
characters of supracretaceous marine strata by compari¬ 
son with what is known of the modem condition of the 
sea; the lacustrine deposits of the same era must be 
compared to the standard of the modern lakes ; mid the 
terrestrial accumulations will derive illustration from 
comparison with the modern state of I fie laud, and the 
aqueous agencies upon it. In some instances at present, 
and it is to be expected that hereafter many more will lie 
established, (he relative epochs of certain terrestrial, 
lacustrine, and marine phenomena may lie determined, 
but it is not the less certain that these phenomena 
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belong lo three independent series which must be 
studied apart lie-lore they can he understood together. 

It must he evident from what has been said before 
that a considerable proportion of the old strata had at 
the commencement of the tertiary system been raised 
above the sen, some parts by violent, others by gentle 
and continued elevation. In the latter way, we imagine, 
the chalk and oolites of England to have been a little 
raised above the sen at this period, so as to leave broad 
planes of the chalk rising gradually from the sen, and, 
of course, exposed to the violence of it- shores, and other 
parts dry and fit for the growth of plants and the resi¬ 
dence of animals. In France the same effects may 
be supposed to have happened round the greater part 
of tin- basin of Paris, while the old granitic rocks of 
central France, had sometime before raised themselves 
to nearly their present altitude, and constituted a shotc 
for the oolites and (fie chalk. The mountains of 
Britt.mv, the chains ol the revenues, the Jura, and 
tin- \ osnes were also conspicuous ill France, while 
the lllai'k Forest, Odeuwalil, liar/., Erzgebirge, atul 
Mohemiiu mountains generally had assumed their 
present telalive heights. Also all the primary tracts of 
Britain, Scandinavia, Finland, and the lira! had long 
since ciicum'-,ci ilicd the ancient sea, or basin of Europe. 
But as yet the Pyienccs and Apennines, the Alps and 
<'arpathi.vns, lmil been only partially raised from tlie 
deep sea, though enough il would appear to divide thu 
ocean into limited seas, gulls, and bays, in which the 
ternary strata were to be deposited. 

This brief sketch will convey a tolerable notion of the 
observed extent of tin* tertiary deposits in Europe, 
The Eastern and South-Eastern parts of England, a 
laige tract lound Paris, another equally large area in 
the South-West of France, detached deposits in the 
Inure and the Allter, the valley of the Rhone, the valley 
of the Rhine from Basle to Mnyencc; the great hollow 
between the Jura and the Alps, the plains of the Danube 
and the Po, the snhapeimine region, many points in 
Southern Spain, the central liasin of Bohemia, these 
are tin* tracts at present host known, but they are not 
the most extensive. From the Ardennes, liar/, Riesen- 
gebirge, Carpathians, and Caucasians, great part of the 
space North-Eastward to the primary rocks of the Out al 
and Finland is composed of a variable mass of tcrtiaiy 
rocks resting on secondary and primary formations. 
The Eastern coasts of North America, large areas in 
Northern Africa and in the region South of the Hima¬ 
laya, are covered by tertiary rocks. 

As far us appears at present, the marine parts of these 
deposits were loitned beneath waters, some of which 
were connected with the Herman Ocean, as the Eastern 
parts of England, the Northern parts of Germany, &c\, 
ollters with the English Channel and the. Atlantic 
Ocean, as the South of England, Paris, Bourdeaux, and 
tile remainder branched off front the Mediterranean, the 
Black Sea, the Sea of Azof, the Caspian. &e. 

As in the present day the molluscous productions of 
one sea are distinguishable from those of another, by 
differing according to latitude and local circumstance-;, 
according to the nature of the coasts, influx of rivers, and 
many other causes, so we may expect the case to have 
been formerly. This is found to be the fact. The ter¬ 
tiary strata have several common and characteristic 
features, but they show differences of great importance, 
both mineralogical and organic, which clearly indicate 
l!-e difference of circumstances of their production. 


We shall first describe the English tertiaries, dis- (},. 0 | 0k ,y 
tiiiguisliiiig them as marine and lacustrine, and we shall (jh. It. 
afterwards present a comparative view of the most re- v——e 
■ markable contemporaneous foreign deposits. 


Tertiary System of England. 

The following is a Tabular view ol the series of these 
deposits in England. 


l>p|H‘r marine I 
limitation. J 


Crii£, a local marine deposit, consisting 
ot two parts ; one a coarse, calcareous, 
zoojih) tie, ami slielly roitk, the other a 
loose deposit of sand, pebbles, and 
shells... 


30 or 40 


Lnrtishim* de l 
posits.| 


Lower marine] 
formation. ] 


Kudosing between them an intervening 
lu)er of marine, or inarino-lacustrine 
shells, &c. 

ILigshot band. 

London clay, with sepUria rich in shells. 300 to COO 

Plastic clay group, consisting of mail 
covering the chalk, coloured clays, 
lignites, pebbles, ami sand, with shells. 


We must here observe, that in the preceding Table 
there is probably a hiatus between the Loudon clay 
and the lacustrine deposits in Hampshire, that there is 
no e;v-e where the crag overlies the fresh-water beds, 
they being found only in separate districts, and that il is 
also probable that a hiatus exists between the London 
clay and the crag. Notwithstanding-the want of direct 
sections, comparisons with the tertiary strata of other 
districts appear to warrant us in classing the crag as a 
more recent deposit than the lacustrine beds. This will 
appear in the sequel. 


The L»wcr Marine Formation 

consists of two principal groups which are in many 
eases very distinctly characterised, and always appear to 
indicate considerable difference in the state of the waters 
which produced them. 

The plastic clay group consists, generally, of green, 
yellow, and white sands, with or without marine shells, 
layers of rolled Hints, occasionally furnishing attach¬ 
ment to oysters, clays and marls of a yellowish o^ 
bluish colour with shells, and sometimes of many various 
tints, and then mostly devoid of shells. Beds of lig¬ 
nite also occur in the sands of this group. 

The Map will show with sufficient accuracy the gene¬ 
ral range of this group from Essex through Bucking¬ 
hamshire to Reading and Ilungerford, and on the 
North side of the Kiugsclerc ridge of chalk, to Guildlbrd 
and Croydon, and through Kent to.C.hatham, Canter¬ 
bury, and Deal. South of the Kingsclere and Wcalden 
ralge it ranges above the chalk from Nevvhavcn and 
Bnghlou by Chichester near to Arundel and Houghton 
Hill, and thence lo Dorchester, including the pipe-day 
of l'uole Heath, anti turning Eastward again tbrms a 
narrow ridge of vertical strata between the chalk and 
Loudon clay of the Isle of Wight. 

The sections of the plastic clay group are usually con¬ 
sidered to be very irregular* and confused, and so, in¬ 
deed, they are, and mark, upon the whole, a turbulent 
period and varying velocities of water. But wc believe 
it possible to arrange tlie.se varying sections so as to 
present a tolerably consistent Tabular view thus* 

Plastic cluy group. Upper part, consisting of Coloured sands and 
(.•(limited clays vnth lieds of lignite, and 
uccasi mat layers uf Hints. 
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Plastic clay group. Mulilte part consisting of blue day. nr nrirl. 

with O’rilhia ami other slu-lls, soimtum's 
alternating with samls, with or without 
shells. 

Lower part containing green samls often 
associated witli hints uml pebbles, mu) 
occasionally full of oyster shells, slnuks' 
teeth, Ac. 


The following section of Loam Pit Hill, near 
Lcwishntn in Kent, hy Dr. Buck land, will serve to 
convey a good notion of the general characters of the 
plastic clay group near London, except that the quan¬ 
tity of rolled pebbles is smaller than usual. 


t I'twr part, consisting of T>1t feet of highly coloured nml nirie- (Jenin"!' 
gated pipe etuy, white, yellow, grey, and hluekish, mid idler t'h. IL 
noting even minute!) wilh henutifiihy enhnued sands. Near » 
the mbhlte are three liuiU ul' lignite, in which flints and vine. Y 
table leliijulle are oWrvul.le. uml further to the Ninth (iiea.er 
the topi are tii e other heds ot the same sort of coat, ouch a font 
think, under this is a series ol coloured und vaneiriited samls 
Hi!I feet thick. 

Middle part, Pink blue clay 200 feet thick enclosing much green 
earth, und itodtdes ot a dnik aigdlacenus limestone with shells. 

(('•)theieii, Sir.) 

Lower pint, Green, red, and yellow sand, CO feet. 


The London Clay 


ImkIuii Chvj above. 

Feet. 


Alluvium ... 

Striped sand, yellow, fine, and iron-shot... 10 

Striped loum and plastic clay, containing a few pyritirnl 
casts of shells, and some thin leaves of carbonaceous 

matter . 10 

Yellow sand. 

Lcud-colimiod elay containing impressions of leaves. 2 

Brownish clay coiitaing ry therm, estimated at. (i 

Three thin heds of clay, of which the upper and lower con¬ 
tain cythererc and the middle oysters . 3 

Loam Hiid sand, in its upper purt cieain-ciilutued, and con¬ 
taining nodules of triable marl, ill its lower part sandy 

and iron-sliot. 4 

Bed ol' ferruginous sand containing Unit pebbles. 12 

Course green saml, containing pebbles . !» 

Ash-coloured smiil, slightly niicaeeoiis, without pebbles or shells Ho 
Green sand identical with the Rending oyster beds, contain- 

ing green-coatedtrhalk Hints hut no organic remains... 1 

Chalk with heds and nodules of black flint 


The green surlily lower part of the group, with or 
without pebbles, oysters, and other shells, nml sharks’ 
teeth, appears to be constant and very characteristic, 
being found at Sudbury, Heading, Woolwich, &c.; and 
also occurring in the Isle of Wight. 

The blue shelly clays of the middle pftrt are vvelj de- 
\tloped ami rich in lossils, (much analogous to those of 
the London elav,) about Woolwich and other parts of 
Kent, and attain the monstrous thickness of 200 feet in 
the Isle of Wight, but they are not so continuous as the 
green sands. In the New Forest, and at Nevvhavoii, 
they much resemble the Woolwich beds in their zoolo- 
icnl contents. 

The upper series of coloured sands, clays, and lig¬ 
nites, arrives at great importance in Hampshire, lmt is 
only feebly traceable around London, and appears quite 
unknown in Essex and Suffolk, and generally on the 
Northern rise of the chalk from the Vale of the Thames. 
The pipe clay of Poole in Dovsetshiie, which is of white, 
grey, or blue colour, belongs to this division. It over¬ 
lays a scum of friable lignite (brown coal) somewhat 
like Bovey coal. 

There are several layers of white pipe clay at Poole 
Heath, three to five, feet each, alternating with black sand, 
red sand, and brown clay, and covered by white sand. 
All along the North side of the range of chalk hills 
which extend front II and I nst Point to beyond L'orfe 
Castle, there is an extensive stratum of pipe elay in tr 
horizontal position. It contains a bed of coal exactly 
resembling that of Alum Hay in the Isle of Wight. 
(Webster, in Geology of England, p. 53.) 

The celebrated section of Alum Bay, for which vve 
arc indebted to Mr. Webster, exhibits the vertical heds 
of the plastic clay group of the astonishing thickness of 
more titan 1000 feet. 

The series here admits of the same general divisions 
mentioned above. 

vot.. VI, 


is a very simple argillaceous deposit, of considerable Kxti.-nt amt 
but vnriuhlc thickness, in one place (Wimbledon) ex- eh.imctcu. 
feeding even 530 feet, and in another (High Beech in 
Essex) 700 feet. It is usually of u lead-grev, or blue 
colour, hut dull brown and red clays occur in it, per¬ 
haps most usually in the lower part, tlreen grains are 
often observable in it, u tew sandy layers occur, and 
these, usually containing given sand, are indurated at 
Bognor and Seise a into a considerable rock. Septaria 
abound in it, and some imperfect lamina* of marly lime¬ 
stone have been noticed. lilies upon the plastic elay 
group over considerable tracts in Ksscx, Berks, Hert¬ 
fordshire, Middlesex, Hampshiie, Surrey, and Kent, on 
the Northern side of the Wcalden ridge, horders the 
Southern coast from Worthing to llordvvell, and sepa¬ 
rates the coloured sands nml- clays of the Isle of Wight 
from the fresh-water deposits above. It is chiefly inter¬ 
esting for the vast number, beauty, and variety of its 
organic remains, of which the cliffs at Harwich, Sheppey 
Isle, llordwell, Sluhhinglon, &c. are rich repositoiies. 
Considerable quantities were also obtained in cutting 
for the Archway at llighgntc. 

Having been much exposed to watery action, which 
it could ill resist, it is often left in insulated lulls, upon 
the substrata of sands am! clays. Mineral springs, so 
common to blue clays, rise in considerable number from 
the London clay near the metropolis. The most re¬ 
markable are those of Epsom, fiimous for their sulphate 
of magnesia, Bagnige Wells, and Acton. 

It yields little water to the well sinker, hut on being 
pierced to the sands below, or, as circumstances may 
require, to the chalk, great streams of water rush up, nml 
may even oveiflow the surface if the chalk hills which 
gather and transmit the water be sufficiently elevated. 

This is the case about London, under which subter¬ 
ranean streams flow from the chalk of Sittrey on one 
side, and that of Hertfordshire on the other. 

The Loudon clay possesses all the characters of a 
very quiet and continuous deposit, perhaps in deep 
water, yet not far from shore, since a few considerable 
remains of laud und littoral productions occur in it, us 
wood, turtles, and crocodiles, but no pebbles nor coarse 
sands. 

The temporary turbulence of the plastic clay period 
had wholly passed away, and only liner sediment in 
great quantities (bund its way to the sea. Shells ol fin* 
most delicate and fragile, forms are peifrctly uninjured 
in this elay, except in the rare case of its being lami¬ 
nated. 

Jlagihol Sand, 

We shall place the Bngshot sand described by Mr. 

Warlinrton (Gtological Transactions) above the'Lon¬ 
don clny, on which it rests in the only districts in which 
4 T 
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ns yet it as been much noticed. Bngshot Heath and 
Ilumpsb a 1 aie the |irineipal localities. Its fossils are 
li-w and impcrlcct, but are thought by Mr. Warburton 
to resemble some of those found in the upper marine 
lot iiialion of the Paris basin. 

Fresh-water Group. 

For our knowledge of the fresh-ivatcr tertiary strata 
of England, we are indebted to Mr. Webster. They 
exist only along the Northern side ol the Isle ot Wight, 
and on the opposite coast of Hampshire. After the 
chalk and older strata, together with the plastic clay 
and sands and the Loudon clay of the Isle of Wight, 
were thrown by convulsive movements into positions so 
extraoidinarv, the fiesh-water strata now to be described 
were deposited hoiizontally over the line of this great 
disturbance. What interval of time tnay have elapsed, 
or what intermediate Geological phenomena may have 
occurred between the dislocation of the chalk and ma¬ 
rine tcrliaiics, and the formation of the fresh-water de¬ 
posits above, cannot be discovered, at least in this situa¬ 
tion. It is in the highest degree probable, that very 
tumultuous deposits must have succeeded the convul¬ 
sive movements, and it is quite possible that under the 
iicsli-watcr deposits of Hoadcn Hill others may exist, 
which, if marine, might render more complete than it is 
the English series of marine tertinries. 

The fresh-water strata of the Isle of Wight are parted 
into two minor groups by an intermediate set of layers 
of light green marl, 3 (i Icet in thickness, containing in 
extraordinary abundance and great perfection marine 
shells of the genera potamidnm, volute, lusus, uatica, 
luieilla, eyclas, Venus, eythercu, ostrea, &c. These are 
distinct from the fossils of the London clay. Home spe- 


can he little doubt that it is really an ancient beach of the 
German Ocean. But about "Aldborongli and Orlord 
the crag assumes a totally different character, becoming, 
in fact, a zuophytic limestone, an aceretionary rock, 
formed by the cementation of coralline reliquite, shells, 
and calcareous sand, probably alter the manner of the 
(iiiudaloupe accretionary limestone, and a similar littoral 
formation on the coast of the Isle of Ascension. This 



coralline limestone contains some of the most charac¬ 


teristic shells of the ordinary crag, and is clearly of the 
same era as that heterogeneous deposit. 

The quantity of shells contained in the ordinary Shellsoftlio 
pebbly crag of Suffolk is beyond all calculation. The ^ r ®K - 
mime of crag i«, we believe, derived from a British word 
signifying shell, and the Suffolk pits have been for a 
longtime in work solely to manure the ground with their 
caleareuns exuviie. The number of species here buried 
is also very great. Upon comparing them with recent 
kinds we arc presented with very curious and striking 
results. There are several of the crag shells so exceed¬ 
ingly similar to recent shells of the German Ocean, that 
it is impossible to distinguish them. Turbo littoreus 
retains its colour, many others are with difficulty se¬ 
parated by minute discrimination ; but some, as the 
corals of Orlord, peclen priueeps, torebratula Dale!, 
and others, ore evidently unlike any thing now ex¬ 
isting in the German Ocean, and indeed not now to 
be painlleled in any part of the World. A small num¬ 
ber of the crag shells appear very similar to some in 
the London clay, hut in general they have lew common 
analogies, and I lie most cursory observer must he 
struck by the total difference of general aspect. The 
London clay shells recall to our memory the shores of a 
Tropical rhma/e, the crag fossils speak to us of an 
ancient race of shells of our own seas. But the corals 


ties in this bed are decidedly fresh-water mollusea, as 
neritma-likc liuviatilis, and mclanopsis. Potniuida, 
which are numerous, appear to indicate an estuary 
deposit; and it is probable that we may he justified in 
regarding the whole of this, which is called the upper 
marine of the Isle of Wight, as a local estuary deposit, 
caused by some temporary physical change in the region 
between the eras of the two decidedly lacustrine groups, 
which it separates. 

Crag. 

It an ge mat The most recent of all the marine stratified deposits, 

characters, is also one of the most irregular. It occurs only in the 
Eastern part of England over a nut row space of little 
elevation fiom the cliffs of Walton in Essex to beyond 
Aldborongli in Suffolk. It is also known to some 
extent in Norfolk, particularly at Bramerton near 
Norwich. 

Ill thin slant course the crag is found to rest on the 
London day at Walton and Bawdsey, and on chalk at 
Bramerton, being evidently a much later deposit than 
cither ami wholly independent of them. It exhibits 
also considerable variation of character. Us general 
aspect in numerous pits iu Suffolk is a ferruginous 
mass of shells, dark pebbles, and bones and teeth of 
fishes and reptiles, mixed up in a confused mass of 
sand, sometimes grouped into beds, and sometimes 
exhibiting oblique and disordered lamina*, very much 
resembling the general, character of a modern very 
shelly beach. And from the manner in which it lies in 
the country about Ipswich and at Bramerton, there 


are sni generis, and upon the whole, tho“e Geologists 
who are most desirous of uniting the crag deposit to 
the present system of Nature, must acknowledge that it 
hears the stamp of an ancient and peculiar era. It has 
often been stated, that bones of elephant, teeth of mas¬ 
todon, He. have been found in the crag. This mistake, 
as we believe it to he, may have arisen partly from the 
notion once prevalent, that frag was only a particular 
kind of diluvial deposit, and partly from attempting to 
supply cm omission in Mr. Smith’s Work, (Strata iden¬ 
tified,) in which the tooth of a mastodon is figured from 
a noble specimen now, with this original collection, de¬ 
posited in the British Museum, but without mention of 
locality. It was picked up under the diluvial cliff at 
llappishurgh, from which so many elephnntoidal teeth 
and hones have lhllen into the sea. A very unexpected 
addition to the list of organic remains of the ting, is the 
badger, (probably nndtslingmslmli’e limn the common 
European species,) of which good specimens ol the skull 
and leg bones ate in the Yorkshire Museum. 

It must evidently be of little use to give sections of 
such n deposit as the ordinary crag. We shall therefore 
subjoin only Mr. II. Taylor's account of the Bramerton 
pit, and mention that, in general its thickness is about 
30 feet, and its greatest height above the sea, in Walton 
Naze, 50 or 60 feet. 

Keel. 

1. Saial without organic remains... 5 . 

2. Grovel. 1 

3. lummy eaith... 4 

4. Red I’erriigiiimiH suuil, containing occasionally hollow 

ochreous nodules. 11 

5. Course white sand, with a vast number of crag shells. . l£ 
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6. Gravel with fragments of shells.. 

7. Brown saiul, in which in a seam of minute fragments of 

shells G inches thick. 

8. Coarse white sand with rrag shells, similar to No. 5. 

tellime and murices most abundant. 

9. Red sand, without organic remains.. 

10. Loamy earth, with large stones ami crag shells . 


Fort. 

'i 

15 


Total. 49 

Large irregular black flints crowded together iit situ in 
the chalk. Attached to these flints are echini, 
tcrebrutulir, iiiocerniiii, mid beleninites......... 1 

Chalk to the bed of the river. 15 


Foreign Tertiary System. 


Under what 
circum* 
stances de¬ 
posited. 


The disturbances which preceded the deposit of the 
whole or the greater part of the tertiary strata, were very 
extensive, anil appear to have operated considerable 
changes in the configuration of the land, and to hu\e 
left the European seas, certainly expanded much beyond 
their present limits, but yet pretty evidently related to the 
present depths of the Atlantic, Baltic, and Mediterranean. 
11 has long been the custom to speak of tertiary strata as 
being particularly deposited in basins; un inaccurate use 
of this term, for the tertiary strata are not more, nor 
perhaps so much, separated into basins us many of the 
older strain. We recognise, indeed, in them a greater local 
diversity, such as at present obtains, both with respect 
to the materials deposited and the organic remains en¬ 
tombed, in separate branches of the same sea, or at distant 
and dissimilar purls of the same coast. The true way 
of crmsideiing the leitiary strata is, to view them as the 
\aritd deposits of one long period, produced chiefly ill 
branches of one great ocean, variously divided by the 
elevated lands. Some particular deposits may perhaps 
be best explained by allowing the existence of mediter¬ 


ranean seas, or even salt-water lakes. Cases in yvhich 


fresh-water and marine shells alternate must he examined 


upon their own evidence, to learn whether such alterna¬ 
tions were produced in a lake, or at an estuary; and 
finally, the true fresh-water strata of the tertiary period 
must be separately treated, having such relations to the 
marine tertiary accumulations us the fresh-water forma¬ 
tions of the present day have to the deposits now in 
progress below the sea. Thus we shall have purely 
marine strata, inarino-tliiviulile, or inuririo-hictistrine 
strata, and lacustrine strata, all referable to the tertiary 
period, the relative eias of which can sometimes be cor¬ 
rectly deli r mined, sometimes satisfactorily inferred, and 
in other cases only conjectured. 

The relative age of strata which were deposited in 
the same branch of the sea, can be determuud by ob¬ 
servation, even though subsequent convulsions muy 
since have separated the deposit into detached portions, 
as for instance the Hampshire and the London murine 
tertiaries. It can be inferred satisfactorily, even for 
Originally distant deposits, when large suites of organic 
remains, not differing more than we may expect to hap¬ 
pen in such cases, concur with a general analogy of 
Ueologicul position; and in this case, the inference is the 
stiouger, if the data analyzed and referred in ]>ortio!is 
to successive periods, apply in u similar manner to the 
two localities. 


The mincrulogicn! character of the deposits is of im¬ 
portance in proportion as the deposits huppened in the 
same branch of the sea, along the same line of coast, 
parallel to the same range of mountains, or to similar 
ranges of analogous rocks. In short, tertiary strata may 


he expected to show close agreement, considerable re- Geology, 
semblance or general analogy, according to the local f It. 
circumstances of their production, and it is perils Ily 
Consistent with Geological expetienee anil sound thcorv, 
that the clay oi London, the culcuire glossier of I’aii-,, 
and the lower Riihapeuniur marls, may he exactly 
contemporaneous deposits, dei iv ing their peculiar cha¬ 
racter from the peculiar circumstances of tin ir localities. 

If wc do not so olten Ibid in the older systems of stiula 
these great mineralogicul eontiasts between ex.mly cmi- 
teniporuncoiis strata, wc must remember that the cir¬ 
cumstances of land and sea, when the eailier deposits 
happened, were mine uniform, and that iiy a tong suc¬ 
cession ol convulsions the tertiary sea was made to tlovv 
round islands and promontories, containing a vast variety 
of rocks, reared in deep or shallow waters, and expo-ed 
in various degrees to the processes of disintegration. 

Wc may venture by the aid of what is known of the 
effect of former convulsions, ami the help of the cha¬ 
racters furnished by the newer strata, to describe the 
hydrography of the great European Sea in which Unitary 
.strata were accumulated. 

It may perhaps be described as an immense inland 1 '-x , ‘ ,, it <>t 
sea, hounded on the West by a broken line of elevated 'i" 
land in Spam, Auvergne, Brittany, England, Scotland ; -Vc- 
on the North by the Scandinavian peninsula, 1 ; inland ; 
on tlie East by part of Russia, llu* Otunl, the mountain 
circle which encloses the Aral, the Caspian and the Black 
Sea, and a line prolonged llnougli Sytiu tovvaid the 
lied Sea ; on the South by a line including tlit* pie-ent 
Mediterranean, part of the I.ihynn Sands, mid Egypt. 

This ancient Mediterranean appears to have been con¬ 
nected with the Buy of Biscay and the Atlantic by shal¬ 
low channels between Angers and Poilieis, and by the 
line of the (’anal of Languedoc. It embraced tin* Ninth 
Sea, and so probably communicated with the Northern 
Ocean, included n part of the Baltic, and vvn, open to 
tlic Indian Ocean through the Bed Sea. 

In this vast area rose at that time irregular trails of 
land, forming upon the whole two islands. The Noithern 
island, stretching in a sweep Iroiu the Cevennes to the 
Carpathians, and including the great plateau of central 
France, the Jura,Vosges, Scliwuitzvvaltl, Ardennes, Tau- 
iiiis, Westervvald, Teutohurger Walil, Hat/., Hi/grbiigc, 
the circle of Bohemian mid Moravian inoiml.iuis, and 
the long range of the Carpathians. In the Southern 
island, rose in partial peaks, and with small surface, 
the Alps of that epoch, connecting themselves with the 
Apennines and the mountains of Dalmatia, Croatia, 
and Greece. The ancient Sen of Bohemia and the 
Seuof the Rheinland were entirely or nearly surrounded 
by hind; the Seas ofSvvisserlandand Hungary expanded 
into the Black Sea, anil contracted their watcis into a 
nmlow channel along the line of the Rhone, there to 
unite with the Mediterranean ; ami the basin of Paris 
appears to have been only partially connected by shallow 
channels with the North Sea or the Bay ol Biscay. 

Viewed then in connection with existing Seas, we may Its relation 
consider the inland tertiary Sea in several portion-. tu Ha-ex- 

1. The arms ami brunches of the Mediterranean, stretching up tho ’ sl ‘"b 

extended Gulf oi Lyoua, tin* Sea nl Swih-eiliiii'l mid^ Hun¬ 
gary anil the extended Ado.die Unit, iv,tilling the hustion 
part or Spain, Libya, and Kg) pt, and joining; the Red Sen. 

2. The dopuiuleiiruiR of the Atlantic and North Sea, an tlm Hour- 

denua basin, which wai nbo coinincled wit): iltc Medileria- 
ncan, the basin of I’aria, the great ben Kngl.oid, and tho 
Netherlands. To tinse may lie joined the men of Nirthcm 
Germany, Rnaam, anil the C ni mines bordering on the Black 
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Kim null thfl r.ivpian. Yl> might perhaps he justified m 
makings M-iwial.- division Air the hitter surfaces , could we 
appeal to any s.itisf.ictcry account of the organic itali^uiao uf 
Countries which as jet are very imperfectly known. 

For comparison with the English series, we shall 
first take the example afforded l>y the ba L in ol Paris, 
mi admiiahly described by Brongniart and Cuvier, and 
on (hat account frequently appealed to as the general 
tvpe of teiliary formations. 

Following the general classification of Messrs Broiig- 
liiait and Cuvier, we shall divide the Parisian tnniiuo- 
hicustrine strata into fue gioups, in the order of their 
eras. 


containing shells, crocodiles, and turtles, and transport" Geology, 
ing vegetables; but the deposits were generally more bh. 11. 
tranquil than the contemporaneous prtxluets of England. v *~v” w 
The “ lower marine ” group, or caleaire grossier, anil 
its coeval and associated sandstones, form the principal 
and eharaeteiistic rock of the Paris basin, in which the 
vast number of murine shells occur. The caleaire 
grossier is a granular, sedimentary, sandy, yellowish- 
while limestone, of considerable, thickness, regularly 
bedded and jointed, with partings of a inaily nature, 
including occasional beds of sand, and in some cases 
lignite and marls. The lowest part of the rock is 
visually filled with green silicate of iron, and can hardly 


Is t'pper ficsh-wn'cr or cpilimnic group. 

■1. tipper m.uine (smuts ami marly.) 
i. Lower fu di-wntcr or p.i!axithcri.m group. 

*J, J.nwci iron me icatenire grossier ) 

1. Plastic i lay gioiip, lately subdivided l»y M. Hiongni.nt into 
lliree gioupy. t liihlruu ilei Tnruuti.) 

■ Our remarks on these deposits will be as concise as 
the gieat interest attached to a right understanding oflhe 
mode oft heir formation will allow. The. idea we formed 
to ourselves from a consideration of the plastic clay 
group of England, was that of a varied series of de¬ 
posits, consequent upon some consideiable convulsions, 
pailly derived from the waste of the cretaceous system, 
and accumulated in a soit of estuary of that system. 
Pebbles and sands, with or without shells in eindiision, 
a few bands of clay with shells, and beds of lignite, 
layers of pipe clay, and plastic clay, lying in sand, com¬ 
pose the rather heterogeneous group, which ends up- 
vvnid.N with the abundant tranquil deposit of Loudon 
day. 

On the great scale, the plastic clay group of the basin 
of Paris presents very analogous characters. It rests 
on the irregular and worn surface of the chalk, contains 
accumulations of pebbles, beds of lignite, layers of co¬ 
loured plastic day, and by occasionally including beds 
of caleaire grossier, analogous to the shelly layers of 
the English group, appears to leave hardly any impor¬ 
tant point of resemblance unsatisfied. Oil a careful 
review, however, some differences arise. The order of 
succession of the several parts is not exactly similar. The 
French series taken generally may be thus expressed! 

Vppcr part consisting of potter's clay, mails, sands, amt much 
lignite, the clay containing many lacustrine shells, ay eyrenm 
and melnimpsidcs, alternating with a few murine shells, us 
ostrise mid centime ; the lignites containing remains of ilium- 
malm and fic.h-w.iter reptiles. 

Middle part or plastic day ami sands, sometimes alternating, the 
former generally ls-neiltli, of very uncertain thickness, iu- 
disinietly sir.O'licit and devoid of shells, 
bower pait very local, consisting of fragments of chalk, flints, <4e. 

M hose deposits are very unequally spread in the basin 
id Paris, and the lignite with shelly days and marls be¬ 
long'* principally to the vicinity of Soissnus. Wc may 
draw the following inferences. (1.) That the convulsive 
movements wltiih wasted the clmlk of England, and 
raised its originally deep strata to r. littoral and estuary 
situation, were ulso experienced in the basin of Paris. 
(2.) That in thisestunry irregular deposits happeneil.boih 
marine and fresh water, the latter prevailing in particular 
places more than in the corresponding basins of Eng¬ 
land, ami recognised by distinct luyers of lluvialile ntol- 
luscn, sometimes alternating with deposits containing a 
few marine shells. The basin of Paris seems therefore 
to have been at first an estuary, admitting into it con¬ 
siderable currents of fresh water from rivers or lakes, 


lie distinguished from sonic kinds of marly green sand. 

It contains hardly the least trace of metallic substances, 
but encloses a few beds of horustone, some cubic fluor, 
quartz, and calcareous spar. It is the building stone of 
Paris. In some parts, it is replaced by a developeincnt 
of sandy beds, which often exhibit glistening fractures. 

Pebbles lie in it, eiiietly at the top and the bottom. Up¬ 
wards of 1500 species of marine shells belong to this 
group, and only a very few land or fresh-water species, 
rarely brought down with vegetables, diversify the cha¬ 
racter of the deposit. A great proportion of the shells 
of the London clay are recognised among the more 
numerous reliquiie of the Paris basin. 

The lignite mid marls occasionally included near the 
top of the caleaire grossier, (Brongniart,) remind us 
that the action of the ficsh waters, though nearly un¬ 
observed during this long period of the deposition of the 
caleaiie grossier in quiet sen, might easily be recalled to 
the basin of Paris by a change of local ciicuinstances. 

Such a change occurring, a part of the basin of 
Paris was surrendered for a time to the undisputed pos¬ 
session of fresh water, and the following group was 
deposited. 

'flic paheotherian, or lower fresh-water group, is prinei- p.d.o.dhc- 
pally.says M. Brongniart, a chemical deposit from water , ri.ui or 
or at least this inode of origin is very frequently to be ,u »erlrosh. 
traced in it. Coarse mechanical aggregates, the result of" 11 * 1 ' 1 
violent currents, are unknown in it; while gypsum, sili- Kr ° ' I ’’ 
cions nodules, and agates arc frequent, anil sulphate of 
stnmtita, carbonate of lime, and silicate of magnesia 
occur in the marls which compose a large part of the 
mass of the formation. But it is from the remains of 
terrestrial and fresh-water plants, mid the exuvinj of 
land and fresh water animals, that this group of strata 
receives its most exact as well as most interesting cha¬ 
racters. In the interior of its mass no marine bodies of 
any kind have been found, but several plants and shells 
of the land and fresh water, generieally identical with 
existing tribes, as well as land quadrupeds belonging to 
genera now extinct. The study of these quadrupeds, 
first awakened in Cuvier that indefatigable zeal in the 
examination of fossil animals, which has established the 
permanent union of the highest branches of Geology 
and Zoology. 

Argillaceous anil calcareous marls with limine®, 
frequently alternating in very thin luniin®, (a common 
character of lacustrine deposits of all ages,) constitute 
the mass of this paheotherian group; gypsum in broad 
crystallized masses, of a vertically prismatic structure, 

* Mr. Clinntrey, whose unrivalled eminence in his profession is 
united witli very extensive and accurate information on other subjects, 
lias observed in the interior of planter cants of largo statues, which 
hud ht-en subjected to a drying heat of 350°, au irregularly pris¬ 
matic structure, comparable to that of the gypsmn of Montmartre. 
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Geology, not stratified, is frequently associated with them, as in 
Ch. II. the basin of Paris, at Pity cn Velay, and at Aix en 
Provence, silieions limestone locally diversifies them, 
and yields abates, lnenilitcs, nectic quartz, &e. To this 
group M. Brongniart also refers the lignites which lie 
in the mnlussc of Swisserland. The quadrupedal teli- 
qnite are, perhaps exclusively, found in the gypsum, 
and few other organic bodies accompany them. 

This evidently fresh-water group occurs in many parts 
of France, sometimes, as in Auvergne and t’nntal, 
without the least trace of a genuine marine tertiary 
basis. About Montpellier it is found in combination 
with marine deposits nearly as in tlic Paris basin, and 
there uppears good reason to believe that the causes 
which repelled the sea from that basin were extensively 
at wmk in other parts of Europe. This indeed is not 
a very dillicult part of the problem. The expulsion 
of the sea may easily be imagined to have happened by 
the elevation of new land, or by a great local dislocation, 
such as we know to have often occurred ; and thus si 
fresh-water deposit in the basin of Paris might be laid 
on a basis of immediately antecedent marine teitiary 
strata, at the same epoch that in other parts of France 
elevated above the sea before the tertiary peiiod, these 
deposits were laid on any of the older rocks. From the 
esiuary or lake which vve now call the basin of Paris, to 
the mountains of Auvergne, there might he formed, 
contemporaneously, (Ihat is, in a giveiiGeologic-al period,) 
many fresh-water deposits of varying character, under 
varying conditions, which are to be ascertained by special 
investigation of each case. But after the completion of 
this lower fresh-water deposit, subterranean movements 
brought hack the sea into tiie basins of Paris and Mont¬ 
pellier, at the same time that marine exuviui vveie intro¬ 
duced into the basin of Hampshire. It docs not follow, 
as a necessary inference from the data before its. that 
this subterranean movement was centred below the basins 
of Palis, Montpellier, anil Hampshire, nor that these 
basins were raised or lowered at all ; it is only certain 
that subterranean movements must have occurred in 
such a manner us to interrupt and restore at intervals 
the connection of these districts vvitli the ancient sen. In 
what respect is this ditfereut from the case of the Weald 
of Sussex and the" ancient coal basin of Yorkshire ? 
Upper ma- The “ upper marine" group, produced in the basin 
rine group, of Paris by the marine irruption which covered the 
palicothcriun gypseous marls, is composed chiefly of 
sands of many colours, occasionally indurated to stone, 
with fewer shells than in the lower murine group. The 
base of the group is, at Montmartre, a mass of calca- 
reo-argjllaeeous marls, gnatly analogous to those of 
the fresh-water group below, a gradation of character 
very much to be expected; conglomerates lie on the 
coloured sands in the Northern nnd Eastern purls of 
the Paris basin. A sandy, shelly limestone containing 
bones of the pnhcotheriaii, and also of the subsequent 
diluviun era, called caieaire moellon by M. de Serres, 
abounds at Montpellier am! Nurbonne. The molusse 
of Swisserland, a very complex and disturbed deposit, 
is referred to this era. 

Upper The parallel between the three basins of Hampshire, 

fresh-water Paris, and the South of France, is drawn still closer by 
group the occurrence in all three of " upper fresh water” beds, 
(Kpilimnic) t,lc last usually included in the tertiary strata. It 
group. must in some cases be doubtful whether the upper 
fresh water deposit recognised in a tertiary district be of 
the antiquity of this Parisian cpiliimiic group, and it 
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is highly probable th.it lacustrine deposits will be (mind 
of all intermediate ages hum the date of the iippcnmist 
tertiaries of the Pans basin to tlie deposits of the modem 
era. Such, perhaps, me the lacustrine groups of (Kiiiiigrn 
and (ieoigesgemund, which have become heller known 
to the English reader in consequence of Mr. Murchi¬ 
son’s desciiptions. Hut, in the case of the Idealities 
mentioned above, this doubt is not to be entertained. 
The most eharaclei istic tod, of this gioup in the basin 
of Palis is the millstone, a silieions inch full of rolls mid 
tubular sinuosities, attributed to the extiii atiou of gas 
lioin the bed of the lake, as is known to happen in 
oidimiry cases, and some fiesli-vvater •■hells and seeds 
ufebara. ((Symgonites ) In other districts, cspirially 
in Italy, a marly limestone, analogous to the traveitiuo 
which is daily formed there by carbonated springs, 
is cunsidticd by Brongniuit the representative of this 
gtimp, hut it is obvious that this liliaceous deposit may 
he of all ages. The upper fresh-water deposit, with, 
probably, other recent deposits of the same nature, 
is recognised in Auvclgne and Fantal, nil the Loire, 
Allier, and Cher, ill the Department of (laid, in Swiss, 
eiiaml, Austria, and Hungary. 

To these cluiiaiteis of the strata in the Palis lia-in. 
desiiihed by MM. Ili'ongniait and Cuvier, nun-l In- 
added a notice ol a set of giavclly sands in (lie Falun.-. of 
Toiirninc, long celebrated lbr abundance of • hells and 
other organic leiiiains, hut which were (ii l examined 
with attention by M. J. Desnoycrs. Along the line of 
the Loire valley at seveial points, as well as at Hi ones, 
shelly and gravelly deposits occur, which, limn Destiny- 
ers’sinvestigation, appear ceilainly to he of pnsiciini¬ 
tiate to the vv hole Parisian formation, and toinnliini nut 
only a variety of shells ami corals distinct fur the most 
part from those of the Paiisiun leitiavics, but also a 
mixture of quadrupedal remains, both of the pultcotliciiuii 
ami innstozootiecia. Besides pulu.-nthciiiun, lopliiodon, 
and a species of niithracolhcrium, which would generally 
be referred to the era of lacustrine tel tint ies, tlicio are 
bones of mastodon, hippopotamus, ihinnecros, tapir, 
horse, and deer. These, the most recent, probably, ol 
all the deposits connected with the Parisian set ies, me 
compared by M. Desnoycrs with the English ciug ; hut 
the propriety of this reference is denied by Mr. Lycll, 
on the giouiul that their suites of oiganie ictnaiiis have 
not the same ratio of analogy to existing tubes; the 
resemblance of the deposits is, however, remarkable. 
Thus n sequence of tertiary deposits of the same genual 
characters appeals to be cleatly asci rtnim-d in the 
Southern parts of England and the Not them parts of 
France, and the lads in the two localities aie of (lie 
Fame, or nearly (lie same age. This set ies lias three 
principal marine terms, of which the lower one (London 
clay in England, ealcaire grossicr in France) is very 
continuous and the most important, the middle one is 
variable, and the upper one local and littoral, perhaps, 
wc may add, of rather imeeitain date. The scries con¬ 
tain!) also two lacustrine terms, and one, the lowest of 
all, a product of transient convulsions consequent uu 
the rise of the chalk strata. 

This agreement is very intciesting. Yet it is not to 
be thought that in other pails of Europe, which arc 
not subjected to the same repeated convulsions, a 
similar sequence of marine with similar interpolations 
of lacustrine deposits should often he met with. On the 
contrary, it ought to lie expicted that when the teitiary 
deposits are wholly in.uiue, the triple character, which 
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(veology* in France and England tlic-y derive from definite jie- 
<:l '- n - nods of convulsion, should lie confounded into a general 
'-"v**"' series of ninny graduated or alternating terms, as hap¬ 
pens to the oolitic and other extended marine systems, 
'['he fuilher descriptions of tertiary strata, introduced foi 
comp o Non with those of England, will be divided into 
marine and lacustrine ; the former will be first noticed. 
South . The teitiary strata or the South of France are goue- 

Fr.uice , ; ,t|y coeval with those of Paris, and the greatest assem- 
bliio, ; of shells and other marine remains lies in sandy 
aiiffMibcidcarentis beds, thought by M. Brongniarl to be 
of the same age as the interlacuslrine sands of Paris, 
lit the districts of Bourdeaux and Dax, 600 species of 
shells have been collected from these strata, which Mr. 
Lyell (uil. iii ) arranges in lour divisions thus :— 

4. Siliiions hand without shells. 

3. (hovel. 

*2. Sand and marl with shells. 

I. Hlue mall with shells, sometimes 200 feet thick. 

Below all these calcareous strata occur with shells of the Paris 
basin. 

M. tie Senes has shown the much greater accordance 
which the Bminleaux and Montpellier shells bear to 
those ot the suliapeiiuiue formation of Italy than to the 
strata of the basin of Paris, and it is from comparison 
of the organic remains that Mr. Jjycll ranks together 
the Bourdeaux and Touraine shells, and puls them 
above all the Parisian beds. It is desirable to attain 
an aecnidance of opinion in the relati\c age of these 
strata, because they furnish common ground of cotn- 
paiisoii lor the deposits which border the Apennines, 
the Alp-, and the Carpathians. 

Nurth of The ino-t complete seel ion ol tertiary strata along the 
the Alps. Alps lias been niruisbid by the researches of Murchison 
and Sedgwick in I.nwer Sly via. 

t’ulraieniii siinds and pebble beds, culcu- 
Hsms grits ami oolitic limr-luiies, cuu- 
t.lining iTuiny shells, sumti of these of 
existing spciics. 

\\ liitr and I luo marl, calcareous giit, 
wli.te iiiailstiine, and coiicretiouury 
vrhde liniestuiio with shells. 

Below this is a cur.dime limestone, with 
shell., in one place UK) feet thick, as¬ 
sociated with marls 

C'oiighiinci.itc with miracco-culcarcous 
.and, anil millstone conglomerate. 

Blue marly shale and sand, with shells 
analogous to those of the calcoire gros- 
siei ami Loudon clay. 

Shale and sandstone with beds of lignite, 
ucciiiiipiiiiied by Huviatde and teirestiinl 
exuiiir. 

Conglomerates, grits, and micaceous 
sandstones. 

The coiullioe limestone here mentioned serves as a 
good line to connect the sections along the line of the 
Carpathian-,. At V ientia, Murchison and Sedgwick give 
the following series 

Alluvial beds ? of loss anil gravel, the latter containing bones of 
mastodon, tapir, anthracothermm. <kc. 

Fresh-water limestone. 

Leithakalk or coralline limestone ami c;dcarotins conglomerate. 

flipper blue mails mid sands, very rich in shells, 
, J i ellow sand and shells. 

Lower group < j j0 " wer marls 300 feet, compared to London 
' clay. 

Transylvn- In Transylvania, Bout? gives the series thus:— 
nin, Ac. Upper group shelly sands, marine and fresh water. 

Bandy coarse limestone, equivalent of the Leithakalk. 

Molrnwe. 

Clay Mid marls blue and yellow. 


And this applies to Moravia and the West of Hungary, Geology, 
where the lower beds are. inclined toward the Carpathians. Ch. II. 

Below all these tertiary strata, in Geologieul position, 
but raised to a great height in the Alpine region by Gosoubeds. 
powerful dislocations, occur those shelly marls ami sands 
with conglomerates and traces of lignite, which have 
acquired celebrity from the researches of Murchison, 

Sedgwick, Bone, Von Lilienhach, and other Geolo¬ 
gists. The discussions on their relative age are yet 
unsettled, because no sections can be obtained, under 
the difficult circumstances of the case, which put in a 
clour order of uninterrupted succession the whole mass 
of tertiaries, or allow a very confident deduction con¬ 
cerning the relation of all the parts taken separately. 

The obscurity of the subject is increased by the admitted 
indistinctness and variation of miueralogical character 
in the tertiary sands and conglomerates of the plains of 
the Danube. Yet it is not to he supposed that no in- 
ferences can be grounded on the laborious investigations 
of the eminent Geologists above named. The Gosau 
shelly beds are limited below by the Alpine limestone 
at Gosau, and in the Renlersberg by the same lime¬ 
stone, (hippuritic,) covered by grey or reddish marls and 
marlstone containing a few fossils of the chalk forma¬ 
tion : above, these beds are known to pass under the 
molasses of the plains Notlli of the Alps. Two sec- 
lions, deiited from the labours of Murchison and Sedg¬ 
wick, will, with this understanding, sufficiently show the 
nature of the beds. The first is actoss the Vulley of 
Gosau. 

Uppermost group. Reil ami green slaty micaceous sandstone seve¬ 
ral hundred feet (luck. (Cup of the Horn.) 

Second group ... .Green micuceuux gritty b.tii'l.t.me, extensively 
•piariieil ns whet-tone, succeeded Ivy yellow¬ 
ish sandy mails. (In the Kessenberg.) 

Third group.Vast shelly series of blue marls, alternating 

with compart limestone and calcareous grit; 
traces of vegetables atxive, abundance of 
shells and ratals in the nnddlu and lower 
pail. (In the Valley of Gosau.) 

Lowest group.. ■. .The above series gradually' changes to bods of a 
more conglomerate character, which pass into 
red sandstone and marl containing gypsum; 
a coaise conglomerate, forming the base of 
the whole system, rests upon ami abuts against 
the Alpine limestone. (Russbnch.) 

The discontinuity between the lowest, part of this 
section and the top of the Alpine limestone is partially 
remedied in the Gnlersberg, where a scries of four terms 
liken ise appears. 

Uppermost group. A great succession of alternating masses of 
bluish micaceous mar), slate, clay, sandstone, 
mill conglomerate. Sown of these maria 
contain beds of gypsum and fossils resem¬ 
bling the suite of (itisau. 

Second group .... Beds ul blue miruceuus slate clay, and greenish 
micaceous sandstone. 

Third group.Samly micaceous marls, alternating with con¬ 

glomerates, nml lnicueenus calc grit with 
nmnmuhtes. Subordinate to this system am 
red and variegated marls with gypsum. 

Lowest group ....A gruat deposit of marl and marlstone, gene¬ 
rally of a giey but in some places of a rod 
colour j containing a few fossils resembling 
those of the chalk formation. 

These beds ure conformed in declination to the Alpine 
limestones of the Untersberg. 

The question lately discussed respects the age of these Age of the 
Gosau beds. Messrs. Murchison and Sedgwick con- Gosaubeds, 
ceivc them to be the lowest of the tertiary series of tha 
Country, and to have so much analogy to the system , 
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Geology, below as (o be properly regarded as one. of the eon- 
Ch. II. neetiug links of the cretaceous and tertiary rocks. M. 
> ■> v Bone ranks them with the green sand system. On 
appealing to the organic remains, we learn that the 
affinity of genera, and the proportion of univalves and 
bivalves, bring the Gnsau beds to a tertiary type; an 
examination of the species leads M. Deshnves to declare, 
(Lyell, vol. iii. p. 327.) that none of the Gosau shells 
are found in any recognised tertiary stratum, hut that 
some of the most characteristic species of Gosmi occur 
in the green sand below the chalk at Mons in Belgium. 
ITis researches have led him besides to the following 
decisive general statement, that no shell has yet been 
found which is common both to tertiary and secondary 
strata ! Our own impression on the subject, derived 
from comparing the statements of those eminent wri¬ 
ters who have enjoyed the fullest advantages of original 
examination, can be of no importance on either side ; it 
will be more useful to set an example, nnlbrtuuuiely 
rare in such discussions, of deliberate indecision, ami 
to appeal to future discoveries. Two remarks, however, 
must not be omitted. Though all the instances upon 
record should be found strictly to agree, (even when 
modified by further discoveries,) with that valuable and 
practical conclusion for which Geology is indebted to 
Deshayes, yet this conclusion is general, not universal, 
and cannot be employed to predicate the result of any new 
investigations. Anti again, though certain genera may 
not yet have lieen recognised among secondary .strata, 
the deduction of the age of the Gnsau beds Iroin this 
source is of the same conditional character. 

Mulasse. The primary and secondary Swiss mountains are bor¬ 
dered on the North by a vast thickness of conglome¬ 
rates, sands, ealcilcrous grits, ami lignites with inummi- 
ferous quadrupeds. These arc referred by Brnngniart 
to the iiiterlacustriuc marine beds of Paris, but the 
shells as yet found in it are few. M. Studer, of Berne, 
has amply described this immense and disturbed deposit. 
SutiftjK'n- The sithapemiine strata are all that remain to be 
niiiedepu- noticed in these comparative sections. No one since 
•its. Broechi has been more successful in the examination of 

these strata titan Mr. Lyell, mid they furnish much of 
the evidence which supports his classification of the 
tertiary system into eocene, meiocene, anti pleioccne 
formations according to the degree of analogy which the 
organic fossils of those groups hear to existing races of 
marine animals * They are of enormous thickness, 
(several Ihotisat.d feet,) and must have required very 
long periods for their accumulation in the Mediter¬ 
ranean, from which they have been uplifted to consider¬ 
able elevations on eaeh side of the secondary Apen- 
nine ridges. The mass consists of innumerable alter¬ 
nations of calcareous and argillaceous marl, light brown, 
or blue, but the variation of mineral character is slight 
through the whole series, and not at all sufficient to 
furnish permanent marks of separation into groups. 
It is altogether like the sediment which we may sup¬ 
pose to be quietly deposited on the bed of the Medi¬ 
terranean, by rivers which have left their coarser dc» 
tritus inland. Beils of lignite are sometimes inter- 
stratified, as at Mcdesano near Parma; subordinate 
beds of gypsum interstratified with shelly marls and 
sand also occur in the Parmesan. Sandstone is also 
interstratified, and rarely compact limestone replaces u 


• These term* are derived from «»mi. (recent,) combined with 
m*i (the dnwn,) jiilur, (lees,) and vXiiw, (more.) 


portion of the calcareous marls. The whole is covered in Geology, 
places, and unequally, by a course yellow sand and con * •' 
glomerate, in which alternations of lluviatilc and urn- 
rme exuvitc are traceable, and other circumstances are 
observed which mark estuary or littoral action. 

This may he taken as the character of the n.iihlle 
suhapennine formation. Tin* tertiary strata in the hill 
called the Superga, ill Piedmont, have been described 
l>y M. Brongniarl and other writers, and from personal 
examination with Mr. Murchison, Mr. Lyell has io- 
fenod that they are the oldest part ot the tertiaiy 
system in Italy. Pine green sand and marl, mid a 
subjacent conglomerate, (the boulders being of primary 
rocks,) compose these strata, which dip at the exit erne 
angle of 70°, under the more hori/oniul bhiMt miIi- 
apeiiiiine marls ol the plains of the Ttiiiaro. 

The most recent portion of the suhapenitiue ih-po- Su-di.m de 
sits is exemplified by Mr. Lyell in the liliaceous Ibntia- posits 
lions of Naples, the calcareous strata of Otranto, and 
probably the greater pari of the tertiary beds of Cala¬ 
bria. But the most satisfactory view of the newest 
(ciliary strata, is obtained in the Vnl di \nlo, Sii-iIv. 

Since Dr. Datibeny’s account of that island, the phe¬ 
nomena of its stratified rocks have excited much atten¬ 
tion, and Mr. Lyell has been ctnineully successful in 
deriving from them important inferences concerning the 
relative ages and periods of elevation of submarine 
strata. The following is an abstract of his descriptions. 

The whole series of strata in the Val di Nnto is dni 
sible into three principal groups. 

The uppermost group consists of limestone, some¬ 
times 700 or H00 feet thick, often eoiresponding ill 
mineral character with the ctdeaire gro-sierof Paris, hut 
often more compact. It is rcgulmly stratified and 
cavernous. These characters, however, arc liable to 
vary in different parts of the island; near No'o it lias 
the concretionary spheroidal structure of the form of 
the Italian truvertiuo, anil contains tcircstii.il vege¬ 
tables. These strata prevail not only in the Val di 
Noto, but. as Dr. Dattbeny stated,cap the lull ot Castro- 
giovanni, 3000 feel, above the strata. The organa- to- 
ninins of this limestone, (generally casts) belong, with 
hardly any exception, to existing species. 

The’middle group, not abruptly distinguished fimn 
the upper one, consists of white calcareous send, some¬ 
times with a tendency to oolitic and pisolilic textiuc, 
such as the truvertiuo of Tivoli ; at Florid'a near Syra¬ 
cuse, it changes to conglomerate with calcareous pebbles, 
associated with snudy limestone full ol broken shells. 

In some parts of Sicily, this group scents to he tepro- 
sented by yellow sand, exactly resembling that superim¬ 
posed ill the blue suhapeiiuine marls of ltsdy. 

The lowest of the three groups consists of an argilla¬ 
ceous deposit of variable thickness, called mIn in Sicily. 

It resembles the blue inarl of the siibaponnuies, and 
encloses shells and corals in a beautiful state of preser¬ 
vation. The shells belong, with few exceptions, to 
recent species. 

Other marly strata, probably tertiary, occur below, 
with gypsum, sulphur, and salt. 

Relative Antiquity of Tertiary Deposits. 

Sufficient data have now been slated concerning the 
local characters of tertiary deposits to show Itovv variable 
are the strata of this series, and what great difficulties 
oppose themselves to a satisfactory classification of them 
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according to their relative antiquity. The methods of 
inquiry which Imvr been found so successful in the 
solution of that problem, when applied to secondary 
strata, are here much less applicable. The mineral 
chnrncler of these deposits is, far more than amongst 
secondary strati, dependent on the nature of the liee’li- 
botiring mountains of older rocks, on the condition of 
the sea,and the slate of elevation of the land. No two se¬ 
parate tertiary districts, unless pet hups those which fol¬ 
low the line of the Danube, could he satisfactorily coin- 
pared by mineral charaeteis alone. 

The thickness of the deposits is enormously unequal, 
and the angles of their inclination and their elevation 
above the sea afford no resting place in this research. 
Nome help may ultimately arise fioni the theory of eleva¬ 
tion of mountains ; tail M. de JJcaumout's view, vvliii h 
alone m cue, to apply itself distinctly to tins subject, is 
as yet too embarrassed with objections, and too little ex¬ 
amined in detail, to lie available. 

Nothing' iIicm remains on which to build hopes of ar- 
■:»ii”i‘n;»' the tertiary seijes in a regular sequence accord¬ 
ing' to their ages, hut the evidence of their organic con¬ 
tents, and accordingly it is in this direction that the 
dibits of modern Geologists and Naturalists arc vigor- 
oii' ly exerted. 

This being our only probable basis of operations, it 
will he well to examine its weak points hcfnrchuml, lest 
much labour he lavished on a fruitless undertaking. 
D.lliciilties of a very serious natuie, and pioblems not 
yet solved, nor even entertained by Geologists, perplex 
the history of tertiary organic remains. 

Amongst the older rocks, notwithstanding the general 
admission or Air. Smith’s views, the organic remains 
have been chii-lly used in reasonings on the condition of 
the land and sea at certain periods, defined, not. by the 
existence of these organic remains, hut by the occur¬ 
rence of a given sequence of rocks, in which those re¬ 
mains are imbedded. It is true that the classification 
by superposition bus been found vvoudeifully accordant 
with the general Geological results of Zoology, hut the 
real dependence of both the practical and the theoretical 
Geologist is upon the order of superposition. Thus, 
when the oolitic system is from nny cuuse obscured, the 
ranges of chalk above ami red sandstone below me im¬ 
mediately appealed to. It is true that in such a case 
the organic remains might veiy probably equally decide 
the doubt; 1ml so long as the relation between the 
oignnie remains and the strain is known only in its most 
general terms, and for tt whole seiics of rucks taken to¬ 
gether, while the particular modifications of this rela¬ 
tion, which should enable us to apply the theory to 
diflereut strata in a given region, and to the same or 
dillerent sliata in ddl'ereut regions, are yet matter of in¬ 
vestigation, it is evident that no Geologist will consider 
conclusions depending on organic remains alone us 
having more than half the force of those which combine 
also the data of superposition. Their use, in short, 
so far as relates to this question, viz. the relative anti¬ 
quity of deposits, has ever hern supplementary, not prin¬ 
cipal. Hut now vve are to take them as our chief guides. 

Among the older rocks, such an inquiry, conducted 
upon the evidente of organic remains alone, would 
have this advantage, the lop of the series to he divided 
can be clearly defined in the vicinity, though the 
division may he arbitrary, and so of the base; hut 
in tertiary strata the base can hardly ever he seen, or 
even safely presumed to be ut all known, so many have 


been the dislocations preceding them, and so abrupt is Geology, 
their junction with the older strata; neither can their W». It. 
uppermost terms be often assigned from a neighbour- 
ing type, because the sea, whose bed is the upper¬ 
most term, has long since quitted the vicinity of the de¬ 
posits. 

While considering the organic remains of second¬ 
ary strata, the most successful analogies have always 
been established by referring to the nearest well known 
type, whether the object was to compare the fossils of 
identical or of different strata. Thus the fossils of 
Normandy present stronger analogies to those of the 
South of England than to those of Yorkshire ; the chalk 
of England and France produce a greater number of 
.similar fossils than is common to the chalk of England 
and Sweden, Ac. Also the true relation of the oolitic 
to the lias tbssils is best deduced by comparing them in 
the same district: the oolite of Dundry should he com¬ 
pared w ith the lias of Hath, rather than with the lias of 
Yorkshire or of the Western Islands, 

These truths are plain, hut not unimportant. They l’lni-er 
lead directly to a particular mode of prosecuting the in- ,nu,ll ‘ ,,r 
vcstigaliou. For the identification of strata in distant 
deposits, we must compare them by intermediate terms; tlllr} . 
for the determining of the relative antiquity of deposits, 
we must compare, if possible, the marine or fluviutile 
organic remains which they contain with both the up¬ 
permost and lowermost terms of the series, as they occur 
in the vicinity. Now the uppermost term of this series 
is certainly no other than the productions of the neigh¬ 
bouring sea and lakes; but the lowermost term is un¬ 
known, for the cretaceous system holds no tertiary 
fossils. Wc must therefore assume the lowest teim, and 
because of the* great number of fossils which have been 
discovered in the calcaire grossier of Paris, this, the lowest 
really marine deposit of that region, may be chosen as 
such. If any strata should hereafter be discovered 
below this stratum and above the chalk, their relative 
antiquity may he investigated upon the same principles, 
but the calcaire grossier will in such a case become the 
upper term, and perhaps the chalk the lower one. 
Whenever the inquiry can be prosecuted in agreement 
with these conditions, and the number of organic re¬ 
mains is considerable, till- result may be trusted. The 
organic remains of terrestrial animals can be useful only 
in comparing terrestrial deposits lacustrine animals for 
fresh-water deposits, and marine animals alone must be 
compared for marine deposits. 

As a general upper term of the tertiary series, we arc 
reduced to take the catalogue of existing marine produc¬ 
tions. and vve are compelled to reasotron this, though in 
fact, through the uplifting of the bed of the sea in some 
parts, whole races of shells which were then peculiarly 
situated, (us, for example, a great number of shells in 
the Mediterranean and in the German Ocean now are,) 
were probably destroyed wilhiu a short period. In such 
a case (tie comparison of the fossils is made with u 
general catalogue indeed, hut one from which many of 
their peculiar analogues have long since been erased, 
not by gradual change from general physical causes, but 
by local events. 

May wc not apply this general argument to the ease 
of the Vienna busin, as compared with the stibapcnnine 
formations? Is not the former a whole desiccated gulf, 
and the latter only the dried margin of a gulf? And 
should vve not in this case find the analogy of the fossil 
and recent tribes strong in Italy, and much fuiutcr in 
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Geology, the valley of the Danube, even though the deposits were 
Ch. II. of exactly the same age? 

' Again, if we were to abstract from the catalogue of 
living shells with which we compare the crag of Eng¬ 
land, the shells of the Northern European Ocean, what 
would be the effect upon the numerical results of this 


Deshayes, for the construction of his Tables, is 4780 ; of Oology, 
fossil species 3030 ; together 78164 but 426 nl these fh. II. 
were both recent and fossil; therefore the whole number 
of distinct species examined is 7390; and the ratio of 
the number of species which arc both recent awl fossil 
is as 5.7 to 100. 


comparison '! Instead of forty species in a hundred 
now identical with living forms, there would remain two; 
and the crag would appear as little related to the existing 
Fauna of the general ocean as the London clay, which 
yet is very much more ancient, and, tried by the test of 
the neighbouring Fuuna, appears to ire so. 

Lastly, it is to be noticed, that even when botli the 
upper term and the lower term of the scries is given 
from a neighbouring type, the application of the prin¬ 
ciple of the numerical analogy of species to" a variety of 
basins, for the purpose of ascertaining the relative an* 
tiquity of distant deposits, demands the admission (bat 
the variation of species, on whatever causes this effect 
depended, has been proportional always, and in all situa¬ 
tions, to the time elapsed. Should this be granted un¬ 
reservedly, without evidence or‘examination ? 

Such are a few of the difliculties in the way of de¬ 
termining, by comparison of organic remains with 
existing forms, the relative ages of the tertiary strata, 
and we are not aware that this open statement of them 
should incur the charge of inconsiderate objection. 
Long experience has proved to us the inestimable value 
of the legitimate deductions from the study of organic 
reinuins with reference to their antiquity ; and it is not 
to check, but to secure the advances of Geologists in 
this the only avenue to the classification of tertiary strata, 
that the unknown conditions of the problem arc thus 
pressed upon their attention. 

Mr. tw Were the data upon which the further prosecution of 
li'jrs's in- (his subject depends not more accurate than these sghiclt 
'■'"‘t’" have been accumulated for the secondary rocks, the dc- 
! l> ’ termination of the age of tertiary strata in distant 
basins, with such preliminary difliculties in the general 
reasoning, must have heeu indefinitely postponed. Hut, 
from various causes, the characters of tertiary shells have 
been long and carefully studied, and the determination 
of their species, in consequence of their great number, 
perfect conservation, and decided general similitude to 
recent kinds, has been successfully attempted l>y La- 


I he proportions of univalve and bivalve shells were 
fouud thus: 


Living species... 

f Univalves'.... 

* (Bivalves. 

..361# 

. .1161 

Unlloli) mo. 
75.« 

21.4 
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Tertiary species . 

f Univalves .... 
| Bivalves. 

. .201)8 
. . ‘JUS 

111). 1 
•«).!) 
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In these lists land and fresh-water shells are included 
to the number of 1465 recent, 259 fossil, of which 

!!! &2::m 

Land species. loving .1196 liiiwil ,, 78 

The fossils arq, grouped by Deshayes under the fol- Tertiary 
lowing piittcipal localities mid living 

1st Division.—Haris, London, limits. Vulngnes, llidgiiim. The 

fossils of Castol (Jimilnrto and I’atdiuc are consnlmrl the 1 ompaicil. 
same, nearly, ns those of Haris, 

2d Division.—Hunrdt'aiix uml Dax, Tmirnine, Turin, linden, 

Vienna, Augers, Ronca. The lossils of Moratiu, Hungary, 

Cracuvia, Yolhynin, Hudoliu, and Transylvania are eun.ideieil 
the same, with very few cxmitinns, as those of \ leuiia and 
Baden. 

3d Division.—Italy, Sicily, the Crug. The fossils of lVrpignan 
and the Morea ure considered the same, with tlueo or tom 
exceptions, as thoso of Italy. 

It ill io of living 

Dpi CiCN lu 10V. 


Italy .... 
Vnlogue#. 


London . 

Sicily... 

Angers . 

Vienna. 

<•«(?. 


1122 of which 

38 nro living 

3.4 

594 . 

.136. 

22.9 

f>G9. 

.‘.US. 

41.8 

XVI 

‘JDH. 

. fi8. 

O') 7 

2.19. 

. 12. 

ft.O 

226 . 

.216. 

95.1 

166. 

. 25. 

I/..0 

124. 


28.2 

1 | ] 

45. 

40 1 

99. 

. 26. 

26.2 

1)7 . 

. 17. 

17.5 

49 



. 40. 

. 3. 
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inarck, Broechi, Sowerby, and other Conchologists. 
Hut it is to Deshayc.s tlmt the Science owes the most 
lasting obligations of this nature. From the most ex¬ 
tended examination of shells both recent and fossil ever 
attempted, that eminent Conchologist has deduced the 
most valuable and consistent results which Geology has 
jet received from any Naturalist, on the subject of the 
geographical distribution of Ibssil species, and the nu¬ 
merical ratio of identity between fossil and recent tribes. 
The Tables which he has constructed from this laborious 
investigation are given at length in Lyell's Principles of 
Geology , vol. iii. 

The orderof deductions in these pages being to a cer¬ 
tain degree different, we shall not copy those Tables, 
nor even the results in the way they are given, yet all 
the statements to be made here are based entirely on the 
data of Deshayes. For the sake of a common scale, 
ratios to one hundred will be introduced when useful. 
Land and fresh-water species are included, but ulti¬ 
mately, no doubt, they will he separated from the 
Tables of murine shells. 

The number of recent species examined by M. 

VOL. VI. 


Arranging these approximate results in the order of 
their ratios we shall have a descending series of unalo 
gies from the Sicilian deposits to the Paris basin. 

Thus the analogy of fossil soecies to the living spe ■ 
cies is. 


Sicily .. 

Italy. 

ttrag. 

Vienna. 

Baden. 

Bonrileaux and Dax 

Tunraine. 

Turin ........... 

Angers .. 

Ronca. 

London . 


Paris 



Belgium, Va-v 

logues, Castel I none 
ttomberto, and f staled. 
Pauline . J ‘ 


Ditto 


49 (o KM 


18 lo 100 


3| to lOO 


In consequence of this comparison, M. Deshnyen 
makes three groups of the tertiary series, according lo 
the ratio of their analogy to existing kinds, as expressed 
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oingy. by the brackets abate, and Mr. Lyell, from independent 
researches of a lesf extended character, was led to form 
the same scale of analogies, and, moreover, to separate 
the Sicilian fossils as still more recent than the others, 
lie therefore divides the most recent group into two, 
anil calls them newer and older pleioccue, (or pliocene,) 
the middle group he calls meiocenc, (or miocene,) and 
the oldest group he calls eocene, as before explained. 

Criticism on this scale of analogy would be at pre¬ 
sent wholly premature, and perhaps not respectful to 
the eminent Nuturalist whose extraordinary knowledge 
and diligence have presented us with these most beauti¬ 
ful and impressive results. It appears to deserve re¬ 
mark, however, that the inland situations of the Vienna 
and Baden tcrtiuiics may unfavourably influence the 
comparison for the fossils in these localities, from (he 
causes before stated ; and, perhaps, it may appear, if 
that circumstance could 1 * properly compensated, that 
these localities should be removed from their association 
with Bourdcanx ; and joined to the subapetmine depo¬ 
sits, according to what seems to have been the inference 
of the observers on the spot. 

I! i lit inn uf The, subject may be contemplated in another point of 

t ,|,| uy view; instead of inferring the relation of the fossil shells 
tl'i.'r m'tlit 1,1 one common upper term, viz. the shells of the actual 
' seas, they may be compared to what has been assumed 
I‘.ms; -is tliu lowest term of the series, the basin of Paris. 

Because of the very great and admitted resemblance of 
1 the shells of Paris, Loudon, Valognes, and Belgium, 

these may be grouped together, and we shall have the 
lowest tertiary epoch yet clearly made out represented 
by 1238 species, of which 42 are recent, and 46 are 
found in the deposits above them. 

tutto to too. 

SludUi.ninwdeaux 1 j 27 are also Parisian, 4.6 nearly. 

Tonnunc.26ft . H 2.6 

Angirs . 166 7 4.2 

Vienna. 124 3 2.4 

linden. 9‘J . ‘2 . ‘2 l) 

Tumi. 97 7 7.0 

ltonra . 40 10 25.0 

S'nly Italy, J 77jr . 4 0.6 

the ( ».i£.. . j 

From thisable we have the following scale for com¬ 
parison with that previously given, the analogies to the 
Pan-iau tin motion increasing downwards. 


Sicily, Italy, the Crag.antilogy 0.6 

Baden .. 2.0 

Vicuna. ‘2.1 

Tnimtuie... 2.6 

Angers.... 4.‘2 

Hmirileanx and Dax.. 4.6 

Turin . 7.0 

ltonra. 25.0 


The accordance of the two scales is very remarkable, 
and by both of them Rtmca, as Deshayes conjectured, ap¬ 
pears to demand a place in the Parisian group. Vienna, 
Baden, and Tutu nine here appear loss related to the Pa¬ 
risian group. 

ii, 1110 sc of The relation of the Touraine fossils and the Bourdcaux 

fuii.n'ir and T)ax fossils to the suhaponnine formations appears 
,1 l>..\. t(> j )e almost exacfly the same ; their relation to living 

types is also almost exactly the same. It is therefore 
evident that these beds may be joined together to make 
a new common term. We shall then have 743 species, 
and the analogy to this common term is for 

Vienna. 83.8 

l!ad«n,,,,. 49.5 


Turin . 

47.4 

30.7 

Geology 
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Subd.icmiiuc ..... 

22.7 

4.0 

The analogy of the 



Vienna find Niiliapeimims foanils is. • 

Turin aiul Mubapensiiiiu .. .. 

Bourdeaux and subapvnnine ..... 
Toimiim* and Hiibapennine.. . 

40 

29 

22.5 

23.4 



The general result of these numerical comparisons Geneva! 
would seem to give the following scale of unticpiity remits, 
amongst the several deposits. 


Lyutl's Name. 

Sicilian deposits. 1 Newer pleiocene. j p . . 

Crag- Subapcnnine deposits.J Older pleioceae. j r leiocene. 

Vienna beds. j 

Touraine-Bourdeaux and Dax-Baden——Turin. >Meiucene. 

Augers. J 

The Parisian anil London deposits. Eocene. 

Having thus shown from M. Deshayes’s data, the origin 
of the groups which he uses, and of the names of Mr. 
Lyell, we may present the following general results of 
the investigation of those authors, and refer to them¬ 
selves for abundauce of further information. 

Eocene, or Parisian period. This should perhaps be 
considered ns strictly applicable to the lower marine 
formation of the Paris basin, beenuse it is almost wholly 
on the shells of that formation that the classification is 
founded. 


Number of species of shell. of this period.. 

Number of aperies also found in the muinceue period.. 
Number uf species also found in the meiocene and in 
the pleiocene period, and which may therefore ho 
considered us characteristic of the whole tertiary 

system..... 

Number of species identical with living kinds ... 


12:*8 

66 


17 

42 


Meiocene Period. 

Number of species of shells .. 1155 

Nomherof s|iecies euimntm to the meiocene and the 

two other epochs... 134 

Beal tmmliei of species uf this period.... 1021 

Numlier of species also found in the pleiocene period.. 196 

Number of species iilentical with living kinds. 176 

Pleiocene Period, 

Number of species of shells. 777 

Number of species identical with living kinds. 350 


Whole number of species of shells of the tertiary system 3036 


Names of the seventeen shells which are characteristic 
of the tertiary system. 


Four extinct or unknown 
in a recent state ...... 


Thirteen still living.s 


Dentalium conrctatum. 
Tornateila iiitlata. 
Bulimus tercbellatus. 
Curbula eomplanata. 

' Dentalium entitle. 

stranguliitum. 
Fissurella grsoca. 

Bulla hgnaria. 

| RWsoa cochlearia. 
Murex fistulosas. 
tubifer. 

Poly morph inn gibha, 
Triloeuliiia oblouga. 
Lueina divnricata. 

gibbosula. 
Isoeardia cor. 

. Nucula margaritacea. 


Organic Remains of the Tertiary Strata. 

The statement previously made that M. Deshayes has 
himself examined 3036 species of tertiary fossils, must 
be a sufficient reason for not following in respect ot 
these strata the plan adopted for the less numerous 
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*rh or P a,l ' c remains of the secondary and primary rocks, 
l. >11. There is indeed not the same inducement or utility in 
such extended lists of tertiury fossils. They would not 
add any thing to the knowledge of periods given by the 
investigation which we have just ended, and the general 
resemblance in tertiary fossils of all ages and localities is 
too great to confer any particular interest on the enume¬ 
ration of species. There is, probably, no more remark¬ 
able statement in any Science, than that of all the 3030 
species of tertiary shells, not one should be found in 
any of the older strata. This statement could only be 
made and can only be verified by a skilful Conchologist; 
but the eye least practised in such observations can re¬ 
cognise the Bame proposition in another form. Many of 
the tertiary genera of fossil shells, and especially those 
which predominate in these strata, are cither utterly 
unknown or very seldom seen in secondary strata, and 
thus whole tribes of shells are instantaneously pointed 
out, by one who is no Conchologist, as tertiary fossils. 

The most useful lists of tertiary lossils will be such 
ns arc capable of direct comparison on leading points 
with catalogues formerly given for the secondary rocks. 
For this, the generic name and number of species must 
in general suffice. The murine deposits should be sepa¬ 
rated from those of fresh-water. The numbers of the 
species of shells are taken from Deshaycs's Tables. The 
remainder from Brongniart, Tableau de» Terrain t. 


Marine Deposits. 


Plants, from M. Adolphe Brongniart. 


Atjnmia. 

Confervites 
Fucoidea . 


Specie*. 
. 2 
. 11 


Cryptagnmm. 

Kipiiaetum.. 1 

Ta‘iiifi|iteris.. 1 

Pkancmgamia Ggmnosprrmia. 

Finns.. 2 

Phanerogamia Monacaly/rdo Ufa. 

Cauhnitca. 1 

Zoaterite*. 2 


Phanerogamia Manoadytedonea. 

' Specie*. 

PotamophyUitea... 1 
FUbellaria ....... 1 

Antholithe*....... 2 

Culmite* ... * 2 

Phanerogamia Dicotylodonra. 

Exogenite* ....... 1 

Phyltite*. 7 

Juglan*. I 

Carpolithes.. 1 


Polyp Am a, chiefly from Brongniart and Goldfuss. 


Caryophyllia. 

Turbinulia. 

Astrwa .......... 

Ftingia. 

Madrepore. 

Flustra. 

Orbitulites. 

llactylopora ...... 

Polytripe* elongate 


1 

4 

2 


Eschara.. 1 

Ovulitee .. I 

Lumilitex.3 

Alveolites. 1 

Fuvonite*..... 1 

Iaca. 1 

Iaia 3 

Glauconome. 4 


Echinus ., 
Sctitella... 
Clypeaster, 
Casaidulu* 


Radiaria. 


1 Nucleotitei. 1 

3 tialerite* . 2 

9 Spatangui........ 4 

2 Aaterias ......... 1 


Alehcyclua. 
Leucosis... 
lnachu* ... 


Serpula 


Balanus 


Articulated Animals. 

Crustacea. 

• •• 1 Palinurus , 

• • • 1 Splnroma 

• l 

Annulosa. 

• •• ^ Spirorbis. 

ClRRfPEDA. 

.... 5 Pjrgoma., 


1 

1 


1 

1 


Molluscous Animals. 
CoNciupenA. 

I l l“gyni yanit. 


Aspergillum 
ClaviigcUa ., 


Fist u I an a 


l’boladoniyii 


Mya... 

Thracia. 

Hcinicyclostero. 


Mesoilesnm. 
Krycina.... 


Amplmlcsma. 


Vciieiiipie ..., 

Sangiiinolaria 


lVrn.i. 


Luna . 

Pencil. 

PI lent ii la... 

Sponilyltis . 9 

Brachmpodu. 

Crania. 3 

Turebintula.18 


£peclr«. 


Hprfte* 

• 1 

Faammohia ... 

... 4 

. 9 

IN.iiiiniuku .,. 

. . . 1 

. 2 


... 54 

. 5 


*2 

. 9 

I Atom a. 

... 69 

. 7 

Donax. 

a . . 15 

. 19 

Astute. 

... 19 

1 


7 

. 3 


TyU 

. 5 


... 4 t 

. 4 

YVmriciiicli.i . 

_ 60 

. 2 

('milium. 


. 6 

C'yjMii anliat .. 

. ... 7 

. 14 

1 Mien ril m. 

.... 3 

. 7 

('ui'llllsil . . . . 

.... 2 

. 21 

Area. 

.... 64 

. 24 

Pocltuiculii* . . 

.. .. 27 

1 


.... 23 

. 35 

Umu. 

.... 2 

. 3 

Anodonta .... 

. ... 1 

a 11 


.... 20 

. 10 

Tridricun. 

.... 2 

. 6 


.... *21 

. 2 

Mylilua . 

.... 15 

Atfiomyona. 


. 3 

(tryphirn.... 

.... 3 

4 


.... 72 

. 5 


.... 4 

. 13 


.... 1 

. GO 


.... 1 

. 7 

Aiioima . 

.. .. 8 


Hyalsa 


Chiton. 

Deutalium.. 
Patella .... 
Umbclla ... 
Piirmiiphilu* 
Kmarginula 
Fimurella .. 
Pileopais .. 
Ilipjiouyx .. 
Crepidtila,.. 
Calyptnea . 
Bullca..... 


Neritina .... 

Merita. 

Natica...... 

Sigaretua ... 
Stuinatells .. 

Haliotia. 

Tornatella... 
Pyramidal). , 
New genua .. 
Vermetua ... 
Siliquarla ... 
Scalane..... 
Delphinule., 
Solarium ... 
Omalaxon ,, 
Trochua. 


Monodonta. 
Turba ..... 
Littorina... 
Planaxia ... 
PhasianeUa 


. 3 

Thcculia .,, 


. 18 



Pteropodi 

a. 


2 

Cleoilurn .... 

. . a 

Gasteropoda. 


1 

Turritella ... 


. 34 

Ptolo . 


10 

Cciithimn.. , 

.220 

. I 


. 2 

,. 2 

Pleurotoma 

.156 

,. 11 

TurliineOiis . 

. 3 

.. 8 

CancplluriA ., 


,. 6 

Fancloluriu .. 

. 5 

. a 12 


.HI 

.. 3 


.21 

.. 15 

Striithiolaria. 

. i 

.. 2 



. 23 

Mure* ..... 


. 2 

Triton. 


. 17 

Roeielluria .. 

. 8 

. 16 


. 9 

. 41 

Cua.iiluria .. 


. 4 

Caaaia. 

. 15 

I 


. 1 

. I 



. 11 


. 1 

,, 8 


. 2 

1 


. I 

1 


. 95 

.. 6 

Tercbra .... 


.. 22 

ColumbeJlu . 


18 


.66 

.. 16 

Vohito. 


.. 8 

Margined. .. 


. 70 


. 2 

V. i 

Ovule. 


8 


. 19 

. 34 

ok...::::: 

. 13 

. 10 

Ancillaria ... 


. 5 

Trrebelluna.. 


. 4 

Conua . 



4 U 2 


ft oology. 

I h. li. 
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Geology- Crphulopntla. 

CK H. Spedcu> fipfrlei. 

Beloptera. 1 50 other genera in- lr»,i2 

Sepit»trra. 1 eluding .I" 

Nautilus.. 4 No belemmtes, ammonite*, ha¬ 
ft oilosniia . 21 mites, seuphites, turrilites, &e 

Fishes. 

Of fishes it is estimated that 100 species belong to 
the marine tertiarics. 

Of reptiles there are 6 crocodiles, 5 trionyx, 4 emys, 

1 tesfudo. 

Of cetacea; lainantiu, delphiuns 4 species, xiphius 
phmirostris, balirna, Lin., 2 species. 

Ot' other mammalia, phocu, trichlccus. 

General Summary. 

2975 species. 

Plants. 3G aperies. 

1'ulyp.iria . 27 

Kauiariu. 23 

Onxlacr.i . 5 

Annnlosa .. 5 

Cirrijieda. fi 

(’niirhil'eia plagyinyona. 

inesoinyona . 190 > 918 ■> 

hraehiopwla . 22) | 

Ptrropo'hi..... 5 5 l 27 47 mollusc*. 

Gasteropoda holoatomata. 4091 , . 1 

aolenostomatu .... .. 1060) ' 1 

Cephalopoda. 259 259 ) 

Faces. 100 

Keplilia. 16 

Cetacea. 3 

Other Mammalia .. 2 

Lacustrine Tertiarics. 

Their njj« As the marine shells afford the best or rather the 
tn l>« in- only grounds for plausible deductions concerning the re¬ 
ferred lmm Ijitjvo ages of the tertiary strata deposited from the sea, so 
1 1 " the fresh-water shells and laud shells must be employed 

races. to indicate the relative age ol the many lacustrine deposits 

which diversify the tertiary districts, and cannot always, 
by any rule of superposition, he referred to either of the 
lacustrine deposits of Paris. In this research the plants 
also yield highly vuluahle evidence, hut the laud mamma¬ 
lia found with them ought surely to be excluded from 


cumstances of these different lakes are unlike, the de- Geology, 
posits in them may be related neither by similarity of Ch.ll. 
order, nor identity of composition, but it is probable that w "v - "- 
some analogy will be traceable in their organic remains. 

In the basin of Paris, gypsum occurs only in the 
lower fresh-water deposit, yet the gypsiferous fresh-water 
deposit of Auvergne, is supposed by Brongniart to be 
of the age of the upper fresh-water deposits. 

The fresh-water district of central France occupies Central 
considerable tracts along the lines of the Loire and the France. 
Allier, and is extended Northwards on the latter river, so 
as to approach towards the proper basin of Paris. The 
interesting phenomena presented by these deposits, where 
they have been subjected to volcanic agency about Cler¬ 
mont, the Cantal, and Puy in Velay, will be mentioned 
hereafter. Along the Allier, granite is the general 
basis of the fresh-water strata, which consist of sandstone 
and conglomerate, containing pebbles of all the primary 
rocks of the vicinity, but not of the volcanic rocks. 

Above these are green and white very finely foliated 
marls, fbll of the small bivalve crustaceous shells of ey- 
pris ; thin tufaceous limestones, sometimes full of the. 
larva—cases of phryganidse; and the highest group of 
all in a few places is composed of gypseous marls. The 
most singular fact mentioned by Messrs. Lyell and Mur¬ 
chison, iu their description of this country, is the remark¬ 
able condition of two of these groups. The lowest con¬ 
glomerate series puts on almost exactly the appearance of 
the English old red sandstone, with its purple and green 
spotted marts, and even its nodular limestone or corn- 
stone ; and the limestone in the upper part of the scries 
actually becomes oolitic at Vichy and Guiinat, and yields 
a building stone like that of Bath, ami of equal beauty ; 
soft, in the quarry, but gathering hardness by exposure. 

With what astonishment would the Geologist, acquainted 
with the fossils of the English oolite, gather in this oo¬ 
lite ofUnnnut, land shells and bones of quadrupeds, like 
those of the gypsum of Montmartre! 

The lacustrine formation of the Cantal, rests in the 
same manner upou primary rocks, with sandy and gra¬ 
velly beds below, gypsiferous marls, beds of flint and 
limestone above. This fresh-water limestone, and its ac- 


the data which are to determine the age of the lacustrine 
sediments; because the changes of their races mav, for 
ought we know at present, have been governed by 
wholly different conditions from those which affected the 
fresh-water or land shells and plants. Indeed, the case 
of shelly mid osseous marl at Market Weighton, as well 
as every peat bog containing the Irish elk, proves that 
this suggestion is well founded. The era of the qua¬ 
drupeds is to be determined from that of the lakes, not 
assumed to help out the deficient evidence concerning 
these latter. 

A few cases, selected from the great number of tertiary 
lacustrine deposits, for the sake of some peculiar facts 
which they display, mny now be introduced, to illus¬ 
trate tin eonditioiijof the surface of the land during the 
tertiury epoch. In general it is to be observed that, just 
us at the present day lakes sometimes occur on certain 
streams, in several parts of the volley, at different heights 
above the sea, and spread their waters over the Jura 
limestone, chalk, tertiaries, or primary strata, according 
to the nature of the country, so it was in the older time; 
mid no criterion of the age of a fresh-.watcr deposit is to 
be drawn from the marine nature of the strata on which 
it rests beyond the mere inference that it was posterior 
iu such strata. If, us must frequently happen, the cir- 


companying flints, are described by Mr. Lycll as possess¬ 
ing a strong resemblance in mode of arrangement to the 
marine chalk and flint; the flint of the fresh water, black 
within, white without, and undergoing the same changes 
of superficial colour on exposure as the chalk flints of 
England. 

The same Geologists have been very successful iu l’roveuce. 
tracing the firesh-watcr deposits of Aix in Provence, 
which have yielded a large number of fossil insects, 
some fishes, and land plants of existing genera. M. 

De Scrres also has described this locality, and studied 
the insects with attention. The general basis of the 
Aix tertiarics, is a rock of the oolitic system, inclined ami 
contorted iu position, with grypluea, belemnitcs, and 
ammonites. The lacustrine deposits arc in the lower 
part a series of carboniferous limestones and shale, with 
stony bituminous coal in several seams which altogether 
amount to five feet in thickness. The limestone is com¬ 
pact, grey, blue, and black, and resembles the mountain 
limestone of England. Fresh-water shells (cyclades, 
melanin, plunorbis uuio) accompany these beds, and 
gyrogouites are foond in the coal itself. Micaceous 
sandstones and shales, with earthy limestone and lim- 
ncn>, come on above; and these are succeeded l>y red 
marl and fibrous gypsum, also characterised by the pre- 
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Lignite 


sence of limneie and planorbes. Under and above 
the town of Aix, the upper series of the basin is observed 
to consist of red sandstone and conglomerate, covered 
by white aud pink-coloured mudstone and marl; and 
above nil is a triple succession of gypsum aud marls, over¬ 
laid by white calcareous marls aud mudstone, with cal- 
cureo-silidous millstone and resinous flint, containing 
land aud lake shells. It is in these beds that the fossil 
fish occur abundantly, and leaves and branches of fla- 
bdlaria, laurus, buxus, &c. are found. The insects are 
obtained from a parting in the upper gypseous beds. 
They are, with one exception, all land insects; and from 
the united testimony of M. De Kerres and Mr. Curtis, re¬ 
ferable or nearly related to existing genera, principally of 
the orders diplera and heiniptera, some coleoplera and 
hymenoptera, but only one lepidopterous insect: sixty-two 
genera are particularly enumerated by M. De Serrcs. 
May we not compare this curious and as yet almost unique 
fact in tertiary Geology to the collection of insects, leuves, 
and branches, which, when swept down by Spring or 
Summer floods, affords a rich harvest to the Entomologist 
on the borders of the rivers in the North of fiugluud ? 

The limestone quarries of (Eningen, near Scliaff- 
hausen, have long been celebrated for abundance of 
mammalia, birds, reptiles, fishes, insects, and plants, iden¬ 
tical or very similar to existing kinds. The section of 
the whole deposit is given by Mr. Mnrchison, who brought 
from this locality, in 1828, one of the most remarkable 
fossils which has ever been found—the entire and con¬ 
nected skeleton of a fox. The upper quarries offer a 
section of thirty feet, the beds changing downwards from 
brown clay into cream-coloured indurated marl, aud 
afterward into a fissile fetid marlstone, containing 
flattened shells of plauorbis, small litniicie, and cy- 
prides; ter these succeeds light-coloured, fetid, calcareous 
imilding stone, beneath which is a finely laminated 
bed, containing insects, cypris, shells of anodon, and 
many plants; then follow two thin beds of fetid lime¬ 
stone, in the upper of which a large tortoise was found, 
and in the lower one the tbx. Below are slaty marls 
and murlstoncs, limestone, and building stone, with a 
repetition of finely laminated layers of marl, with plants 
and fishes ; the general base is the molasse of Swiss- 
crland. Excepting this fox, which is very much allied to 
the common fox of Europe, all the other quadru|ieds 
found here are rodentia. The insects and pluuts belong 
to European genera. 

These descriptions of some of the most interesting 
lacustrine deposits, will render it unnecessary to particu¬ 
larize other numerous cases in Swissciland, Germany, 
Hungary, Italy, and Spain, which present nearly the 
same phenomena, and appear to occupy the whole 
interval of time from the lower fresh-water formation of 
Paris to the diluvial era, and to be represented by an 
equally continuous series of detached desiccated lakes 
from that era to the present time. 

There is, however, another kind of fresh-water de¬ 
posit which requires a short notice. Lignite, or wood 
coal, has long been known in France, in connection with 
the plastic clay group and other more recent strata, 
and also in the Isle of Wight. The same kind of car¬ 
bonaceous deposit is of value in the molasse of Swisser- 
land, aud very extensively spread over the North of Ger¬ 
many, and in the Valley of the Rhine; it also interla¬ 
minates extensively the marine tertiuries of the basin of 
Vienna and the border of the Carpathians; lignitic coal 
has therefore been considered as even peculiar to the 


tertiary era. This is not quite correct, yet the gene- Geology, 
rulizutiou is ol more importance than perhaps we may t l '- "• 
at present perceive. V"*-' 

r lhc whole mass of these lignites is made up of laud 
plants, mostly or wholly of dicotyledonous tubes, and 
they arc accompanied by marls, laud and fresh-water 
shells, and, in places, by the bones of pateolheria, anllira- 
cotheria, beaver, &e. The fixing of their relative age is 
hardly possible by evidence drawn from themselves 
alone,for the shells and plants are few, ami the quadru¬ 
pedal remains very local. If wc attempt to fix their 
date by that of the mnriitc strata which they divide, the 
uncertainty of the latter datum must, iu a great imu- 
sure at present, frustrate the uttempt. Perhaps the 
most recent deposit of this kind tnentionrd on the Con¬ 
tinent, is that described by De Beaumont as associated 
with the older diluvium, as it has been considered, 
which that author ascribes to the uplifting of the West¬ 
ern Alps. This deposit bears marks of slow and tran¬ 
quil accumulation in a lake, contains planorbes in the 
lajeis of clay which alternate with it, aud sometimes 
shows as many as four beds; it rests on and is covered 
by pebbles, which indicate violent watery action. 

It is highly probable that lignite has been fouucd at 
many periods, aud that deposits of this kind will be 
found at intervals from the plastic clay, through the di¬ 
luvial gravel and clays to the modern alluvial pent bogs, 
which they so much resemble in alternation and repe¬ 
tition of materials, paucity of shells, occasional occur¬ 
rence of quadrupedal remains, and almost every obvious 
circumstance. 

Bovoy Tracey, in Devonshire, is the only locality in fjguite of 
England where tertiary lignites are worth working; the Hovey 
exact Geological age. of this deposit is not known at pre- 'I' r »rey. 
sent. Pipe-clay of some value lies with it. Dr. Miller, 
in the Phil. Tram. vol. li. describes this deposit in a 
very interesting niunucr. The whole series dips to the 
South about twenty inches in a fathom. The perpen¬ 
dicular thickness of these strata, including the beds of 
clay with which they arc intermixed, is about seventy 
feet. There are about six of each, and they are found 
to continue Eastward, in an uninterrupted course, to the 
village of Little Buvcy, a mile distunt, and probably 
much further. The strata of coal, near the surface, are 
from eighteen inches 10 four feet thick, and are sepa¬ 
rated by beds of brownish clay, nearly of the same 
dimensions, but diminishing iu thickness downwards, 
in proportion as the strata of coal grow larger; aud 
both are observed to be of u more compact and solid 
substance in the lower beds. The lowermost stratum of 
coal is sixteen feet thick ; it lies on a bed of clay, under 
which is a sharp green sand of seventeen feet thick, and 
under that a bed of hard coarse clay, into which they 
have bored but found no coal. From the sand arises a 
spring of clear blue water, which the miners call miuidic 
water, and a water of the same kind, trickling through 
the crevices of the coal, tinges the outside of it with a 
blue cast. (Phosphate of iron.) 

Amongst the clay, but adhering to the coal, are found 
lumps of a bright yellow loam, which burn with an 
agreeable scent. (Retinusplialt.) Some of the coal is 
black, and nearly as heavy ns pit coal; this is called 
stone coal; but the most remarkable sort resembles 
wood in the grain and appearance so much as to be 
called wood or hoard coal. Some plants like grass and 
reeds lie in the alternating clays, which are in part 
curboiiuccuus. 
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i;h. li. 


S feet. 


3 to 14 fath. 


The fijllowing section of the Meissner by M. Ilerndes- 
hagen (Leonhard Taschr.nbuch, 1817) gives the most 
usual relations of the brown coul and basalt of that cele¬ 
brated locality. 

1. Duinmerde. 

2. Greenstone and basalt, 50 to 80 fathoms. 300 to 480 feet. 

3. Sclaviit, (blind coat,) a bituminous Unlimited 

clay, hardly to be distinguished from 
trim cual. 4 to 

4. Ku)ilouAds,in alt 3 to 14 fathoms thick, six. 

a. Srangenkohle (prismatieetl).. I to 4 ft.... • 

b. Glaiixknhlu (sp. gr. 1 438) .. 3 to 18 ft .. 

c. Pechkohle (»|). gr. 1.310) ... 3 in. to 3Jft. 
rl. Brownish blink (sp. gr. 1.359) 3 to 1 ft. ... 
r. Light brown light coat (sp. gr, 

1.330).4 to 8 fath.. 

f. Fossil wood,c.dloilstockwerk Gin. to 4ft. 

5. Licgciule, (sill or solo of the coal,) sp. gr. 2.515 

6. Triebmnd.•. 4 fathom. 

7. Blue marl, on the Hast of the mountain, with 

gypsum..... 10 to 15 fath. 

8. More or less friable sandstone 1 fathom, then 

sandstone to the foot of the mountain on 
the Knit side, but on the West side mui- 
rhelkalk. 

Organic Remains of Lacustrine Tertiaries. 
Plants from M. Adolphe Brogniart. 

Again in. 

Cryptogamin cclluhsa. 

Musettes Toumnlii .Armissan near Narbonne. 

sipiamatus .Longjumeau near Faria. 

Crypt, eojeu/ora. 

Kquiset. hrachyndon .Armissan. 

Filiciles poly botrya.Ditto. 

Lycopodites squamusus .... Paris. 

Clmra Leman!.St. Oucn near Paris. 

tuberculosa ...Isle of Wight. 

medicoginul..{“S’ 8an0 “' 

helictercs ... Pleura, Department da l’Atine. 

Phnntrng. gymnoiprrma . 

Pinus pseudnstrohus.. Armissan. 

Taxites Tournulii .. Ditto. 

Phan nog. monotuhjleilonru. 

Smilitciles hastuta ........ Ditto. 

Fialirllaria Lamanonis.Aiz en Provence. 

Kndogenites.Montmartre. 

Poacites.. Aiz. 

Phttnrrag. rhcol y/eilonea. 

Coraptnnia dryuudrtcfolia... Armissan 
Betuia dryailum ......... Ditto. 

(Urpinus maernptera.Ditto. 

Phyllites lievigata.Aiz, Armissan, Pavia, Sec. 

Geslini.Aiz. 

Nyinpluea uivtliusa.Longjumeau. 

? Oulmites anomalus.. Ditto. 

Carpolithea thnlictroidcs.... Ditto, Isle of Wight. 

ovnlum......Longjumeau. 

Ezogenites.... Pulaiseau. 

Conch ifera. 

Unio Solandri, Sow... Isle of Wight, Hordwotl. 

Cyclas. Aiz on Provence. 

Anodonta Lavateri.. (Eniugeu. 

My a ? gregnri.t, Sow. ..... Headon Hill. 

Corbula nitida, Sow.lale of Wight. 

Cyrrna pulchra ?.Hampstead Bay; Skye. 

liytilus Brardii, Sow. ..... Hordwell. 

Mollusoa. 

Garttrapoda. 

Flenorbii rotundatui, Sow. ... Pari*, Salinelle, (Gold,) Qnereey. 

cornu.. Paris. 

euomphulus. Sow. .... Isle of Wight. 

.^rvvostinus.Ditto, Pane. 


Plauorbis prominens...Salinelle. 

cornpresmis.Ditto. 

lens.Isle of Wight, Paris. 

cylindrical, Sow.. Isle of Wight. 

Limuea fusiformis, Sow.Headon Hill. 

minima, Sow.. Ditto. 

mazinia. Sow.Binstead. 

lougiscata, Lam.Headon. 

pyramidalis, Sow...... Ditto. 

coluinallaris, Sow. .... Honlwell. 

.cornea.Pane, Culls en Siennois. 

fabulum .Paris. 

ventricosa .Ditto, Bruere. (Cher.) 

inflate .Bruere. 

cyliudrus.Ditto. 

strigos.i.. Le Lucie near Neufchatob 

elongala.Paris. 

acuminata.Ditto. 

mqualis.. Sulinelle. 

pygmna...... Ditto. 

ovum ..Paris. 

Paludiua affiuis.Saliuelle. 

impura.. Quercy. 

Hammer!.Isle of Wight, Bouzweiler. 

carinata ..Pane. 

Ancylus elegans. ..Hordwell. 

deperditue ..Salinelle. 

Melania f.isci.ita .. Isle of Wight. 

Melanopsis carinata.Newport, isle of Wight. 

brevis ... Hordwell, &c. 

Phasianolla orbicularis .Shalcomb, isle of Wight. 

angulosa...Ditto. 

ininutu ... Diito. 

,, . ., T , (Paris, Aurillac, Nonette, nea 

Potamidura Lamarcku.1 Issncre. 

acutum... Isle of VV iglit. 

ventricosum.... Ditto. 

Indusia tubuluta?.Moulius, Auvergne, Colie. 

Cyclostoma truncatum... Paris, Caruetin. 

elegans antiquum . . . Paris. 

mumia.. Ditto. 

Helix globosa ..Shalcombe, Isle of Wight. 

I.emani.Pans. 

Dcsmarcstina.Ditto. 

‘Ramondii.. Orleans, Auvergne. 

Cocqui ........ ..... Ditto, ditto. 

Bulimus pyginams ..Paris. 

terebra ...Ditto. 

atomus .Paris, Le Puy. 

pusillus .... Ditto. 

Pupa Defrancii . 1 Paris and Auvergne, 

muscorum. j in a piprnne. 

Araciinida, Insecta, &c. 

Aranea ..Aiz en Provence. 

Phrynus. 

Coloopt. Dytiscus. 

Staphy linos. 

Buprestis. 

Melolontha. 

Curculionids ..... 10 
Trogosita. 

Hylophagidao...... 5 

Orthoptor*. 8 

llemiptera .• • 20 

Neuroptera Libellulid®. 

Hymenoptera.. 8 

Lepidoptera ... 2 

Diptera > 13 . 

Fishes. 

Mugil cephalna.Aix in Provence. 

Pereaminuta .Ditto and Paris. 

Cypriaus squamosus......... Ditto, ditto. 

bipunctatus. CEningeii. 

jises...Ditto. 

capito........ Ditto. 

uuiutui ... Paris. 

ictus. Rochesaura. (Ardeehe.) 

tinea .Cadiz. 
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Geo!ogf. Paceilia Lametherii.Pari*. 

Ch. II. Anormurus macnilepidotue ... Ditto. 

*■ —. — - 1 Esox.... (Eningctt. 

Amia ignota.. Ditto, 

Reptiles. 

Crocodilus gypsemm, Cur. ,.. Pari*, analogous to alligator. 

Argentoni, Ciiv .Argon tun, ditto. 

Sa’amandra gigantea.(Euingen. 

Triton palustris.Ditto. 

Rana...Ditto. 

Trionyx gypsorum, Cuv.Puri*. 

Maunoir.Aix mid Pari*. 

{ Lu Grave, L’Agenoii, Le Qneicy, 
Haute Vigne, (in Lot and Ga- 
tonne,) Costelnaud. 

Kmys gypsorum, Cuv........ Pari*. 

Teitudu of Aix...Aix. 


Several species , 


Biros. 

,.. Paris, Auvergne, (Eningen. 


Mammalia. 


( Paris, La Grave, Dordogne, (also 
1 Biusteud, Isle of Wight.) 


Wight.) 


t, , ., _ (Paris, La Grave, Dordogne, (also 

Palisothenuin magnum.{ Binsteud, Isle of Wi^t.) 

medium.. Ditto. 

..Ditto. 

l.itum .Ditto. 

minus.. La Grave, Paris. 

minimum .Paris. 

aurelianense ..Oilcans. 

tsselanum.Issil near St. Papoul. 

. (Paris, (also llinstead. Isle of 

Annplotherium commune .... | j ’ 

secundaiium.. Paris. 

Xipbiuloii gracile .. Ditto. 

Dicliobunea leporinus.Ditto. 

murium. Ditto. 

oldiipiug.Ditto. 

ChiPropot.unus Parisieusig .*.. . Ditto. 

Antliracother velatinum.Pity en Velay. 

• , . . (Argenton, Issel, Soisson, Gnnnat, 

Lophiodott major . { Mo.rtubuaard. 

serum! arm*.Argenton. 

minor.. Paris. 

pygmeus ..Ditto. 

inaximus.Bavtberg, neat Bouxweilor. 

seeuurliis.Hastberg. 

Monspelieiisis.Houtonnet, Montpelier. 

quintus.Argentou. 

Canis Parisiensis.Paris. 

Vulpes.CF.iiingOil. 

Genet to ties Platrieres ....... Paris. 

Conti ties Plat.............. Ditto. 

Didelph. Parisiensia.Ditto. 

Kciireuil des Plat .Ditto. 

Loir dcs Plat ..■.Ditto. 

-second ..Ditto. 

Lignitic Tertiaries. 

Plants. (No marine.) 

Conifer*. 

Pinus sphtcrocarpa.Erxleben near HelmsUsdt. 

ornata.Walch in Bohemia. 

familiaris.. Triblilx in Bohemia. 

Taxites acicularis .The Meissner. 

temiifolia.Comotbau in Bohemia. 

diversifolia.Cassel. 

Langstloriti.. Nidda near Frankfort. 

Juniperitcshrevifolia ........ Comothau. 

acutifolia. ... Ditto. 

? aliena.. Hchmetzna in Bohemia. 

Thuya gracilis.Comothau. 

Lnngsdorfii.Nidda. 

graminea.Perutx. (Bohemia.) 

Naiad*. 

PotamophylUtes mullinervis... Mont Rouge near Paris, 

Palma?. 

Pahnacitv* echinatus.Wailly near Sols sons. 


Flubellaria raplnfuUa. (Ha-ring in Tyrol, Lausaune, Vi- Geology. 

... - 1 narourt near Amiens. II 

Phienicites pumila.La Chartreuse de Urive. (Velay.) . - _ . 

Cocos (Pnrkinsonis).(Shrppey.) ” 

Faujasn .LiW ar near Cologne. 

Burtiui ..AVoleuve near Bruwels, 

Munocatylrd. i neerta. 

Endogamies...Liblar, Hurgen near Zurich. 

(Amomocarpum depreasum) .. (Sheppey.) 

(Pendanncarpum pyramidal.) . (Ditto.) 

Dieoly/edonea. 

Ament area?. 

Comptunia acutifolia ........ Comothau. (Bohemia.) 

Salix ?.Nidda. 

Populim?.Ditto. 

Castanea ?.Menat. 

Dlinus. Comothau. 

Jug/ande*. 

Juglnns ventricosa ..Nidda. 

laevigata...Ditto. 

Arerine*. 

Acer Langsdorfii.Ditto. 

Divoty/. merrta. 

Kxogenites.Universal. 

Phyllites cinnamiiuiifolia ..... Meissner. 

Carpolithes (many).Nubia. 

Leaves, Ac. (many).Ditto. 

Con chi FF.it a. 

llnio ovatug, St.Swis-irland. 

Cyclas palustris.Ditto. 

Cyrona antiipia.St. Marguerite. (Dieppe.) 

tellinoules...Soissons. 

cuneiformis.Ditto. 

Crawfurili .... ....... lruwaili. 

Ostrea Dediivucinu. 
incerta. 

Moli.vsca. 


Neritu globubis........ 

pisifurnus....... 

siibrinu. 

Ampullar)a. Ifuujasii.... 

Melunnpsis hurcinoide* . 


costnla. 

Melania triticea. 

Ksclieri. 

Paluilina virgula. 

iniinilor. 

Desm.irestu.... • 

Limnea bmgiscata .. 

Pliysa autirjua .. 

Planorbis rotunilatiis. 

reguluris... 

iucertus. 

punctata* . 

Prevostimis. 

Cerithium inelaniiiidenm funa- J 

turn.> 

Ampullaria depressa........ J 


Epernay. 

Ditto. 

Ditto, Soissonnois, Ac. 

, St. Paulet. (Garil.) 

fEpcriiiiy, Soissons, Cili- 
. , Beau, Ueadon lid), 
( Italy, Sistos, Ac. 
Soissons. 

, Epernay. 

, Kirpfaiich near Zurich. 

. Epernay. 

. Soissons. 

. Piuis. 

. Ditto. 

. Epernay. 

I.Sni'Simntiis, Bagnenx, 
" | Pans, Ac. 


Cezeriun. (Ilerault.) 
Bagnenx, Epernay. 

Dllto, ditto. 

Paris. 

Epernay, Anvert, Ba- 
gneux, Paris, Ac. 


R.F.FTILIA. 

Crocodilus d’Auteuil.Near Pari*. 

vulgaris.lruwaili. 

de Provence ......... Mine de Me«net(Provenee. 

Leptorhyncus.Irawsili. 

de Plnde .. Ditto. 

Trionyx de ITnde.Ditto. 

Salamandra ogygia, Guldf. 

Triton Noacbicus, Goblf. 

Rana diluviana, Gold. 

Ophh) dubius, (toln if. 

Mammalia 

Mastodon nngustidene.Kippniach near Zurieh, 

elephantoules.Iraw.uli. 
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South of 
Kuitlaiul. 


Mantoilon latiilent... Ir.iwmti. 

II q>|H>pot sinus.Ditto. 

Rhinoceros.K<*i>fniich, Irawaili. 

Tapir.Irawaili. 

Authrarothvrium mngnura.... CiuUbona, (Tuscany.) 

minus ... Ditto. 

minimum... Ditto. 

aliwticum....Lntman. 

silistrense. Caribari. (Bengal.) 

I.ophioilon Lsoimema.Department da 1’Aiina. 

Ho*...I rawadi. 

Castor des lignites.Kmpfnnch. 

Dislocations of the Tertiary Strata. 

After the deposit of the chalk and the plastic clay 
strata, and after the accumulation upon it of several re¬ 
gular marine tertiary strata, extensive disturbances hap¬ 
pened, by which the chalk and all the older strata were 
thrown into new positions, and the whole configuration 
of the land in the Northern zones was greatly changed. 

In Knglnnd, the effects of general convulsions at this 
epoch are very striking in the Southern Counties, and 
chiefly referable to two nearly parallel great undulations 
of the strata, of a peculiar character, ranging East and 
West. These undulations are of such a kind, that there 
are two axes of elevution and two parallel troughs. The 
Northern trough is nearly in the line of the Thames from 
London to Reading, beyond which it appears to end ; 
the Southern trough is directed along the Solent, to¬ 
wards the extension of the chalk beyond Dorchester, 
beyond which it also nppears to end. The Northern 
axis of elevation passes through the Weald of Kent and 
Sussex, South of Guilford to Ilighctcre ill Hampshire, 
and is continued along the Vale of Pewscy, but ends to¬ 
ward Devizes. The Southern ridge of strata passes 
through the Isles of Wight and Purbcck, and between 
Weymouth and llridport, and ends at some point in 
the Channel before arriving at Torbay. 

These great undulations np]>ear evidently caused by 
x iolent elevation of the strata along the two lines de¬ 
scribed ; and it is exceedingly remarkable that the effect 
of the convulsion is such, that in each cuse the decli¬ 
nation of the strata on the North side is generally very 
sleep or even vertical, us at Guilford on the one ridge, 
anil in the Isles of Wight and Purbeek oil the other, 
while on the South side the chalk in Hampshire, and 
the green sand and oolitic groups in the Isles of 
Wight and Purbeek, arc nearly level or slope gently to 
the .South. 

It is further observable, that for a certain length in 
the middle of each axis of elevation the strata are verti¬ 
cal or nearly so, on the North side, but on each side of 
this length the inclination becomes less und less violent, 
and at considerable distances, in one of the ridges, is re¬ 
duced to a gentle slope. Thus, on the Northern ridge, 
the strata are violently inclined along the line by High- 
clere in Hampshire, ( where the. chalk attains its greatest 
elevation in England,) and at Guilford, but both West¬ 
ward toward Devizes, and Eastward toward Kent, the 
slopes become gentle. Also on the Southern ridge, the 
strata are highly inclined North of Weymouth, nearly 
vertical in (he Isle of Purbcck, but absolutely vertical at 
the Western end of the Isle of Wight, and in Culver cliffs 
(Eastern end of the Isle of Wight) instead of being ver¬ 
tical are inclined 70° North. 

From these data we may infer confidently that the 
disturbing three ncted from below along particular lines, 
and most violently at certain points in these lines; and 
because of the unequal declinations of the strata oil the 


opposite sides of the ridges, we may perhaps admit the Geology, 
force to have been exerted in an oblique direction. This t-'h. 11. 
latter conclusion has often been suggested to us while 
considering the ordinary phenomena of faults. 

Diluvial Deposits. 

We have now concluded the history of the deposits 
formed on the beds of the ancient sea, in its depths, along 
its shores and in its estuaries, and we have noticed the con¬ 
temporaneous or alternating accumulations from the fresh 
waters which then flowed upon the Earth. The ter¬ 
tiary system of strata, by showing us remarkable alterna¬ 
tions of fresh-water and marine deposits, appears to es¬ 
tablish a connection between the ancient and the modern 
World, between the subaqueous and the elevated laud. 

The whole of that system presents us with strong 
analogies to the present order of things, in its races of 
animals and plants; and its fresh-water deposits have 
often a clear relation to the present level of the continents, 
and on this account might be viewed as the oldest of the 
alluvial formations. 

Yet upon closer inquiry it will be found that in many 
cases a very strong line of distinction is drawn between 
the tertiary formations and the true alluvial accumulations, 
by the intervention of an irregular mass of deposits, evi¬ 
dently produced by inundations of extraordinary violence 
upon the face of the diied and inhabited Earth. These 
deposits are so extensive, und over targe tracts of the 
Earth's surface have so much of a common character, 
that they have very generally been classed as the pro¬ 
ductions of one turbulent period in the process of the 
formation of the Globe, and termed the Diluvial deposits. 

This term was first employed by Mr. Smith, and when Origin awl 
subsequently adopted by the English School of Geology, uwiifilw 
it was often understood to refer to the effects of the 
Noackian Deluge; and though on this point opinions tire 
now more unsettled and various, the term may still be 
very properly employed by Geologists of every School 
to mark the effects of turbulent inundations upon the 
inhabited land, happening within a particular period in 
the History of the Globe. In this sense we employ it. 

Without entering upon the unprofitable history of the 
delusions in which Geologists have involved themselves on 
the subject of the Noachian Deluge, it will be proper to 
remark that all discussions of this nature are useful 
or injurious according as they ure carried on indepen¬ 
dently of or in connection with Theology. Burnet and 
Woodward, by mixing up false hypotheses with Scriptural 
History, retarded the progress of Geologicul Science, and 
sanctioned a perverse application of the Mosaic narrative 
to support every new, fanciful, and unsubstantial theory. 

We must always bear in mind that it does not fol¬ 
low that all deluges must he referred, to the Noachian 
flood; certainly many turbulent waves have traversed 
the Globe before the creation of man; some local 
deluges have happened since the days of Noah. It 
may therefore very possibly be true that the turbulent 
waters of which we are now to trace the effects upon the 
surface of the Earth, may be quite independent of the 
Deluge of Scripture; we have no right to assume any 
connection between them; and at alt events it will be 
prudent before thus entangling ourselves in fetters which 
it may be difficult to unclasp, to wait tor a full investi¬ 
gation of the subject. Many curious questions of time 
and circumstance are involved in such' a comparison 
which it will be wise to reconsider. 

There is nothing in Geology less improbable than the 
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Geology. occurrence of a period of violent watery action, for in 
the course of our aurvey of the stratified nocks, we per- 
ceived clearly that, during their production, long periods 
of regular and ordinary action have been frequently sue* 
cccded by temporary disturbance. The epochs of these 
disturbances relatively to other phenomena are precisely 
assignable. They differ in importance, and while some 
are so great and extensive as to afford means of classi¬ 
fying the strata over large surfaces of the Globe, others 
6 eem to have happened locally and irregularly. 

The present system of Nature muy be considered ns 
one of the periods of regular action, and the effects now 
produced upon the land and in the sea are of the sume 
kind as those occasioned (luring the comparatively tran¬ 
quil periods of older nature, because upon the whole the 
levels of sea and land are constant. But the deposits 
called diluvial arc characteristic of a period of watery 
tumult and disturbance of the most extensive kind, and 
are to be associated mentally with other great epochs of 
disturbance which mark temporary convulsions in the 
ancient system of Nature. This wutery tumult differs, 
however, from all anterior deluges, hy the circumstance 
that we are looking upon the land and reading there the 
truces left by violent waves, while those of ancient times arc 
known to us only hy the effects they produced in the sea. 

Proofs. We shall now present the proofs of such a system of 

turbulent waters having passed over large portions of 
the surface of the inhabited Earth, since the formation of 
all or nearly all of the stratified rocks now visible above 
the Ocean, and since the present continents were dried, 
elevated, and inhabited. 

Detritus 1. Without venturing to assert that every region of 

from the the Earth's surface is covered by the water-moved ruins 

mountains ol cooks, and waste of distant mountains, ill situations 
to which existing streams could not carry them, we may 
state that observations of this nature are general «for all 
parts of the Continent of Europe, Northern Asia, and 
Northern America, Countries which have been, better 
than any other, explored hy Geologists. In all these 
regions, great deposits of gravel, sand, and clay, con¬ 
taining in more or less abundance portions of all the 
known rocks and Rtrutn, lie spread over formations of 
every age, primary, secondary, ami tertiary. There is 
no order in the arrangement of these heterogeneous 
materials, no constant series or succession of deposits, 
but the utmost confusion and irregularity. The mate¬ 
rials lie sometimes in valleys, often on hills, crossing in 
their course both hills and valleys, and appearing to 
have little relation to the truck of the existing streams, 
though sometimes evidently influenced by the great 
physical features of the districts. Though the subject of 
the direction of diluvial currents, with reference to local 
geography, has not been sufficiently attended to, even in 
England, we are able to bring forward some striking 
instances in support of the preceding statements. It is 
well known that the mountain group of Cumbria encloses 
remarkable kinds of granite, sienite, and other rocks, 
and that they are separated from the Eastern parts of 
the Island by a long unbroken range of carboniferous 
limestone stretching from the Tyne to the Aire. A con¬ 
siderable hollow every where divides these ranges; and 
in some parts, as in the vale of Eden, the hollow is from 
1000 to 2000 feet, or more, below the summits on either 
hand. The lowest point in the whole line of carboni¬ 
ferous limestone, which offers itself directly to the West, 
is on Stainmoor,about 1500 feet above the sea. Now by the 
force of the cOrreuts of water alluded to, blocks of the 
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curious porphyritic granite of Shap Fells have been- re- Geology, 
moved from their original sites, (1500 feet above the sea,) Cl». 11. 
swept over a ridge of limestone rocks alsnit Orton, into 
the red sandstone vale of Eden, and from this deep anil 
ancient vale lifted up the steeps of Stnimnoor to the very 
summits of the pass. From thence they have been 
urged forward as from a new centre, and spread in a 
radiating manner over the South of Durham, mid the 
whole extent of the vales of York and Cleveland, to 
the foot of the Ilambleton Hills and the Wolds. Against 
these great barriers, considerable quantities of the rocks 
of Cumberland, and likewise of the carboniferous system 
of Yorkshire, are collected, but a large portion of the 
ddbris lias also travelled over and beyond parts of those 
high districts and reached the sea side, where many of the 
cliffs are covered by blocks swept from Cumberland and 
North-Western Yorkshire. In passing from Shap Fells 
to lloldcrness, the granitic boulders have been trans¬ 
ported across twodeep vales, and over two elevnlcd ranges 
of hills. Iri passing over these hills, we clearly per 
ceivc that the blocks were wafted by the easiest ascents. 

This is remarkably the case at Stainmoor, the lowest 
point in the long carboniferous summit, and the only one 
crossed by the diluvial boulders. It is therefore evident 
that at the period when these violent waters flowed over 
the North of England, the laud had assumed its present 
general shape and altitude ; it is also clear that the 
floods were influenced in their direction by the great 
physical features of the country, lint that at particular 
points they were of force and volume enough to over¬ 
come these natural obstacles. 

Besides the porphyritic granite of Shap other remark¬ 
able rocks of the Eastern part of the Cumbrian moun¬ 
tains have followed the same course. The hypersthenic 
and sienitic rocks of Carrock Fell, the brecciuled and 
amygdatoidul slates of Grasmere, Ulsvv liter, &c. may be 
often recognised in fhe same situations. Perhaps the most 
instructive of all examples derived from this country is 
that furnished hy the red “brockrnrn” of Kirby Stephen. 

This member of the saliferous formation is easily known 
by its fragments of carboniferous limestone imbedded in 
red sandstone, and its native site is in the depth of the 
vale of the Eden. From this deep repository it has 
been lifted by the diluvial currents over Stainmoor, and 
thence carried with the granites and other rocks of the 
Cumbrian group. 

The currents to which these effects are ascribed, must 
have flowed from the North-West. From the Western 
part ofthe Cumbrian group of mountains, currents flow¬ 
ing nearly from North to South have curried the granite of 
lluvenglass and Muucaster along the low ground West 
of the curboniterous chain of Yorkshire and Lancashire 
to the vicinity of Manchester, and through a great part 
of Staffordshire ; but this sort of granite has no where 
crossed the carboniferous chain, to spread down the 
valleys of the Aire, Dun, Derwent, or Dove. In this 
case, as in the former, it is evident that the current was 
directed by the great physical features of the country, 
which were the same then as now. 

The quartz pebbles of the Lie key have been w idcly From tho 
diffused over the plains of Warwickshire and Gloucester- lackey Ililt. 
shire to the foot ofthe (,'olswold Hills, but on arriving at 
this barrier they are stopped, except at two low points, the 
summits of the valleys ofthe Chcrwell and the Even- 
load. Down these valleys, and along their borders, the 
pebbles hold separate courses till the streams unite 
ncur Oxford, alter which the general course of the 
4 x 
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valley of the Thames is the line of the diluvial 
deposits. 

A tendency to be arranged in narrow, longitudinal 
spaces is sometimes observable in the diluvial accumu¬ 
lations. In Lincolnshire a long narrow ridge of diluvial 
chalk runs out in a South-Westward direction by Falding- 
worth. In Yorkshire the lias boulders from Hobinhood’s 
Bay keep nearly parallel to the present North and South 
line of coast; and the flinty gravel from the Wokla 
runs North and South from Pocklington to Cave. These 
observations will probably be much extended hereafter. 

The most extraordinary effects of tumultuous waters 
upon the surface of the land, appear sometimes to sur¬ 
round lofty ranges and groups of mountains. Thus the 
Mont Blutic group of primary mountains has been rent to 
pieces by some violent convulsion, and its mingled frag¬ 
ments transported along the lines rather than in the actual 
channels of the Rhone and the Arve into the Valais, 
along the Lake of Ueneva, nml up the slopes and 
through the valleys of the Jura even far into France. By 
this extraordinary course, blocks of enormous magnitude 
have been drifted in great numbers on to the tops of 
mountains, even to the height of 2000 or 3000 feet above 
the Lake of Geneva, and left there in such abundance 
as to encumber the land with thousands of extraneous 
masses. There appeurs in these collections of blocks a 
very singular tendency to nssociution in groups and lines. 
(l)c Luc.) It is particularly to be remarked that no or¬ 
dinary action whatever could possibly cover the abrupt 
mountains of the Snleve and Mont Sion with such im¬ 
mense and numerous masses of these rocks, or transport 
them across the deep and wide valley of the Rhone to the 
steep slopes of the Jura. For such powerful effects it 
will he difficult to assign an adequate cause, and how¬ 
ever much influence we may ascribe to the impetuosity 
even of an uplifted sea possibly cooperating with the 
disruption of glacier-covered mountains, the phenomenon 
must ever appear of the most remarkable kind. 

We seem to perceive, on a general view of the disper¬ 
sion of these erratic blacks from the Alps, a remarkable 
relation to the existing valleys. While the Mont Blanc 
group have yielded fragments to the Rhone ami the Arve, 
the Bernese oherlnud has supplied the basin of the Aar 
and the neighbouring part of the Jura; the valley of the 
Reuss has conveyed the waste of the mountains at its 
source; blocks from Glaris lie by the Lake of Zurich, 
and the valley of the Rhine holds the rocks of the 
Grisons. 

The great range of the Jura, opposed to the Alps, and 
separated from them by the long and wide valley of the 
Aar prolonged into the Lake of Geneva, has furnished 
the best opportunity of determining the geographical 
and other data belonging to the curious problem of the 
dispersion of these blocks. It is certain that iu their 
course from the Alps the blocks have principally followed 
the line of the present valleys, since they arc found 
along their sides in greatest plenty, and are collected 
in most abundance, and lie at the greatest heights, en 
those parts of the Jura chain which directly face the em¬ 
bouchures of the valleys. Yet this relation to the val¬ 
leys is of such u kind, that the blocks, instead of being 
limited to their beds, lie perhaps more plentifully on the 
hill sides, and intimate a totally different kind of watery 
action from that of the runuing streams. Some general 
convulsions underwater, at once elevating the mountains 
and opening the valleys, and pouring along the floodSj 
may safely be concluded to have caused the phenomena 


One of the grandest examples of the form and con- Geology, 
tinuityof diluvial currents is the dispersion to the South- Ch. if. 
ward, across the Baltic, of the primary and transition 
rocks of Sweden ami Norway. Brongniart ('Tableau 
de* Terrains ) has given an excellent view of these phe¬ 
nomena. 

The sandy plains of Westphalia, Hanover, Holstein, From Scau- 
Zeeland, Mecklenburg, Brandenburg, the coasts and dinavia. 
plains of Pomerania, Prussia, and part of Poland far 
inland between Warsaw and Grodno, and consequently 
all the low, generally flat, and sandy Countries which 
border the Baltic and the German Ocean from the Ems 
and the Weser to the Dwina, and even the Neva, are 
covered at intervals by these blocks. They are uot uni¬ 
formly dispersed, but coUeeted in particular spaces, and 
form in the midst of these vast sandy wastes distinct 
groups, generally elliptical in outline, with the longer 
axis directed North and South, or toward the Baltic Sea. 

Bruckner mentions a trainee of these blocks in the 
Northern part of Mecklenburg-Strelitz, which runs from 
West North-West to East South-East. They are more 
abundant on hilts than in valleys. The largest blacks 
are most superficial and nearest the tops of the hills. 

They consist of granites, sicnites, transition limestone 
with trilobites, Ac., and other rocks which have the great 
est resemblance to the rocks of Sweden ; they coutain 
the same peculiar minerals, and the same peculiar or¬ 
ganic remains. Their course from the Scandinavian 
peninsula is generally from North-East to South-West. 

On approaching the mountains wiience they were dis¬ 
lodged, we find the number of the blocks to increase 
considerably, and on crossing the Sound to Scania, they 
appear at every step, but the size of the blocks is not 
greater. The mountains of Sweden are not more bur¬ 
dened by loose blocks than is common to such tracts, 
but the faces of the rocks there uppeur furrowed and 
rubbed by the drilling of heavy bodies. The Baltic Sea, 
which crosses the line of these trainees of rocks, appears 
to have interposed no obstacle to their movement, since 
the heaps of blocks lie in the same direction on both 
sides of the water, and the quantities carried over are 
immense. 

Many of the granitic boulders on the coasts of York¬ 
shire and Norfolk are thought to have come from the same 
Scandinavian mountains. From observations iu Eng¬ 
land, Dr. Buckluml interred that the general direction 
of the diluvial currents was from the North-West. In 
North America, Dr. Bigsby and other observers have ob¬ 
served the prevalent direction to be from the North-West 
or North-East; the Scandinavian blocks have travelled 
also from North-East or North North-East. But the 
waste of the Alps has gone nearly as the valleys run, in 
all directions; Southward to Italy, Westward to France, 
Northward to the Rhine, and generally we may be 
assured that the prevalent direction iu any Country has a 
very close relation to the physical geography of the 
region. 

The degree of attrition of the erratic blocks is various, 
and generally not so considerable as that of the smaller 
pebbles which compose the greater part of the diluvial 
masses. • 

From the preceding data we are warranted in con- Inference, 
eluding that since the deposition of all or nearly all the 
marine strata which are teen in our continents, and 
since the actual land was uplifted from the sea, and 
shaped into its present leading physical features, large 
parts of the Earth’s surface have been deluged by floods 
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passing in various directions, which removed large quan¬ 
tities of the preconsolidated rocks, and dispersed them 
over distant Countries, in such abundance, of such mag¬ 
nitude, to such distances, in such directions, and to such 
altitudes, as to preclude the possibility of explaining the 
phenomenon by the action of actual streams, flowing in 
the ordinary course of nature, or deviating in any possible 
manner over the surface of the Earth, or by the bursting 
of lakes, however situated or circumstanced. For neither 
streams nor bursting lakes could possibly transport the 
Simp Fell granite to Flamborough Head, nor drive the 
sienites of Sweden into the heart of Poland. 

For the sake of exhibiting decided proofs of the 
powerful action of the diluvial waters, we have insisted 
much on the transport of large blocks of recognisable 
rocks; but it must not be imagined that such blocks of 
such magnitude compose the whole or the greater part 
of the diluvial deposits. These consist, in fact, of the 
detritus and fragments of every sort of rock, and of all 
sines, from the giant blocks on the Jura to the finest 
sand and sediment. The Eastern coasts of England, 
in Essex, Norfolk, and Yorkshire, are principally occu¬ 
pied by diluvial cliffs of clay, with interspersed pebbles 
and blocks, and irregular layers of gravel and sand. 
These deposits cover large tracts in Yorkshire, Lin¬ 
colnshire, Norfolk, Suffolk, Essex, the. In the Midland 
Counties, gravel, containing in some places ubuudance 
of chalk flints, and in other situations pebbles from the 
Liekcy Hill, is very common, and particular valleys quan¬ 
tities of oolitic gravel. It is generally observable that 
the most abundant portions of the deposits may lie 
traced to the neighbouring ranges of hills, as the chalk 
of llolilerness, Faldingworth, and Huntingdon, to tl>e 
neighbouring wolds, the sandstones of the vale of York 
to the Western moorlands, and the quartz pebbles of 
Warwickshire to the Lickey Hill, hut with them* gene¬ 
rally lie fragments from more distant sources. 

We now proceed to inquire wlmt was the condition 
of the land over which the diluvial currents flowed, with 
respect to its animal population. That it was inhabited, 
and very extensively so, in many districts wasted by 
these floods, is evident from the really immense quantity 
and variety of bones of quadrupeds lying in grsivel pits, 
clay cliffs, and other diluvial accumulations, or buried in 
caverns during and previous to that period of convul¬ 
sion. 

To mention all the known localities for diluvial 
masses from which bones of elephant, rhinoceros, horse, 
ox, deer, and a variety of other quadrupeds have been 
obtained, would be to form a gazetteer of Europe, Sibe¬ 
ria, ami North America. There is hardly n County in 
England where some remains of this kind have not been 
obtained at many places, and they are equally abundant 
in France, Germany, Italy, &e. 

Exactly as at the present day the bed of a river en¬ 
velopes the shells that perish in its waters, with the bones 
of animals accidentally lodged there, so the dduvial 
floods buried in the detritus of the land remains of the 
then existing organized creation. These remains enable 
us to Ray what races of animals were living upon the 
Earth at and previous to the time when those parts of it 
were overwhelmed ; and if upon examination it be 
found that these animals were of peculiar types of con¬ 
formation, that they did not begin to exist till a certain 
epoch, nor continue to live after another epoch, the 
period of their existence is a zoological era as distinct 
as any other disclosed to us by examination into the 


long series of periods during which organic beings have Oral 
existed upon the Earth, ‘ U,, 

In illustrating flus magnificent subject from the mate¬ 
rials furnished by the researches of Cuvier and Hucldiind, 
we shall first present the evidence furnished by diluvial 
gravel, clay, sand, and other unquestionable deposits ot 
the turbulent era alluded to; and afterwards add some 
results deducible from examination of caverns, the pe¬ 
riod of the occupation of which will he naturally de¬ 
termined by comparing their zoological contents with 
those of gravel pits, &c. 

The following ure some of the animals that have been 
discovered m these diluvial deposits. 

Pachydrrmata. 

Elejilms pt'imigeiiius. Rhinoceros tii-liorhinus, iic. 

Mastodon maximal, hr. Tapir gigniiteti.s. 

Hippopotamus major. Sus foss'iis. 

Chceropotamus. 

Solipeda. 

Eipius fosailis. 


Huminantia. 


Cervus enryceros, fkc, Virus. 

Bos. Mvrycolherium Sihoricum. 


Felis ipehra, hr. 
Hymn,, spelaia, hr. 
Wolf. 


Carnivora. 

Vulpes speluncnrum. 
LIrsns cultrideus. 
apelaiux. 


Rodrnlia. 

Porcupine. Arvicula. 

Beaver. 


Edentata. 

Megslonyx. Munis gignnteus. 

Megatherium, two species. 

The most striking general inference derivable from Mostly con- 
inspection of the preceding und more extended lists, ns gi-neunis 
contrasted with all the catalogues of the earlier animals, 
is the almost complete identity of the genera with some " uw l ‘ v ' 0|!i 
of those which now exist. Even in the tertiary system, 
though the quadrupedal population of Europe hail 
become considerable, and the circumstances of their 
existence in several respects closely analogues to what 
obtain at present, the genera were for the most pari 
wholly different. Here they are for the most part the 
same. 

The species, however, of the zoological era under 
consideration were mostly different lioin the existing 
races, some of greater magnitude, others of different 
proportions, all distinguishable by more or less remurk- 
nble peculiarities of their bony remains. Yet these dis¬ 
tinctions are often minute, ami unless the question of 
the amount of possible change iuduecd on the animal 
frame by long time and vuryiug circumstances could be 
more exactly appreciated, it may perhaps always admit 
of a slight doubt whether the distinctions alluded to 
be characteristic of the species of animals, or of the cir¬ 
cumstances of their existence. However, for nil pur¬ 
poses of geological induction, the distinctions being con¬ 
stant are ussumed to he specific. 

Among the species found in caves, fissures, and brec¬ 
cia, referred to the same era, are the following. 


Pachydrrmata. 

Elrplins | i iiui^vniiiH, fk c. 

IIip|M»|Mit*uini'* Sun fufciili* 

Rhinoccriii tichoihin'o, Kt\ 

4 \ 2 
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So/ipeda. 

Kijiins fomilil. 

lluminantia. 

Curves t'uryccros, &c. Ho*, uriu, antilope. 

Carnivora. 


Fulis fcc. 

I ( won a qielira, &c. 

Oulu njwlaeiM. 


Wolf. 

F«.x. 

XJrsns spelieus. 

cultrideaa, Ac. 


Rndenlia. 

Arvicoln fossiiis media. Lagomya, See. 

minor. Haro, rabbit, Ice. 

Hat. Beaver. 


From the general uiialogv between these two lists, 
from the prevalence in each of elephants, rhinoceros, 
hippopotamus, lelis, hytctia, ami hears, in Countries 
where ut present not a single animal of such genera is 
known to exist, there seems every good reason to admit 
them as belonging to the same zoological era, which M. 
Omalius l)*llalloy has,'not inconveniently, called the 
masto7.ootic era. lint all investigations concerning 
gravel and other diluvial deposits, prove indubitably that 
this era is exactly that which ended with the diluvial 
system of deposits. We may, therefore, venture in the 
following investigations to class together the remains of 
niainnmhu found in caves, fissures, breccia, gruvel, clny, 
&c. ns characteristic of a period of some duration, ter¬ 
minated in each district by great inundations, and 
equally capable of furnishing evidence concerning the 
then state of the Earth. It is not meant by this arrange¬ 
ment to pronounce ut all concerning the question, yet 
very insufficiently examined, of the partial contempo¬ 
raneity of the palccotherian and mautozootic races of 
animals in Europe. 

The first general result which we shall venture to 
draw from this combined evidence is, that the animals 
r whose remains are found in diluvial gravel and other 
superficial accumulations, or in limestone caves and fis¬ 
sures, or in ferruginous breccia, lived near or on the 
spots where their bones are found. This important in¬ 
ference might he safely deduced from the ordinary cir¬ 
cumstances under which fossil bones arc found in super¬ 
ficial gravel, &c., since in these cases they are little 
worn, though lying amongst fragments of rocks rouuded 
to pebbles, and often remain entire, or with no other in¬ 
jury than that occasioned by the effects of the attno 
sphere. Thus, the horns of a stag, senreely in the smallest 
degree injured, have been obtained from the diluvium 
of the vale of Pickering, the long tusks of an elephant 
from that of Holderness and Essex. This conclusion 
might, perhaps with equal certainly, be rested upon the 
occasional finding of the hones of elephants and rhino¬ 
ceros, and other “ antediluvian” species, in marl pits 
under gravel, in company with shells now existing in 
the neighbourhood, of which some indications occur in 
Cuvier’s celebrated Work the Ossemens Foe tiles, aud 
a more distinct case, at Market Weight on in Yorkshire, 
has been recorded by Mr. Dikes of Hull, and several 
members of the Yorkshire Philosophical Society. For 
in this case the bones of extinct and the shells of exist¬ 
ing species of animals lay pelhneli together, and the 
native locality of one must inevitably be ascribed to the 
other. 

But the case becomes certainly stronger, when wc 


take into view the history of the caverns, fissures, and Geology, 
breccia, containing bones ; for these afford us not only ^ h ‘ , 

reason to conclude that certain animals lived in definite '“ _v 
regions at a particular era, but display many of their habits 
of life and accidents to which the nature of the country 
exposed them. Those who desire to follow at length 
the detailed history of caves and osseous breccia must be 
referred to the luminous pages of Buckland, ('lleltqvire 
Dilnvianes ,) and that imperishable monument of genius, 
the Ossanm* Fotsiles of Cuvier. We shall here present 
a simple analysis of the leading remit* of their inquiries 
bearing on the subject before us. 

Caverns and fissureH containing bones, however pre¬ 
served, and of whatever kinds these are, present some 
important characters in common. 

(1.) In the first place they are, we. believe, always Omifcrou* 
situated in limestone, very generally in stratified lime- 
stone, though this character is sometimes denied to the 
dolomitic limestone of the Mediterranean shores. This 
circumstance has, however, apparently no relation what¬ 
ever to the accident of the caves containing bones, but 
is merely a general fact characteristic of limestone; for 
in this kind of rock nearly all the caverns, grottoes, and 
remarkable natural fissures in the World are situated. 

Aud as far as we have observed, there is no reason 
whatever in speculations on the origin of the bone ca¬ 
verns and fissures to exclude those of similar forms in 
which no hones occur. 

(2.) This being the case, we may remark further, 
that though in some cases the existence of the cavern 
may be thought to he connected with dislocations of the 
strata, as at Greenhow Ilill in Yorkshire, yet this is 
rather the rare exception than the general rule. The 
carboniferous limestone is full of caverns, yet not more 
so where numerous slips and veins divide it than in 
other filaces. Veins of lead ore hardly ever lead to 
these caverns, and it is n mutter of general remark, that 
though the stratu may be disturbed near them, the dis¬ 
turbance has little to do with the caverns. 

(3.) Most caverns, whatever he the character of their 
floor, assume at intervals along their length, the appear¬ 
ances of a great fissure in the rocks. This circumstance 
must have been often observed by those familiar with 
the caves of Somersetshire, Derbyshire, and Yorkshire, 
and is recognised even in that least favourable example, 

Kirkdale Cave, which in its nearly level course keeps 
its floor nearly on one particular bed of the rock, but 
occasionally opens upwards into narrow irregular expan¬ 
sions or fissures. The fissures filled with breccia may, 
iu fact, be often regarded as exposed caves,and resemble 
them in all essential circumstances. 

(4.) Very few of these cavities in the rocks are en¬ 
tirely free on their sides and roof front remarkable de¬ 
pressions and cavities, like those produced on limestone 
by currents of water, or the slow consuming agency of 
the atmosphere. Many of them which now convey 
water, and are not incrusted with stalagmite, as the Peak 
Cavern in Derbyshire, show this sort of watery erosion 
so strongly as to impress most beholders with a convic¬ 
tion that the whole was excavated by the running stream. 

(5.) Several writers, in particular Brongniart, have 
attempted to show that mere water has no effect in 
eroding rocks. This may, perhaps, be true of the oxide 
of hydrogen, but is certainly not a correct account of 
the effect of common water, and particularly of water 
containing carbonic acid, and traversing limestone rocks. 

The innumerable petrifying springs of limestone Coun- 
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Geology. tries at once demonstrate the inaccuracy of this reason- 
f h 111 , ing. The very rain from the heavens eats away these 
"~ v_ " stones rapidly. The springs which issue from limestone 
generally contain carbonate of lime, and most of them 
yield a large quantity of free carbonic acid upon ex¬ 
posure to the air. 

Ifcnr form* (6.) Those accustomed to underground works know 
*<!• it as a familiar fact, that the water which is absorbed by 

dry limestone land, takes particular channels through 
the rocks, down the joints, and along certain fissures. 
Every limestone hill in the carboniferous district of the 
North of England, shows in its mallow* and moor pilt 
the erosive power of the atmospheric water. We shall, 
therefore, venture from all these considerations to main¬ 
tain the enlargement or excavation of these caverns to be 
principally owing to the subterranean passage of water 
charged with carbonic acid, the direction of this water, 
and its power of erosion, being favoured by fissures and 
other cutises. If the altered drainage and other cir¬ 
cumstances of a country so far change the course of the 
water as to leave these subterraneun channels almost 
dry, the small quantity of moisture continuing to arrive, 
may slowly deposit stalagmite over the surfaces formerly 
eroded, anil the cave change its appearance altogether. 
An accidental inrush of water from another source may 
deposit mud or pebbles, and this be also covered up by 
another layer of stalagmite. 

It is no great objection to this view, that the cavities 
are sometimes exceedingly irregular, for water in its 
subterranean course must follow the original cracks of 
the rocks. I ndeed, upon a review of this matter, that 
very irregularity may perhaps he thought an argument 
in favour of the mode of origin here suggested. 

The most remarkable ossiferous caverns in England 
are Kirkdule Cave near Kirby Monrside in Yorkshire, 
the Dream cavern near Wirksworth in Derbyshire, Ban- 
well Cave in the Meudip Hills, Kent’s Hole near Torquay, 
Orestou near Plymouth, and Pavilnnd near Swansea; 
in Germany, the slopes of the Harz mountains give us 
the caves of Baumann, of Biel, and of Schworzfeld. Be¬ 
tween the Harz and Franconia is the Bear Cavern of 
Gliicksbrunn ; the Jura formation near Buireuth is cele¬ 
brated for the rich associated caverns of Gailenreutli, 
Sclitenestein, Brunnenstein, Hole berg, Wieserloch, Geiss- 
loch, Wunderhohle, Rahenstein, Kuhloch, Zahnloch, 
Schneidcrloch, Rewig, &c. In Westphalia the same 
oolitic formation has the caves of Kluterhuhle, and 
Stindwich. The Caves of Adelsburg in Camiolu and the 
Dragons’ Caves in Hungary have also yielded hones. 
In France, instructed by Dr. Buckland's researches, two 
caverns, rich with bones, have been described by M. 
Thirria near Vesoul, and several others near Montpel¬ 
lier and Narbonne by Marcel de Serres, Tournal, Christo), 
&e. and one near Miremont by M. de la Noue. 

Osseous breccia appears singularly connected with the 
coasts of the Mediterranean. It occurs at Gibraltar, in 
Languedoc, and at several other points in the South of 
France, at Antibes, Nice, Pisa, Cape Pulinurus, North 
of Bastia, (Corsica,) Cagliari, (Sardinia,) Maridolce, 
(Sicily,) in Dalmatia, Aragon, &c. Ferruginous breccia, 
in which bones are associated with pisolitic iron ore, oc¬ 
curs in Wurtemberg, and iuCarniola in Jura limestone. 
How filled In some of these caves hyaenas lived and dragged 
with bones, into them for food the bones of other animals existing 
in the vicinity; bears died in others; some were filled 
by tlie accidental falling in of browsing quadrupeds, and 
others heaped with a mixture of bones, mud, and peb¬ 


bles brought by general or local floods on the surface. (.Voinov. 
We shall give an abstract of the characteristic tacts Ch. II. 
attending each of these cases. —« 

Kirktlale Cave is one of the most remarkable instances Ki'kdale 
of ossiferous cavities known in England, both from the 1 “' e - 
number of species and abundance of the bones of qua- 
drupeds found there, their Mate of conservation, and 
other attendant circumstances. The entrance of this 
cave is on the Bide of a narrow valley 30 feet above the 
stream in a nearly level and perfectly undisturbed bed 
of coralline oolite. It had a sort of vestibule, much 
larger than the interior windings of the cave, mul 
in this, according to. Mr. Snlmoud, luy a considerable 
proportion of the large bones of elephant, rhinoceros, 

&c. Beyond this wus a step in the floor of the thick¬ 
ness of one bed of limestone, leading to the interior 
recesses, which follow an irregular line, occasionally 
rising to the height of 14 feet, blit generally under 4 
feet, am! about the same breadth, Imt liable to contrac¬ 
tions in both their meusures. The door was generally 
overspread and its inequalities filled up hy a Inver 
of mud, of eulcarco-argil laceups substance, such us 
might he supposed derivable from the joints and part¬ 
ings of the limestone. In some places the mud was 
more coarse and sandy. Stalagmite in considerable 
quantity had dripped from the roof, incrustcd the sides, 
and covered like a sheet the 'aver of mud rising upon 
its surface into mamillary tubercles. 

In the nmd, and protruding occasionally through its 
stalagmitic covering, lay the bones of six or seven air- 
nivora, hyaena, tiger, or lion, hear, wolf, fox, and weasel; 
three pachydermata, rix. elephant, rhinoceros, hippopo¬ 
tamus, the horse ; four ruminant ia, ox, mid three kinds 
of deer ; four rodentia, Imre, rabbit, water rut, mouse ; 
beside five hirds, raven, pigeon, lark, duck, and a bird 
of the size of a thrush. 

The bones were scattered over this long area, “ a9 
over a dog kennel,” almost universally broken to pieces, 
not as if by common fracture, but hy violent biting and 
gnawing: marks of teeth are discernible on many, exactly 
like those left by living hyirnas on similar bones sub¬ 
mitted to their jaws. Hytenas’ teeth in great numbers, of 
all ages, milk teeth, shed teeth, and worn to stumps in 
the jaws of the animal, abounded in the cave, la-sides a 
considerable quantity of osseous fecal matter, like tlmt 
of the modern hyicna. From these data, most of which 
may be verified on the numerous specimens extracted 
from the cave, Dr. Bucklund infers, that liyrenas were 
for a long |>criod the undisputed tenants of this den, 
lived in it for many generations, dragged into it for 
food, piecemeal, the bodies of animals then living in tne 
neighbourhood, and were finully dispossessed of their 
hold by an irruption of water which let fall the muddy 
eediment now enveloping the bones. The ordinary 
action of the water passing through the calcareous rock 
then covered the whole with stalugmite, and closed up 
the bones from the destructive agency of moisture ami 
air. This accounts for the conservation of their gela¬ 
tine. Few conclusions of this precise nature appear 
better supported by the facts of the case, and when we 
reflect on the remarkable analogy, in almost all points 
concerning the state and conservation of the bones, of 
the cavern at Torquay called Kents Hole, and contrast 
these particulars of the hyttna dm* with those of the 
ox caves in Meudip, we shall feel a full conviction that 
Dr. Buckland’s hold theory is a true interpretation of 
Nature. 
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Geology. The caves of Franconia appeared to Dr. Buckland to 

Cti. 11. have been tenanted by bears which died in the retired 
parts, and were there mixed more or less with sedi¬ 
ment and pebbles brought by subsequent diluvial floods, 
and the whole covered over % a stalagmitic crust formed 

Cave »f in the usual way. The cavern of Gaiienreuth is perhaps 

Kuiiluch. ||, e ln „ s i magnificent example of this doctrine; but 
that at Kfihloclt presents some peculiarities of a very 
interesting kind. “ It is literally true that in this 
single cavern (the size and proportions of which are 
nearly equal to the interior of a large, church) there are 
hundreds of cart-loads of block animal dust entirely 
covering the whole floor, to a depth which must ave¬ 
rage at least six feel, and which, if we multiply this 
depth by the length and hrendth of the cavern, will be 
found to exceed 5000 cubic feet. The whole of this 
mass has been again and again dug over in search of 
teeth and hones which it still contains abundantly, 
though in broken fragments. The state of these is very 
different from that of the bones we find in any other 
caverns, being of a black or more properly speaking 
dark umber colour throughout, and inuny of them rea¬ 
dily ('tumbling under the finger into a soft dark powder 
resembling mummy powder, and being of the same 
nature with the black earth in which they arc imbedded. 

“ The quantity of animal earth accumulated on this 
floor,” continues Dr. Bucklaml, “isthe most surprising 
and the only thing of the kind I ever witnessed ; and 
many hundred, I may say thousand individuals must 
have contributed their remains to make up this appalling 
mass of death. It seems in great part to be derived 
from comminuted aud pulverized bones ; for the fleshy 
parts of animals produce by decomposition so small a 
quantity of jierinmient earthy residuum, that we must 
seek for the origin of this mass principally in decayed 
bones. The cave is so dry that the black earth lies in 
the state of loose powder and rises in dust under the 
feet: it also retains ro large a proportion of its original 
animal matter, that it is occasionally used by the pea¬ 
sants as un enriching manure for the adjacent mea¬ 
dows.” This cave is entered by a lofty arch, above 
the river Erbach, expands within both in height and 
breadth, and terminates in two chambers closed at theend. 
Mo fissures enter this cave, and it has no other exit than 
the entrance above named, except a very small passage 
to the same valley. These circumstances arc consi¬ 
dered by Dr. Buckland to explain the absence of dilu¬ 
vial accumulations in this cave. There is no appear¬ 
ance of either stalagmite or stalactite having ever existed 
in this cavern. 

Mendip Dr. Buekland's views concerning the ancient occu¬ 
pation of hyamas and bears of the caves of Kirkdale and 
Franconia, derive much elucidation from the disco¬ 
veries of other caverns in which the animal remains 
ap|iear to have been accumulated in a different manner. 
We ulinil mention those of Hutton in the Meudip Hills, 
and of Ouston near Plymouth ; the former disclosed 
by ochre works, the latter hy quarrying for limestone. 
The ochre of Meudip Hills appears, in some cases, to he 
derived from the decomposed strata of the vicinity, and 
deposited in eaves und fissures of the limestone, cither 
by water continually passing downwards by filtration, 
or by some more transient and violent operation. In 
pursuing one of these mines of ochre near the village of 
Hutton, hones of ninny animals were discovered, and 
the circumstances were examined by the Rev. Mr. 
Cutcott, from whose manuscript Mr. Cunybcare has 


drawn up a clear account of this remarkable occurrence. Gaology. 
Tlie elevation of the ochre pit was 300 to 400 feet above ^ c * 1, “• 
the sea. “ The ochre was pursued through fissures in 
the limestone occasionally expanding into large cavern¬ 
ous chambers, their range being in a steep descent and 
almost perpendicular. In opening the pits the work¬ 
men, after removing 18 inches of vegetable mould and 
4 feet of rubbly ochre, came to a fissure in the lime¬ 
stone rock, about 18 inches broad and 4 feet long. 

This was fitled with good ochre, but contained no 
bones: it continued to the depth of 8 yards, and 
then opened into a cavern about 20 feet square and 
4 high ; the floor of this cave consisted of good ochre, 
strewed on the surface of which were multitudes of 
white hones, which were also found dispersed through 
the interior of the ochrcous mass. In the centre 
of this chamber a large stalagmite was suspended from 
the roof, and beneath a similar mass rose from 
the floor almost touching it; in one of the side wulls 
was an opening about 3 feet square, which conducted, 
through a passage 18 yards in length, to a second 
cavern 10 yards in length and 5 in hrendth, both the 
passage and cavern being filled with ochre and hones. 

Another pussage, about G feet square, branched otf 
laterally from this chamber about 4 yards below .its en¬ 
trance ; this continued nearly on the same level for 
18 yards; it was filled by rubbly ochre, fragments of 
limestone, and lead ore confusedly mixed together; 
many large bones occurring in the mass, among which 
four magnificent teeth of an elephant were found. In 
the second chamber, immediately beyond the entrance 
of the branch just described, there appeared a large deep 
opening, tending perpendicularly downwards, filled with 
the same congeries of rabble, ochre, bones, &e : this was 
cleared to the depth of 5 yards; this point being the 
deepest part of the workings was estimated at ulxmt 36 
yards beneath the surface of the hill.” (Reliq. mine.) 

The bones found in Hutton Hole belong to elephant, 
rhinoceros, ox, horse, deer, hyauia, bear, a nearly com¬ 
plete skeleton of a (bx. hog, and some gnawing animal. 

Three deposits of bones at Oreston, near Plymouth, Orc&ton 
have been detected by Mr, W hid by during the removal Cave*, 
of the entire mass of a hill of transition limestone for 
the construction of the Breakwater. The first deposit 
(1817) lay in a cavern 15 feet wide, 12 high, and 45 
long, and about 4 feet above high-water mark. This 
cavern was filled with solid clay, in which teeth and 
hones of rhinoceros were embedded. The second dis¬ 
covery (1820) was of a smaller cavern, distant 120 
yards from the former, one foot high, 18 wide, and 20 
long, and 8 feet above high-water mark. But the 
greatest extent of subterranean cavities was exposed in 
1822, by the intersection of apertures in the middle of 
the limestone, containing an immense deposit of bones 
and teeth imbedded in clay. Dr. Buckland describes in 
u very graphic manner the irregular branching or insu¬ 
lated fissures and caverns which were at this lime laid 
open in an artificial cliff 90 feet high, their various di¬ 
rection, loamy contents, and relation to similar cavities 
not containing bones in the neighbouring limestone 
cliffs. He remarks that the fissures and caverns are so 
connected, so often confluent and inosculating with each 
other, and so identical in their contents, that there ap¬ 
pears to be no difference as to the time and manner in 
which they were filled. In many of those which are 
nearly vertical, the communication is obvious, but those 
which pass obliquely, and consequently seldom lie in 
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. the plane of the clifF, may appear to close upwards. In 
almost all the cavities there occurs a deposit of mud and 
sand, and angular fragments of limestone; these sub¬ 
stances sometimes entirety fill up the lower chambers, 
and are lodged in various proportions on the shelves and 
ledges und in lateral hollows of the middle and upper 
regions. 'In one large vault it is sorted into laminin; 
sometimes it is interspersed with extraneous fragments 
of quartz and clay slate; stalagmite sometimes invests 
it; in some few spots were balls of iron-etone, and con¬ 
cretions of ochre formed in the clay; in others was a 
considerable quantity of manganese ore, sometimes in 
concentrically coated balls. The bones collected in the 
Oreston caverns and fissures belong to hyena, tiger, 
wolf, fox, horse, ox, deer. The bones of the horse pre¬ 
dominated ; those of ox and deer were also abundant. 

We may admit, without hesitation, that these caverns 
and fissures at Oreston were filled with this mingled mass 
of earthy, stony, bony, and metallic matters, by aqueous 
action ; and there seems no good reason to doubt thut 
partly in this manner, and partly by the accidental tail¬ 
ing of quadrupeds into open fissures of the limestone, 
many other caves in Somersetshire, Derbyshire, &c. 
have been stored with their animal remains. 

From s^h cavernous fissures, filled with mingled 
fragmentary masses, as those of Oreston, there is hardly a 
step to the fissures nr caves containing ossiferous breccia 
at so many points around the Mediterranean Seu. Al¬ 
most every limestone rock, wherever its interior struc¬ 
ture can be seen on ihc scu-coast, in ravines, in mines, is 
found to be traversed by fissures and excavated in caverns: 
it was therefore to be expected that such should be ex¬ 
posed in abundance in the calcareous precipices of the 
Northern shore of the Mediterranean. But it is very 
remarkable that they should be in those regions so ge¬ 
nerally productive of bones; that these should sp gene¬ 
rally be found in a reddish-coloured loamy breccia, holding 
fragments of the neighbouring rock, helices, aud other 
spoils of the land ; and that no marine production what¬ 
ever should be found mingled with the mass, though, as 
at Santo Ciro, near Palermo, ( Geological Proceedings, 
1833,) there be proofs of the marine submersion of the 
actual cave, before the introduction of the bony breccia. 
There is clearly no necessary relation between the ex¬ 
istence of these ossiferous cavities aud the proximity of 
the sea; in many cases their exposure may be owing to 
the waste of the coast, but iu others it must be mainly 
ascribed to the convulsive elevation of the land at some 
ancient period. In all cases the production of caverns 
and fissures in the rocks is the work of causes acting 
during periods long anterior to those when the animal 
remains were introduced. Thousands of cavities have 
been produced in the rocks, and filled with mineral 
treasures, and buried beneath vast deplhsof consolidated 
(strata, of very high antiquity; such of them as were by 
any causes exposed at the surfuce, have been filled with 
clay, or heaped with fragments of rock, and iu the great 
majority of instances lined with calcareous spar, and in 
Countries which were then inhabited by quadrupeds 
some have been partly filled by bones. The Geological 
era, when the latter occurrence happened, is rendered 
definite only by a rigid anatomical examination of the 
bones ; and by this Cuvier has taught us that we may 
confidently refer the great majority of the quadrupedal 
remains, whether found in gravel on the surface, in the 
mud, gravel, breccia, or stalagmite, or on the naked 
floor of subterranean caverns, to one zoological period. 


In general, the most abundant remaius in the ossiferous Geology, 
breccia ol the Mediterranean shores belong to the orders *!• 
runiinantiu aud rodcnlia; Ixmes of ursine, teliue, and 
canine animals, as well as those of hippopotamus and 
elephant, are rare. This is exactly what should hap¬ 
pen upon the supposition that the bones in the 
Assures were derived chiefly from animals which fell 
into them, for these naturally should consist principally 
of herbivorous tribes. The presence of land shells, of 
fragments of the neighbouring rocks, the abundant in¬ 
terlacement of stalagmitical carbonate of lime, tends ex¬ 
actly to the same conclusion; and even the redness of 
tlie breccia of Gibraltar, Cette, &c., is probably owing to 
the ferruginous nature of the neighbouring rocks. Tim 
influence of local causes is thus clearly indicated, ami in 
the opiniou of Cuvier, these have operated through con¬ 
siderable periods, so that the bones und fragments of 
rocks fell successively into the cavity, und the calcareous 
cement was gradually accumulated. If, in addition, \vc 
suppose, with Dr. Bucklund, that these same cavities 
have since undergone the action uf moving water, which 
might drift in heaps the fragmented bones and stones, 
and mix with them loam aud occasionally pebbles, all 
the phenomena seem naturally explained, ami the theory 
of the ossiferous breccia becomes connected with thut of 
the proper cavern deposits. For particulars respecting 
the ossiferous breccia of Gibraltar, Cette, Antibes, Nice, 

Pisa, Cape Palinurus, Corsica, Sardinia, Sicily. Dalma¬ 
tia, Ccrigo, Aragon, and tlie Veronese, we must refer 
to Cuvier’s admirable Ossemen* Fomles, tom. iv. 

As from the facts previously related, no doubt what- ('liumlc „f 
ever can remain that iu the "diluvial” period, and the Nnrth- 
fbr a long time previous, there existed iu Europe clc- ."‘KV!"" 
phants, rhinoceros, hippopotamus, lions, and liywuas, be- 
sides bears, the glutton, wolves, foxes, the horse, oxen, 
the urus, deer, beavers, bares, rabbits, water-rats, &c., 
we are presented with a problem of considerable inter¬ 
est reluting to the slate of tbc climate at that period. 

The most abundant, perhaps, and most generally diffused 
of all these remains are those of the elephant ami 
rhinoceros; though iu particular cases, bears or h\amus 
fill whole caves, and the horse, ox, aud urns ure very 
plentiful iu gravel aud marl. So many unimal remains 
of genera now exclusively confined to hot climates, have 
induced many Geologists to conclude that tlie Northern 
regions of the Globe were at that time much hotter, and 
that their total extinction was occasioned by a sudden 
refrigeration of the climate. On the other hand, the 
glutton, the urus, wolves, foxes, bears, horses, und large 
horned deer, und beavers, appear as characteristic of 
cold or temperate climates, aud furnish arguments for 
the doctrine that the animals resembling those now living 
in tropical regions, were fitted by some peculiarity of 
constitution to support the rigours of tlie Northern zone. 

These statements are so equally balanced, and the au¬ 
thors who support them so respectable, that no impar¬ 
tial inquirer cun pronounce between them without fur- , 

ther evidence. This evidence must be of a particular 
kind. It will be of little use to add to the number of 
animals on either list; and as the s/wies are difl< rent 
from those now in existence, the rclalivc power ol adap¬ 
tation to climate of their several living analogues will 
not be suflici'Mit to scille the point. W e must find the 
remains of some of these animals, iu such condition, or 
accompanied by such collateral circumstances, as to cha¬ 
racterise the climate independently of the generic rela¬ 
tions of the ammais. 
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Two cases coining within these conditions are known 
to Geologists, of so distinct a kind, and leading so po¬ 
sitively to the same conclusion, as to leave little room 
for further discussion. The first is the instance of an 
elephant, of the same species precisely as that usual in 
diluvial accumulations, being found in 1804, enclosed in 
solid ice, at the mouth of the Lena, where that Siberian 
river flows into the Arctic Sea. It was a perfect animal, 
with tusks in the jaws, and had evidently been entombed 
in its icy sepulchre immediately after death, for the flesh 
of its huge body was not decayed, but actually furnished 
a feast to the wolves and bears of the coast; the skin 
Tcmuined entire, and its whole surface was covered with 
hair nf two kind*, one shorter and finer near the body, 
the other coarse and bristly, and even sixteen inches 
long. It is to be regretted that the difficult circum¬ 
stances of the country did not permit Mr. Adams to 
examine minutely the anatomy of this specimen, thus 
wonderfully preserved through the fluctuations of ages; 
but the skeleton, mounted at St. Petersburg, furnishes 
sufficient characters to prove its perfect agreement with 
the fossil, and its distinctness from either of the living 
elephants. Here then iso plain proof that the fossil 
elephant was fitted, by an appropriate clothing, to with¬ 
stand the occasional cold of a high Northern latitude, 
nut perhaps to exist on the shores of the Icy sea, but to 
inhabit about, the sources of the Siberian rivers, and 
over the whole extent of Europe anil a part of North 
America. The North coast of America, ns well as that 
of Siberia, encloses abundance of the remains of these 
elephants in clifFs of frozen mud. (Cnpt. Bcechey.) 

The conclusion from this fact is rendered still more 
decisive by the discovery, in 1770, of the fossil rhinoceros 
lichothinus, under the same extraordinary circumstances 
of preservation of flesh, oil the bunks of the Wiluji, 
which falls into the Lena below Jakoufgk, and its body 
was likewise covered u'ith hair. 

Dr. Buekland’s conclusion of some remarkable cata¬ 
strophe and sudden refrigeration of the Siberian re¬ 
gions mill the border? of North America, near Behring’s 
Straits, seeins to offer a reasonable explanation of the 
extraordinary preservation of these remains, which be¬ 
sides may have been drilled from their original seats 
Northwards. 

The second case is the discovery together in the same 
marl pit, connected with gravel deposits, near Market 
Wcigliton, in Yorkshire, of the remains of elephant, 
rhinoceros, lion, wolf, horse, urns, ox, deer, <&c., species 
all or nearly all extinct, with thirteen species of land, 
marsh, and fresh-water shells now living in the neigh¬ 
bourhood. Now as hardly any animals arc more 
Tcninrkably limited in climate, and restrained by local 
circumstances, than the molluscous tribes of (he land and 
fresh waters, as the number of the species here discovered 
is considerable, and their identity altogether certain, 
without a single extraneous species, it is a safe con¬ 
clusion, that the climate in which they lived was that 
which England and the central parts of Europe now 
enjoy; for such mollusca become mixed with other 
races on approaching the Mediterranean, and many of 
them cease to exist in the colder latitudes of Northern 
Europe. The same conclusions result from the examina¬ 
tions of that remarkable deposit cnlled “ Loess," in the 
valley of the Rhine, where the extinct elephants and 
rhinoceros lie with many existing land shells. (Horner.) 
Hence we conclude, with confidence, that the antedilu¬ 
vian climate of the Northern parts of the Globe was 


nearly the same that It is at present; and it is no great Geology, 
objection to this view, thut the banks of the Frozen Sea Ch. IX. 
will not now feed an elephant, because, in the first place, 
it is not yet proved that the elephants were not drifted 
by the long Siberian rivers to their frozen mouths: 
and secondly, our conclusion is for a temperate or cold, 
not frigid climate, as distinguished from the torrid 
climate, to which some Geologists would unmercifully 
subject these animals in their warm Winter dress. 

Nearly all the propositions that we have endeavoured 
to establish concerning the important subject of diluvial 
accumulations will be admitted by theorists of every 
order. That the Earth has been covered over a large Other pro- 
extent, since the completion of nearly its whole apparent btesns. 
series of successive marine formations, by tumultuous 
floods of water, powerful enough to dislodge and trans¬ 
port, hundreds of miles from their native sites, huge 
blocks and fragments of racks, and to destroy the races 
of animals then living in those Countries, and to pro¬ 
duce considerable changes in Physical Geography, is a 
fundamental doctrine of modern Geology. But questions 
of considerable difficulty, which might perhaps have been 
postponed to a later period of the investigation, if the 
Sciencehad been permitted tofollow its own secure course 
of observation and induction, are forced upoji our atten¬ 
tion by the anticipations of theory, and the premature 
anxiety felt, even by writers on Geology, to establish paral¬ 
lels of time between the Geological datum of the destruc¬ 
tion of certain land-animals and the Noachiun Deluge. 

We have shown that these diluvial floods were very 
extensive, but we are required to answer further whether 
they were universal. We have proved them to have 
belonged ton certain limited zoological era; but we are 
asked, were they simultaneous over the globe ? We have 
admitted that they have effected changes in the physical 
features of the Earth’s surface, but we are called upon 
to stale whether valleys were excavated by their agency. 

This is the place to discuss the two former questions; 
the latter, though often mixed up with the others, will 
admit of clearer solution by first examining the action of 
existing causes in mollifying the surface of the Earth. 

The doctrine of the universality of the diluvial cur- Extent of 
rents, was adopted by Geologists, according to their' 1,u pheno- 
interpretntion of the connection between Geology and 
the Hebrew Scriptures, long lie tore they had acquired 
the ilower of clearly tracing the effects of such currents 
across their own hills and valleys ; and after Mr. 

Smith had fixed some of the leading characters of the 
diluvial detritus in England, they were hastily, by an¬ 
ticipation, applied even to Countries never visited by 
any observer. Subsequent researches have to a certain 
extent justified this boldness; and the discoveries of 
Buckland and Cuvier, by fixing zoological characters 
for the diluvial periods, have harmonized the results 
into a system. But it is unsufe at present to venture 
such a doctrine as the universality of the diluvial cur¬ 
rents, even upon the admission that their powerful 
traces are recognised over nearly the whole Northern 
hemisphere. If, indeed, it should eventually be proved, 
that diluvial currents huve constantly followed upon the 
elevation of large tracts of land above the sea, their uni¬ 
versality might be safely inferred, since nothing can be 
more clear than the former submersion of all our conti¬ 
nents. But this would not satisfy all the conditions of 
the problem ; as in diluvial gravel und caverns so closed 
there would be no reason tu expect the bones of lund- 
animals. and it is u matter of notoriety that the elevation 
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Geology, of land above the aea, instead of being confined to the 
*'• iimstozootic era, has proceeded at intervals through the 
whole Geological period. 

It must, indeed, be owned that many mountain ranges 
were uplifted at the periods alluded to, but we dare not 
so far deviate from the method of observation and in¬ 
duction which has raised Geology to its elevated rank 
among the Sciences, us to assume .universal inundations 
of (he Globe, to follow confessedly partial disturbances 
of the lied of the Ocean. On this, as oti many other 
questions, we must appeal to further observation. 

Length of The doctrine of simultaneity of diluvinl currents over 
•be diluvial the Globe, was introduced by the snme desire to nccom- 
1'ciiucl. ‘module Geological theory to the ordinary interpretation 
of the Mosaic record, and involves considerations of great 
difficulty. To determine whether diluvial phenomena 
are traceable over a greater or less extent of the surface 
of the Kart!i is the work of observation. To settle the 
date of these phenomena with reference to one another 
is a very nice and difficult subject of analysis and in¬ 
ference. Kven if it were the tact thut the diluvial de¬ 
tritus in different Countries was scattered by the devious 
currents of one simultaneous inundation, it is doubtful 
whether satisfactory Geological evidence could be col¬ 
lected to prove this. No single deluge of such vast ex¬ 
tent has been disclosed by investigations of the pheno¬ 
mena of earlier date ; we sec no agencies, either cos- 
mi d or terrestrial, likely to occasion it now; it cunuot, 
tlj'-’efore, be assumed, as a natural phenomenon, with¬ 
out violation of (he rules of Philosophy, 

Hut though, strictly speaking, the question of the 
simultaneity of the diluvial catastrophes in diirercnt 
( regions is inadmissible in the present stute of our 
knowledge, vve may modify the inquiry so as to bring 
Nk, ^it within the scope of examination. Let us inquire if 
the diluvial phenomena of all Countries in wiliest they 
ljive been observed, have so much of a common character 
ill to point to the same kind of eausc, so much of a 
cttfnmon direction as to be assignable to cutises having 
t»jfe same local origin, and are accompanied by such 
(bilateral circumstances as to be limited within an as- 
i\%nal>le period of time. The first point is already an¬ 
swered in the affirmative by ull the preceding observa¬ 
tions ; on the second point, we may observe that a con¬ 
siderable number of observations indicate a prevalent 
direction of currents from the North, but many others 
appear to refer (lie loeal origin of the currents to the 
neighbouring mountains. The third part of the inquiry 
lias also been met in part by the history of the animal 
remains in the diluvial and nutediluvial deposits; for 
these clearly belong to a limited zoological period, and 
as this period appears to have been terminated in each 
district by the diluv ial catastrophes, we are justified in be¬ 
lieving that the time during which these turbulent waters 
flowed was comparatively short. To the same conclusion 
we must necessarily arrive, from a comparison of the di¬ 
luvial disturbances with those of older Geological periods. 

But short as this period was, vve are able to divide its 
characteristic phenomena into successive stages. There 
ore few parts of England, where the diluvial masses do 
not consist of more than one kind of deposit, derived 
from a current in one direction. On the coast of York¬ 
shire the general base of the whole diluvium is a thick 
muss of clay, with heaps of fragments of rocks derived 
from Cumbria and North-Westeru Yorkshire scattered 
through it. In some places this rests upon water- 
moved chalk and flints; in others it is surmounted by 
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beds of gravel and sand, which are themselves, near Geology. 
Bridlington, covered hv thick I avers of chalk mid ( l ‘ u - 
flints trom the neighbouring wolds. Hut we must v ” 
be careful not to inter trom this mid similar tncts mure 
thnn they will bear. The lapse of time is here proved, 
but. as no deposit intervenes implviitg that the time 
was considerable, as the lower diluvium is not water- 
furrowed to admit the upper, as the same characteristic 
animal remains are found in several portions of the de¬ 
posit, it is possible that all these successive diluvial masses 
might be brought by the varying impetus of one continu¬ 
ous or inteunitting general convulsion. ])e Ueaumoiit, 
from his admirable survey of the Alps, infers with great 
probability that the diluvium around these mountains 
belongs to two distinct periods, ami was occasioned by 
two separate convulsions aflecting the Alps. Hj the 
former convulsion, winch elevated the Western Alps 
from Dnuphiiie to .Mont Hlanc, prodigious quantities of 
debris rolled off to the West, and by the second convul¬ 
sion, which elevated the Eastern Alps from Mont Hlanc 
to Vienna, the old diluvium was dislocated, and floods 
were occasioned, which transported a great quantity of 
materials over the detritus of the former jieriod. line, 
also, vve must lie cautious in the inference. That some, 
intervals happened amidst the diluvial disturbances, that 
the diluvium is of unupial antiquity is clearly proved ; 
but nothing has yet been established coutiury to the 
general view of this subject, which vve have bclbre sug¬ 
gested, vis. that the diluvial phenomena were produced 
during a comparatively short period of convulsion of 
the land, and consequent agitation of the sea, ensuing 
upon the completion of all, or nearly all the murine 
strata, now nppuicnt above the sea, and subsequent to the 
habitation of ul least the Halter regions of the Kaitli by 
various races of qiiadiupeds now extinct. Tins is all that 
can be safely asserted in the present state of Geology. 

Iii all the periods of time which elapsed during the (,| 
formation ot the stratified rocks, there is no evidence lmmnmriit 
that Man was a dweller on this Globe. Not in the »f die exist 
most recent of the tertiary strata, neither in the littoral 
nor in the lacustrine deposits of that period, have any 1 ‘ l 
traces of Man or his works been perceived. This ought 
ill no degree to surprise us, lor all the animals and 
plants ol that and earlier periuds were parts of an ear¬ 
lier system of organized nature. Hut it appears some¬ 
thing extraordinary that bones of men uml vestiges of 
human art should have been so rarely found in any of 
the ascertained deposits of the diluvial era, except under 
dubious or explanatory circumstances, since at that time 
the earth had assumed its present form and appearance, 
mid was inhabited by races of quudiupeds which, if no*, 
specifically the same, were, for the most part, closely 
analogous to those which now live; in particular, the 
horse and domestic cattle, animals so singularly ser¬ 
viceable to and dependent on Man, existed in great 
plenty in the Northern zones, and, therefore, the present 
system of organized nature, of which Man is the head, 
may be said to have commenced. 

That the bones of nieu are as durable ns those of 
quadrupeds, is established by comparisons made on 
fields of battle, and, therefore, if lie lived with the mas- 
tozootic quadrupeds, his remains .should, under some 
circumstances or other, be found mixed with theirs. 

Dragged into a den by the prowling lijteaa. or acci¬ 
dentally lost in a fissure, or overwhelmed by waves and 
buried in diluvium, wc should fiequenlly meet with the 
bones of our ancestors. Old writers, who saw in every 
4 Y 
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Ujo oiry. thing; only the traces of n general deluge, are full of 
i'ii n. discoveries of the bones of men ; but modern anatomy 
has assigned them to their true analogies, the elephant, 
salamander, and saurian. In modern times a lew 
examples of hones of men, found under circumstances 
arguing great antiquity, have been recorded. Upon 
strict examination it appears that in most cases these re¬ 
mains belong to a later epoch than the diluvial convul¬ 
sions : the petrified bodies of the coast of Guadeloupe tire 
enveloped in comparatively recent accretions; the human 
remains of the valley of the Ulster, near Leipzig, appear 
to have been inhumed since the general dispersion of 
diluvium ; the woman found in Pavduud cave was of an 
early British era. The only cases remaining for further 
examination are some caves in the South of France, 
where the remains of Man and rude pottery are found 
mixed with a quantity of hones Ix'longing to extinct 
species of animals of the musto/oolic era; superficial 
deposits in Baden and in Austria, where remains of men 
with depressed skulls (as if occasioned by lmuutiirui 
bandages) arc found ; and the remarkable notices by 
M. Bone (if mingled human and animal remains in the 
bieecia of N ice and Dalmatia. 

I„ ,„ii, Without stopping to discuss the yet imperfect evidence 
line, concerning the antiquity of these remains in the breccia 
and superficial accumulations, we shall pass to the con¬ 
sideration of the caves in the South of France. From 
the ov.uninations of Tournal, Chrixlol, and Marcel dc 
Scirc«, a considerable body of evidence lias been col¬ 
lected concerning the caverns of Bize, (Aude.) Durtbrt, 
Poiidres, Soiivignurgiics, (G:trd,) and from the similar 
state of conservation as well as mixture of the bones of 
men and animals in tiie caverns of Bize, M. Tournal 
demies positively that their age is the same. These 
animals arc stag, chamois, roebuck, antelope, and 
bear, which hardly require to bo cnmideied of the inns- 
to/.oolie era. The same conclusion was drawn by M. 
t'liristol, fioni subsequent researches in file caverns of 
Gaol, m which (lie animal remains were decidedly of the 
same era as the fossil elephant and rhinoceros. But the 
most instructive, probably, of all these discoveries, is 
that of the cavern of Miallet, near Aiiduze, (Gard,) com¬ 
pletely investigated by M. Teissier. This grotto, 
situated on the banks of the Gordon, is opened in a 
dolomitic rock subordinate to the lias, on a sleep slope, 
thirty metres above the valley. The lower layer of the 
interior of the grotto is dolomitic sand, irregularly over¬ 
spread by a thin stalagmitic crust, and in places by an 
iirgdlo-feiruginous mud, more than a metre thick, and 
adhering in several places to the roof awl sides. In 
this bed were discovered in great abundance, and excel¬ 
lent preservation, bones and teeth of large bears, and 
with them a few hones of liyteuu, ruminantia, and birds ; 
under the stalagmite, and under a bed of loamy sand 
from two to tour decimetres, a great number of human 
remains was found in various parts of the grotto. In 
the depth of the cavern they are unquestionably mixed 
with the bones of bears, which predominate; towards 
the entrance, on the contrary, human remains are most 
abundant, and appear of less antiquity. Upon the 
ossiferous loam, under a little projection of rock, was 
discovered a human skeleton nearly entire, near it a 
lamp and small figure in earthenware; further off 
bracelets of copper; in other situations coarse pottery, 
wrought bones, and edge tools of flint, indicative of 
ruder industry. The human skulls were depressed from 
above, apparently by artificial means, thus presenting a 


deceptive resemblance to the negro, though really be¬ 
longing to the Caucasian race of men. 

M. Teissier inters from these data that the accumula¬ 
tion of distinct periods can be traced in this cave :—1. 
The mastozootic or antediluvian era of the bears, with 
whose remains those of men are mixed, perhaps by sub¬ 
sequent natural or artificial means. 2. The era of rude 
civilization, (probably Celtic.) when the coarse pottery, 
flint tools, &e. were introduced, perhaps, to grace the 
scpiiltare of individuals. 3. The era of Roman Arts. 

There is no necessity of hazarding a definitive eon- 
elusion on the antiquity for these human remains, be¬ 
cause there is very great probability of gathering much 
additional information by the discovery of new caveB 
under different circumstances, in the mean time we 
may remark that the principal arguments for the coeval 
existence of men, and extinct pachydermatu and carni¬ 
vora in the South of France, is the intimate mixture 
and equal conservation of the hones; and these argu¬ 
ments should not be slighted, tor they would, probably, 
not iiave been resisted in any case of the mixture of 
quadrupedal remains. On the other hand, the known 
facts that many parts of the Mediterranean shores were 
anciently possessed by Troglodytic nations, and that the 
custom of burying in eaves, as well as retiring to them 
for safety, was very general in these Countries, adds 
great force to the opinion of M. Desnoyere, that, in 
most eases, the human remains are of no greater anti¬ 
quity than the early Celtic Ages, in which very similar 
works of Ait were executed. (See Dexnoyers, Rapport 
a la Soc. Goal. <lr. la France. lSSl.) 

It is clear that ossiferous caves have received their 
contents, some ut one period, and some at another, and 
that in others operations of the same kind, repeated at 
very different periods, have consigned to our investiga¬ 
tion monuments of all the great zoological changes 
which have happened on the dry laud since i( first be¬ 
came tenanted by mammalia. The whole subject must 
yet receive a great accession of well-observed fuels. 
One remark, concerning the excessive rarity or non-cx- 
istcncc of human remains in diluvium, and in caves of 
the elepliantoida! era, tnuy be of considerable importance. 
Those parts of the Earth's sin (ace to which traditions 
and, perhaps, general reasoning, seem to point as the 
first sitesof the human race, the central regions of Asia, 
have been as yet little examined with reference to this 
question. It may be very possible yet to discover them 
there even in abundance, though in the high Northern 
regions ineu may not have existed till much later periods. 
It is a singular fact that the Quadrumanu or monkey 
tribes which, so nearly approach to the bodily organi¬ 
zation of man, are equally absent from the deposits of 
winch we are speaking. 

Upon the whole, the evidence yet obfuiued concerning 
the Geological period when the human race began to 
exist on the Globe, is very imperfect, and we may, per- 
liups, wait long for more full information. In the mean 
time, it may be stated as a general admission that Man 
did not exist on the Globe during the secondary, and, 
probably, not during the epoch of tertiary formations, 
and that sufficient evidence for his coexistence in 
Northern climes with the mammoths and hippopotami 
is yet wanting; but as the races of oxen, horses, camels, 
&c. had then begun to exist, it is a reasonable expecta¬ 
tion that, eventually, this question will be decided in the 
affirmative. 

We shall conclude our remurks on this interesting 
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class of deposits Ivy some attempt to assign the causes of 
the diluvial phenomena. Those who refer these effects 
to one universal flood sweeping over the whole Globe, 
must of necessity ascr-hc such a mighty catastrophe to 
some great astronomical cause, such as the appulse of a 
comet, or the displacement of the axis of the Earth, or 
appeal to a miracle. But as we cannot venture to as¬ 
sume that what we name diluvial phenomena are of uni 
versal extent, or were occasioned by a single convul¬ 
sion, nor are entitled at our pleasure to disturb the 
harmony of the Solar system, nor to help our ignorance 
by invocation of miracles, these conjectural hypotheses 
must be passed by in silence. From what has been 
previously slated, we are entitled to look upon the dilu¬ 
vial epoch as a short period of violent tumult in the 
ocean, like many which have happened before; perhaps 
more extensive, but certainly similar. Why, then, 
should we tint refer it to tile same causes ? As the ele¬ 
vation of the beds of the sea after the grumvackc |ieriod, 
alter the carboniferous period, alter the cretaceous period, 
produced large and violent floods, and caused the for¬ 
mation of extensive conglomerates, so the elevation of 
the Alps may have caused the diluvium which has 


rolled from them, and the elevation of' the Scandinavian 
chains may have caused the transport of their granites, 
sieuites, and limestones across the Baltic, and uloug (lie 
plains ot Germany. ’1 hat the Alps have been elevated 
front deep sea is the universal conclusion of observers; 
that the whole cliuin has been rinsed nt a comparatively' 
recent, period is certain; and there appears every reason 
to believe that the dispersion of the boulders was conse¬ 
quent upon the elevation of those parts of the Alps 
from which lespoctivelv they were detached. 

We cannot apply this mode of leasmung to the t’nm 
brian mountains in England, for these appear to have 
been elevated above the sea nt a tar earlier epoch than 
that now under discussion. In this case, then, the 
fcflect must be ascribed to a cause acting from a dt^tnm <•, 
which would agree with the magnitude of the pheno¬ 
mena observed, and lend to the notion of some vciv 
general convulsion preceding tile diluvial movement';. 
Upon the whole, we will venture to conclude that the 
diluvial currents were occasioned by convulsive move¬ 
ments of pints of the solid fabric of the earth, of siiflieienl 
force to throw the waters of the sea over distant regions 
of dry and elevated land. 
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Table of Organic Remains in Caverns and Superficial Diposits subsequent to (nt T< rliary Period. 

N. U. Extinct genera urc marked with un asterisk. Caverns marked with (.,) Breccia with (/>.) 

Name. In Caverns and Itrercls .if nil Ages. In Dlluvlul mill Harder .Uiuuiulutioini. 

„ ■ . I e. (inih*nunitli, Znlinlnch, Paviland, Bi/t',1 ... .. 

Kemnins of men.{ lhirlort, Homlies, Souviguurgues, Sicily ... j K, ' str,li > Valley, Austin, He. 

b. Nice, Dalmatia. 

Ywspcrtilio . . Fiaurouia, trance....Kiintritc. 

b. Cagliari, Antibes. 

Sorcx ... . A\it>nn. 

b. Sardinia, Dalmatia ...Ditto. 

Talpa .. c. Avison ... Ditto. 

Ursus Blum . c. Germany. France, 1 n *1 . I Chit il 1 oil 

b. Krain, near Kremlin, Ainulcr. J * 

urctoidcuu, Blum.«\ Franconia, Biw, Sallcli**-, I,mud Vieil. 

cnltridens, Cuv.t\ Sundwich, Kent’s Hole.Val* d'Arno, Pny de Dome. 

other species . c. Franconia, Sitmlwich, Fmiz.ui, Sallelcs. 

b. Perpignan ....Poy do DAme 

Nasua, Cuv. h. Nice. 

Meles vulgaris. b. I. unci Vied, Salleles. 

Uulu spclwus . c. (iuilenrcuth, Sundwich. 

Viverni, Clift.. <*. and A. Australia. 

Canis bpelacus, (Wolf.;. . Franconia, Bi/c, S.ilK-los, KirU lale.. Yorkshire, 

b. Sardinia. 

fainiliaris...c. Lunel Vied. 


other species 
Vulpcs vulgaris ? .. 


... c. Franconia, Bi/e, Salh'les...Vnl* d’Arno, Avaray. 

...A, Sardinia; r. Kirkdale.. Perrieiburg. 


{ c. Kirkdule, Plymouth, Swansea, Paviland,» u .. r , .. . 

Muggondorf, I lari, Forwent, Sundwich, > ° } 7 * ' u,,s 111 * * ,c }fi n * » d Amo, 

Lunel Vie.1, Homlrcs, Kent's Hole, &e. .» lmr *' A,,l ' l ' v,IU '- X - Uwf '’ r ' 1 ' 

other specie*, GoUif. ..... e. Franconia, Sunilwich, Lunel Yicil.l*uy de Dome, \elay. 

„ , .. ,,, | r. Kirkd.de, Hlyiiumth.tJaileiiieuth.Baumann's I , . ., „ ,, , ... 

ielis speliBa, Goldf..{ Holile, Suiidwu h, Lunel Vied.J K 1 ’ V 11 Arl10 ’ B'elbccks in \ ork.hirc. 

untiipia, Cuv.e. Gailenreuth ; b. Nice. 

other specie*.....Upper Italy. Huy de Dome. 

Mustela (polecat). . Lunel Vieil, Gailenreuth. 

(weaiiel). . Kiikdale. 

Lutra antiipia, M. de S. . Lunel Vieil. 

other species ?.........Huy de DEimc. 

Da.yuras, Ilypsiprymnu*.1 

Phascolumys"' kangaroo ' and j c ‘ Au * tr » 1,a ' (C>‘ft.) 

wombat . > 

Pastor. . Lunel Vieil.....Vnl’d’ Arno, Huy de IMme. 

•Trogontherium Cuvierii,(Fisch.) .......Tdgiuirnk, urn the Sea of Azof. 

Werneri, Cuv.....Jai.edav. 

•Orteopora platyeephala(Harlan).Near the Jhhia.ru. 

—. {t gsafttas .-:::::::::::::;::::::) LM 

... f c. Kirkdule, Gailenreuth, Sunilwich, Gibraltar, 

AmeoUl ...I Nice, Cette, Corsica, Sardinia. 

Ilystrix.....Val* d Arno. 
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ff an . Cl In CuviTiis and JJreetla of all Agi>*. In Diluvial and Earlier Accumulation 

w ... . , 4 . / r. Kirkdalw, Kranciiniii. Sandwich .1 n . 

Li'piin ilihmamii mid oHwrs. . { h ( >ttc, Corsica, Nice./ Puy do D6.ni. 

Lngomyi ri'nii-.iiitis UninliA ... t1. Sardinia, Gibraltar, Cvtte, Nice. 

Chioromys.• •. . .. niUo. 

‘'Mi'i’iilicrniin Cmii ru.North and South America. 

•Mfg.ilmiyx Ji-flcrMiiii...Ditto. 

D.isypt-S iimvurd.....Poy de Dome. 

Klcph.il primi k r„mui, Blum. • • { "' ^Muggmdorf!Convent M*'!?'. 1 '.’. } Ver >’ S uncrall Y Kuro l'e. Asia, and North America. 

invrnlioiialis, Ncsti.Uplier Italy, Puy de Dome. 

.Yorkshire, Rhine Valley, Wittenberg, Russia. 

seu ral other species, ac-I .Russia, Podolia. 

cording to r mcher... . ) 

*M.i»todon imiximuH, Cuv.......Very general in North Aineiica, Norfolk. (Smith.) 

Aii^ubtidens, (’iiv. 

amlitnn, Cuv.Andes. (Ilumholdt.) 

Humboldtit, Cuv.Chili. 

elejihantoiiles, Clift... Iritwwli in Ihe Birman Empire-. 

hitideiis. Clift... Ditto. 

urvcrmmsi-, C. anil J...... Puy ill? DAine. 

llippopotiunus major, Cuv.{ I,, 1) ^« UimI ver f K‘ n ^lly. Upper Italy, Puy do 

undetermined. r. Palermo, Australia.Iratvadi. 

Rhinoceros tichorhiims Cuv. . j r ’ n^^Suwlw^hl'pouvcut™?!*^ f ’'* ,t ‘ r ‘ a ’ England, Germany, France, Val* d’Arno. 

A. Nice. 

lejitorhinus .. e. Lunul Vieil.... Cussae. 

minutiis. Cuv.. r. Lunel Vieil, Pnndm, Souvignargues. 

ctntus, C. anil .1...... Puy dc Dome. 

undetermined.St. Privat d’AUier. 

•Khvsmotberiiiin Fischen...Siberia. 

e. Bire, Sailclei Aigim, Ponilres, Lunel Vieil, 

Fimvent, Kirkil.de, Menilip, Clii'tim, Ply¬ 
mouth, Swansea. 

b. Nice, Antibes, Gibraltar, Dalmatia, Arra- 
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Kquus, perhaps more than one) 
species... [ 


gun 


Kiiitriti, Brunswick, Canst.ult, Val'il'Arno, Oxl'uii), 
Kssex, Yorkshire, (frequent,) Law ford, Ac. 


Hus.. Menilip, Bize, Franconia.Oxford, Val' d'Arno. 

other species.r. Sandwich.Puy de Dome. 

•Clurmpotniniw.. b. Vdletrunchc-Lauraguiiis.Jrawadi. 

*.Mencotheriiim Sibcricum..... Siberia. 

t Very general in lacustrine deposits, probably less an- 

Ccrvus megaceros. Hart.. c. Kent's Hole .J cient than the diluvial deposits, Knglaud, France, 

' l Ireland. 

taranilus prisms ........ Brcugue.P.urope. 

tarandus...Kiistritz. 

duma gigauteiis....... Abbeville. 

puliguacus .. ...Cussae, 

elaplitis.In English caverns generally.Frequent in Knglaud. 

Relioullii, Christol. c. Bize, Salleles. 

several others.c. Ditto, ditto.. Cussae, Puy de DAme. 

A. Gibraltar, Cetto, Nice, Antibes, Pisa. 

Antilope Cbristollii, M. de S. ... e. Bize, Salleles. 

other species.. b. Nice. Arrngoii.....Ira.wadi, Kbstritz. 

Ovis .A. Villefiaiiche-Liuiriigniiii. 

Bo. primigenius, Bojanus .,., { *• V “ “> Ar « u "’ l ’°" <,reS - 

tj„; / e. Bize, Houvignurgues, Lunel Vieil, Pondres, 1 Siberia, North America? Yorkshire, and various 

pnscus, Bo|.| Argon, Salleles./ parts of Europe. 

hombifrons, Harl.... Bigbone Lick, Ac. 

trnchocerus. Von Meyer.. ....l T nper Italy. 

Pallasii, Dekay.....Siberia, New Madrid. 

Velaunus.Cussae. 

vudeteriuincil ........... Kirkdale, Menilip, Plymouth, &c- ..In various parts of England. 


We have not ventured to admit into the preceding list, 
the numerous remains found iu the irony sands of 
Eppelsheim, which are stated to be related to the tertinry 
limestones of that vicinity, in which also (see Meyer's 
Paltcologira ) bones of rhinoceros, See. occur. These 
remains consist of species of gulo, felis, (not those of 
the caverns,) several small rodentia, cricetus vulgaris ? 
moschus antiquns, 5 species of eervus, (not those of the 
diluvium,) rhinoceros Selileiermacheri,(Kiiup,) mastodon 
ongustidens, m. nrvernensis, 3 species of equus, tapirus 
prisons, lophiodon Goldfussii, sus antiquus, s. palat- 
ocherus, diuothcrittro gigaiilcum, d. bavaricum, mania 
gigantea 


It may be remarked that in the valley of Rhine, and 
in some other parts of the Continent of Europe, where 
local tertiary seas have left agitated deposits along their 
shores, and in the line of their currents, it requires ex¬ 
treme caution to apply with propriety the term diluvial. 
By an appeal to the organic exuviae, where these are 
sufficiently plentiful, it may often he possible to resolve 
the doubt, especially where remains of the pachydermata 
are numerous. Thus elephants, hippopotami, rhinoceros 
tichorhinus, and certain bovine and cervine remains on 
the one hand, and, on the other palacothcria, lophio- 
dontn, &c. offer strong contrasts. But this test cannot 
always be applied, and it then becomes difficult to rely on 






















































GEOLOGY. 


70 L 


Geology, the minute distinctions which probably almost always 
_ • “• exist between the tertiary and diluvial species of the 
V—1 same genus. In this research much yet remains to be 
effected. Cases like those of Eppelsheim and Georges- 
gemiuid become in this point of view exceedingly im¬ 
portant ; for, by a comparison of many such instances, 
the series of zoological changes on the land, between the 
beginning of the tertiary and the end of the diluvial 
periods, may perhaps be eventually determined. At 
present we can only perceive that in general the palie- 
otherian inhabitants of Europe hud mostly ceased to ex¬ 
ist in these limited districts btdbre the elephuutoidal races 
hail spread themselves so widely over the Northern zones; 
and cun clearly show that the proportion of species be¬ 
longing to extinct genera in the undoubted tertiary de¬ 
posits. was at least half, while in the undoubted 
diluvial deposits and caverns of the same date, it was 
about one-tilth. The retnarkuble extinct genus mastodon 
is common to the tertiary and diluvial periods, and there 
seems good reason to think that in some of the localities 
in North America, remains of these animals lie in 
postdiluvial lakes, like those which contain in Ireland 
und Yorkshire the bones of thcccrvns tneguceros. Some 
remarks hearing on the general question of the deter¬ 
mination of the Geological epochs of marine ami littoral 
deposits, by compatisoti of their quadrupedal remains, 
will be found under the head of the tertiary strata. 

D<-pomt* of the Modern lira.—Modern Causes in Action. 

Relation of Having now concluded our descriptions of the strata 
terraqueous anil aqueous products recognised in the crust of the 
agencies Globe, and also traced the effects of subsequent extraor- 
raXni ll "' dinary inundations upon the surface, arising from local 
eras. changes of level or general internal convulsions, it re¬ 
mains to be seen whether the causes now in action in 
the modern economy of Nature arc of the same kind 
as those which were formerly concerned in producing the 
arrangements and disarrangements observed in the crust 
of the Globe. 

This is the true cardinal point of theory. According as 
the one or the other conclusion on this point be adopted, 
we may attempt to explain the undent phenomena by 
modern laws of Nature, and thus connect the present and 
the past, the extinct and the existing history of our Pla¬ 
net into one system of progressive change, according to 
the school of Hutton, Playfair, and J.yell; or suppose 
that in the chaotic infancy of our Planet, laws peculiar 
to thut period prevailed, und properties of matter were 
unfolded then which never show themselves at present; 
and that the ancient rocks and organic bodies belong to 
a wholly distinct set of causes, were the produce of a 
peculiar creative impulse, no longer permitted to ope¬ 
rate on the finished ami man-inhabited Planet. The 
Wernerian cosmogony bears very much this aspect. 

But though, put this in direct opposition, the rival hy¬ 
potheses appear to have no point of union, wc find, in 
fact, that between the opinion of Hutton, who considers 
Creative Nature to be perpetually in progress,—the same 
to-day, yesterday, and lor ever—and the dogma of 
Werner, that the World was made by a certain settled 
sequence of events, to which nothing similar now hap 
pens, every variety of theory is adopted and defended 
We may, however, with rigid accuracy and much con¬ 
venience, rank them in three classes. 

1. The favourers of Hutton's and Lyell's views, who 
maintain that the causes now in action to change the 


level and alter the relations of the masses of matter near (•'eologv. 
the crust of our Globe, are those which have ever been t'h. «i. 
in action, identical in kind, and equal in degree, in all v ■■ ' 

times past, and which may be expeeted to continue the 
sonic, in kind ami degree, through the future. 

2. 'I he general Seliool of English Geologists, who Views of 
have always maintained, and laboured to prove, thut the t kc Knglwh 
causes operating oil the snrluce mid in the interior of "" 
the Earth have remained through all times past mi. llll “ lll 'J 1 ' c,> 
changed in kind, and nre still operating with the same 
tendcncies as they always did, hut on smaller areas, and 
with less effect. This view of the subject has a double 
aspect. English Geologists have generally believed that 
as volcanoes were supposed to become languid tluoiigli 
want of fuel, ihe circumstances under w Inch the mo¬ 
dern operations of water and lire arc manifested in the 
general economy of Nature, approach more nearly to a 
state of equilibrium nr saturation, ami therefore nlforil 
no opportunity tor the same extraordinary display of 
energy as in ancient times; but since the relative pe¬ 
riods of the great convulsions which have elevated 
chains of mountains, ami given new boundaries to tlie 
ocean have lieen investigated upon sound priucifdcs, the 
mind has become gradually linn i I uni zed to another notion, 
and habituated to contemplate long periods of ordinary 
and regular action of natural causes, interrupted by 
transient local or general convulsions. According to 
this modification of the hypothesis, the present is a pe¬ 
riod of ordinary and regular action, succeeding upon an 
epoch of violent disturbance. 

8. The old notion of despairing speculators in cos¬ 
mogony, who found it easier to cut the Gordian knot, 
by ilatly denying the analogy of modem and ancient 
operations, and cither referring the whole beautiful older 
of the ancient works of Nature which they could not 
comprehend, to a momentary fiat of Deity, or to the 
rude and prolonged confusion ol elements in chaos. 

This is the only notice wc shall take of that mere 
dream of indolence and deficient observation; for we 
have already proved that the stratified locks are cer¬ 
tainly analogous in ail points to the products of modern 
waters, and thut the imstrutificd rocks clearly prove 
their special origin from fire. 

As in our accounts of the construction of the Earth* 
crust we have resolved lo separate the results of the an 
eieut operations of fire and water, so in our views of the 
modern effects of these agents, the same plan will he 
followed ; and, without stopping at every poiut to settle 
the precise amount of inference due to every datum, we 
shall present a connected view of the continual effects o 
the atmosphere, rains, springs, rivers, and the sea, on the 
surface of the Globe, before proceeding to the changes oc¬ 
casioned by more occasional eruptions of igneous agents 
from below, volcanoes and earthquakes, ami other con¬ 
nected phenomena. Rome general inferences, suited to 
the present state of the Science, may occasionally he ven¬ 
tured, ami perhaps many years must pass before any one 
acquainted with the peculiar temptations to insecure 
hypothesis which sciences of obsetvafiou hold out, will 
venture to dignify his imperfect generalizations with the 
delusive title of a Theory of the Earth. 

Wasting Effects of the Atmosphere. 

The gradual wasting of Uie surface of Ihe higher parts 
ofthc Eartli is an important element in Geological theory, 
and it is scarcely to be supposed that any Geologist can be 
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. 'jW' soentirelv engrossed with the contemplation of the ancient 
*' , operations of water in producing the stratified crn-t of 

our Planet, as to neglect the consideration of the analo¬ 
gous ell'ts-ts which are in progress at the piesent time. 
The. following examples of the varied elfects of atmo¬ 
spheric influences, in modifying the surface of the 
erections of niun and the works of Nature, arc derived 
from the writer's own observations, and it is to be sup¬ 
posed that they form Imt a small part of the current in¬ 
formation on the subject. 

The wasting effects of the atmosphere are those initial 
or preparatory processes by which euitliy materials are 
provided for rivers arid the sea to transport and deposit 
in new situations. 

These pioccsses, as far as they depend on the atmo- 
spheie, are chemical when the atomic composition am! 
the propei lies of the p:u ts are changed, mechanical when 
their stale of aggregation is altered ; and this may hap¬ 
pen In general humidity, variations of moisture, vari¬ 
ations nl temperature, or precipitations of rain. 

It is not, however, always possible to distinguish accu¬ 
rately the elleds of these several causes. Many natural 
ugem ic^arc often concerned in one operation, and the 
general result is the smn or thedliferonce of theireflects. 
The chemical elfects of the atmosphere are evident in 
buildings and on the surface of certain rocks. The same 
process which slowly reconverts the mortar of walls into 
carbonate of lime, frequently causes the pulverization 
am! bursting of the bricks, in consequence of the expan¬ 
sion of the small masses of lime which they contain. 

The surface of bricks is often covered with a saline 
eflloiesceuce, which is generally nitrate of lime, but 
sometimes muriate of soda. The surface of the yellow 
limestone near Doncaster is sometimes covered with a 
nitrous efflorescence, and so is the calcureo-iiiagnesiati 
nun tar made from it. 

Waste of The exterior of most uncrystalline rocks and buildings 
ki-lsj'iitlue seems to be slowly eaten away by the moisture and car- 
bonic acid of the air; but the influence of this destructive 
agent is most remarkable among the leNpathic rocks, 
whether like granite they are originally crystalline, or 
like millstone grit composed of fragmented masses. The 
fchspathic portion of ihe hypersthene rocks of Currock 
Fell is so wasted that the crystals of hypersthene and 
magnetic iron are projected from the surface consider¬ 
ably. Sonic greenstone dykes arc thus entirely decom¬ 
posed to g'reat depths from the surface, and whole rocks 
of granite, secretly rotten, wait only for an earthquake, 
or a water-spout, to be entirely reduced to fragments. 
Those who have seen the crumbled granite of Mun- 
caster Fell, or Castle Abltol in Arran, surrounded by 
heaps of its disintegrated ingredients, must have been 
struck by the importance of this phenomenon in rea¬ 
sonings concerning the origin of many stratified rocks. 

Both caibonic acid und oxygen act very decidedly 
upon the metallic, and particularly the ferruginous in¬ 
gredients of rocks, and thus swell and burst them to 
pieces. Sometimes, however, this very cause seems to 
harden and bind together the rock, and to render it 
more durable, and iu geueral, there is no certain test of 
the durability of any stone but experience under the 
same circumstances. The Bath stone, so permanent 
amongst its native hills, perishes in the salt air of Nor¬ 
folk, and few calcareous freestones of any kiad will long 
resist the carbonaceous atmosphere of London. 

It is worthy of remark, that sculptured stones buried 
under grouud are perfectly und even wonderfully pre¬ 


served, while their fellows left exposed to tne sky have 
been almost crumbled to dust. A fine example of this 
was noticed in tiic course of (he excavations for the 
Yorkshire Museum, by which the statues which once 
stood lietvveen the arches of the nave of St. Mary's 
Abbey were discovered, some with blue others with red 
drapery, one with gilded hair, all retaining the most 
delicate chisel murks. A few yards from them, at the 
West end of the Church which they once adorned, the 
atmospheric influences have nearly obliterated a beauti¬ 
fully sculptured wreuth of leaves round the doorway, so 
that Antiquaries have doubted whether they were meant 
to represent the vine or the ivy. 

Frequently, in looking at buildings composed of po¬ 
rous materials, like the Portland stone, or a grit, free¬ 
stone, we observe the parts which are overhung by a 
ledge, and thus kept in a slate of continual shade and 
dampness, to be more rapidly consumed thun the pro¬ 
jections ; but the parts winch hasten soonest to decay 
are those near (he ground. The same rule* are exem¬ 
plified in many remaikablc rocks, as for instance in the 
quurtiso.xc conglomerates of the old red sandstone of 
Monmouthshire, and the millstone grit of Brnnliain 
Crags iu Yorkshire. The" Buckslone” near Monmouth is 
ft huge rock inversely conical, expanded above into a 
targe area, but contracted below by continual waste to a 
narrow base of attachment. This process, a little fur¬ 
ther continued, might convert the buekstone, as pro¬ 
bably some of the stones of Itrimliam have been con¬ 
verted, into a “ rocking stone." 

In Northern zones the variations of heat and moist- 
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tire are greatest on the South and West fronts of change* of 
buildings, and m consequence those fronts to our Callie- 
drals decay most rapidly. This is remarkably the case mu s UIC ’ 
with the grand Cathedral of Yoik built of magnesian 
limestone, which is in many places quite consumed on 
these fronts, but comparatively uninjured on the North¬ 
ern face. 


Tiie vveatuering of the surfaces of buildings by the 
fluctuations of heat and moisture is parity dependent on 
the structure and composition of the stone. 'Thu flag¬ 
stone of Yorkshire is iu many houses at Bradford gra¬ 
dually decayed grain by grain, so that the surfaces of 
the stone, continually renewed, and never permitting 
the growth of lichens, appear always neat and dean. 
The magnesian limestone of the same County, often 
traversed by veins of calcareous spar, presents fre¬ 
quently u cellular or honeycomb appearance, in conse¬ 
quence of the projection of these veins above the exca¬ 
vated limestone; but the coarse shelly beds of the 
Northamptonshire oolites, and the irrcgnlurly laminated 
millstone grit, are decomposed in lines corresponding to 
the inequalities iu the composition ufTlic stone. 

Iu these cases the stone appears to undergo gradual 
and continual waste ; but sometimes the whole sm luce 
exfoliates. Basalt very frequently sutlers this kind of 
waste, granite not seldom, and it has been supposed 
in these instances, that the atmospheric action merely 
discloses the latent concretionary structure ot the rocks. 

The following examples require a diiFerent explana¬ 
tion. The bridge over the Wear beneath the Western 
lowers of Durham Cathedral built (about 40 years 
agu ?) of a sandstone associated with coal, is orna¬ 
mented with a balustrade, and the little pillars are 
worked with various swellings and mouldings. In 
crossing this bridge many years since, the writer struck 
one of the balusters with his hammer, and being much 
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surprised with the hollow noise Which ensued, stopped 
to ascertain tlie cause. It was found, in many instances, 
that a thin, external coat of stone parallel to the mould¬ 
ings was entirely separated from the internal nucleus, 
and ready to scale off upon the slightest blow. The 
Western front of the ancient and beautiful little Church 
of Skelton, near York, built of magnesian limestone, 
shows the same kind of decay in a direction across the 
bed of the stone. The Yorkshire flagstone is occa¬ 
sionally used, to make curb stones of two feet in height, 
the laminae being placed vertically, and the block worked 
above to a semi-ellipsoidul figure. Evcu these lami¬ 
nated stones frequently exfoliate parallel to the tooled 
surface. The ramparts of Zurich are built of sand¬ 
stone, belonging to the tertiary system, (molasse,) and 
the stones are cut with a boss along the middle and n 
depressed border. Desquamation happens parallel to 
the artificial surfuce. 

Since, in these various instances, desquamations are 
found to occur parallel to the surface, without reference 
to the internal lamination of the stone, the mpre circum¬ 
stance of exfoliation seems insufficient to demonstrate 
the originally concretionary structure of basalt and gra¬ 
nite. It is, nevertheless, very probable oil other grounds, 
that basaltic pillars, if permitted to assume their natural 
shapes, without pressing one against another, would re¬ 
semble a number of superimposed spheroids. 

All the eases of desquamation seem to arise from an 
alteration of the degree of coherence of the stone, where¬ 
by the external crust is made to expand and contract 
differently from the internal parts, and, in consequence, 
is soon separated from then). The surface of stones 
long exposed to the weather is frequently much indu¬ 
rated, while the inner parts remain soft. (This is the 
case in the outer circle of Stonehenge. Mr. W. Smith.) 

Frost is likewise an important agent in reducing to 
smaller masses the materials of the Kartli. Some stone, 
if brought to the surface in Winter full of its “ quarry 
water,” will break in pieces directly. Advantage is 
taken of this circumstance by the slate-workers ofStones- 
field and Collyweston, who quarry their stone in the 
Winter, taking care to shield it from the Sun ami the 
wind till the frost has acted upon it, with the aid ol 
utilised water, if necessary, which, by disclosing the na¬ 
tural fissility of the stone, permit the blocks to be cleft 
into thin, sound, roofing slate. Landslips in mountain¬ 
ous regions arc, probably, much accelerated by the 
power of frosts. In ascending the Righi from Weggis, 
on the Lake of Lucern, we are much struck by the 
extraordinary length and continuity of the joints of the 
iiiigclflue. It is from these natural partings that the 
landslips fall, when repealed rains, snows, and frosts 
have worn or buist them open, and the water passing 
down them undermines the foundation of the cliff. 
Thus huge blocks, liberated from their attachments, roll 
down the steep descent, or half the summit of a moun¬ 
tain slides upon its argillaceous bed. Vast portions 
have thus slipped from the Righi towards the Isthmus 
which divides the Lakes of Zug mid Lncern,and others 
are preparing to follow. The fissure is already opened 
parallel to the edge of the precipice, and pervious below, 
bo that a stone thrown in at the top, is said to fly bound¬ 
ing out at the base. 

We come now to the effects of rain, and without 
dwelling on the general degradation of the softer sur¬ 
faces of the Earth caused bv this agent, wc shall pro¬ 
ceed to show, that within the historic era hard and dur¬ 


able stones have been greatly furrowed bv the ruin, Geology, 
and that in more ancient periods, the precipitations from ' **• 

above have carved themselves channels of various kinds, 
anil sometimes occasioned real though miniature valleys 
of great length and continuity. 

Many Druidical monuments in the North of Eng- on inunn 
land are constructed of coarse millstone grit, a rock ' m ' n ' ai 
admirably suited for yielding those enormous blocks i 

preterm! by the ancient Architects. Three huge Druidi- 
cal stones, now standing near Itoroughbiidge, wdlod the 
“ Dri'il’n Arrow*,” present us with u nuet instructive 
lesson on the ultimate fate of all human erections ex¬ 
posed to tiic ravages of time. 

The rain, beating for *2(100 years upon these vene¬ 
rable pillars, has cleft their tops, and ploughed deep 
furrows down their sides. The grooves are deepest ul 
the top, and become wider ami less dislinet towards 
the bottom ; they cross indifferently the fiilse-bcddrd 
layers of pebbles, and go directly downwards. One of 
the stones leans remarkably and tlnealelis to fall, hot 
an examination of the furrows slams the inclination to 
be of most ancient dale, for they descend much further 
down the pillar on the upper inclined face than on the 
under. 

Similar effects of rains arc visible to a greater extent 
on the bold crags, like Alimas cliff mid liiimham rocks, 
which crown the summits of so many hill*, of Noitli- 
Western Yorkshire, fiotn some of which tile Devil's 
Arrows were obtained. 

In the valleys of Swisserland (Sainen) blocks of 
limestone, which have fallen from the mountain sides, 
have been furrowed in the same way since I heir de¬ 
scent. 

The carboniferous limestone of England has been mi m.-hy 
little employed in building, except partially in old castles, dills am! 
where it seems durable, and they who know the mag- lluuts - 
nificent ranges of scars which la-gird the hills of Derby¬ 
shire and Westmoreland, will acknowledge that few 
rocks seem more likely to endure the rage of the ele¬ 
ments. But yet close inspection of these giant dill's 
will prove that time has been busy there. The dry and 
blenched aspect, and the smoothed angles, slim* plainly 
the wasted surface. Those who have stood on Dnwurd 
Hill, near Monmouth, to contemplate the rain-furrowed 
white limestone there, will not need another example. 

In the North of England analogous and more icinurk- 
able instances present themselves in the wide limestone 
base of Inglcborough, and in Hutton roof crags near 
Kirby Lonsdale. 

The vast limestone floor whirl) supports the rone of 
Inglcborough is marked in all directions by natural fis¬ 
sures, and divided into compartments like a map. 

If one of these compartments be examined in the 
Western part of the mountain, its surface will be found 
scooped into little hollows which unite into a common 
channel, and terminate by indenting the edges and fur¬ 
rowing the sides of the fissure. They nre, in truth, ‘ 

valleys in miniature, separately produced by the drain¬ 
age, so to speak, of the several blocks. 

The mere decomposing effect of flic atmosphere pro¬ 
duced on the edges of the stones a different effect, by 
wearing away (he softer lamiruo, but the smooth surface 
of the miniature valleys, their regular descent, winding 
course, ainf union into a common channel, show that 
they were fashioned by the repeated operation of de- • 

Mending rain. 

This scar is nearly level, hut in Hutton roof crags wo 
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have an opportunity of tracing the rain channels over 
an immense surface of bare limestone rocks lying nearly 
level on the hill top, but sloping rapidly down the sides 
to the East and South. On the level top of the hill the 
stones are variously worn in hollows and grooves irre¬ 
gularly united and running in different directions ac¬ 
cording to little variations of the ground; but on the 
steep East nnd South slopes the channels are extended 
into long furrows, which, uniting at acute angles, en¬ 
large, widen, and descend the hill side, in lines follow¬ 
ing exactly the declination of the rucks, and stopped 
only by the few and distant fissures beyond which other 
systems of concurrent grooves begin. 

It la impossible by drawings, or descriptions, to con¬ 
vey inch an idea of the appearances of the Hutton roof 
crags, ns to awaken in others the deep impressions 
which are fixed fur ever in the mind of the observer. 
The astonishing resemblance which these little rain 
channels present to the great system of valleys which 
undulate the stratified rucks, seizes upon the imagina¬ 
tion, and we re-examine all our notions of the origin of 
these great undulations. The fissures in the limestone 
rocks which stop and swallow up the gathered streams, 
are analogous to those longitudinal valleys beneath 
the escarpments of the oolites, and the chalk by which 
the livers are turned at right angles to their earlier 
course, while the lower edge of the fissure corresponds 
to the escarpment itself, wjjfh its new system of denu¬ 
dations. 

To see these rain and time ploughed furrows winding 
in uncertain directions over the horizontal limestones on 
the hill ..op. like a slow river in n level plain, but run¬ 
ning a straight downward course on the slopes, like a 
stream descending From its parent mountains, is enough 
to impress on every beholder a secure conviction that 
the excavation of valleys must be explained upon similar 
principles; that, as the feeble currents of descending rain, 
aided by long time, have been sufficient to plough their 
little courses, so the greater action of existing streams 
has been sufficient to work out their actual channels, 
though the excavation of the broad valleys in which 
they run, may have been accomplished by more violent 
ami voluminous waters, flowing in directions predeter¬ 
mined by ancient subterranean movements. 

It is probable that the slow but incessaut action of 
rain, beating perpetually oil the hard and the soft sur¬ 
face of the Earth, nnd removing grain by grain the ma¬ 
terials loosened by the expansive agency of frost, mois¬ 
ture. nnd chemical changes, may he, in n given long 
series of years, more important in its effects than the 
violent water-spout, or the ravaging inundation of a 
bursting lake. Yet the effects of water-spouts are tre¬ 
mendous in Countries composed of easily destructible 
or unei|unlly indurated materials, A water-spout which 
fell on the mass above Kettlewell in Yorkshire, commit¬ 
ted the most terrible ravages in the narrow valley of the 
Whnrfe, near Kettlewell and Starbottom. On the sides 
of the mountains in Cumberland, traces of these visita¬ 
tions seem utterly ineffaceable ; nnd the memory of the. 
sudden bursting of the Peat Bog above Keighley, will 
tong be preserved in the valley of the' Aire. The floods 
which rushed simultaneously from the Cairn Gorum and 
other mountains, in August 1829, over 5000 square 
miles of Aberdeenshire and other Counties, were of pro¬ 
digious fury, removing hundreds of tons of large stones, 
whole acres of woodland, and almost hills of earth. 
The desolating effects of the bursting of the ice-dam 


which had formed the temporary Lake of Bagnes, are Geology, 
matters of history. The moving mass of water, mud, Gh . I1- 
and monstrous rocks, which swept with violence down 
the valley of the Dranse, carried away forests, houses, 
bridges, cattle, and men. In six hours and a half it 
passed through an unequal aud irregular course of forty- 
five miles, til) its waves were lost in the Lake of Geneva. 

Glaciers arc likewise to be enumerated among' the 
powerful agents by which the higher lands are wasted, 
and materials provided tor the raising of the lower. As 
the Summer heat melts every year the lower portions of 
these long winding rivers of ice, and the heateil ground 
thaws, and the gathering water dissolves their foundation, 
the whole mighty muss of snowy ice. slides downwards on 
its failing bed, ploughs up the stones, breaks up the 
rocks, and adding their spoils to the accumulations of 
the avalanches, throws to the sides huge banks of rub¬ 
bish, provinciully called moraine. The foot of the glu- 
cier is thus surrounded by an immense hill of loose 
materials which gradually find their way into the stream 
that issues beneath# 

Descending Streams and Rivers. 

The wasting effects of the utinosphere, noticed in the* 
preceding section, are sensible in all regions, and there¬ 
fore in every Country some materials are provided for 
the streams to transport. But the proportion of matter 
thus prepared in mountainous Countries is so vastly 
greater than elsewhere, that in general the less conspi¬ 
cuous effects of the same causes in lower regions are over¬ 
looked. Tile common notion respecting the action of 
alpine streams appears to lie, that these are (he princi¬ 
pal agents of destruction upon the faces of the moun¬ 
tains, and it is to them that the actual waste of the 
surfacp is attributed. But though these streams arc 
indeed active agents of excavation, their principal in¬ 
fluence is of quite another kind, uml it is chiefly by the 
disposition of the materials brought into them by rains, 
avalanches, aud water-spouts, that they effect such 
important changes. 

jn considering the action of streams and rivers, we Krosiic ( > r 
must distinguish between their powers of eroding or excavating 
excavating , and of transporting solid matter. actiim of 

The former is occupied on the channel and flood way, btru ' ims ' 
aud its effects have relation to the consolidation of the mat¬ 
ter tru versed, and to tlie rapidity and voluineof the moving 
water. About their sources, and for a long pail of their 
early course, streams deepen continually their channels, 
and wear away their barriers of ruck: but in their broad 
expansions near the sea, this power of excavation wholly 
ceases, as a general law, aud is only evinced in particu¬ 
lar cases, as when great bauds ure cut off or banks are 
undermined. 

We have abundance of examples in all our mountain 
regions of the actual excavation of their channels by the 
rivulets and rivers. In die district of Aldstone Moor, 
the South Tyne runs to the North from tile side of 
Crossftili, for some miles along a slope of shale, over the 
Tyne bottom limestone. In this shale, which is itself 
excavated into a broad valley, the river hag evidently 
cut its own narrow yet sufficient chaunel; and no con¬ 
trast can be more striking than that here afforded by 
the mighty valley of Tynedule, 1500 or 2000 feet be¬ 
low its bordering mountains, and the little channel hold¬ 
ing the waters of the River Tyne. Every rivet in this 
manner works out its own channel in elevated regions. 
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and in lower ground the soft clays and sands yield a 
passage to the feebler currents. In the level regions, 
along the rivers of Yorkshire and Lincolnshire, the chan¬ 
nels have been many times changed, even by those slug¬ 
gish streams, and still more in the deltas of the Rhine, the 
Nile, and the Mississippi; and among the Alps, this 
fluctuation of the river-courses is excessively irregular. 
No doubt, then, can remain of the fact that rivers and 
running waters excavate and alter their channels. 

+ Mr. Lyell has given a remarkable case of the recent 
excavation in a bed of modern lava of a channel from 50 
to several hundred feet wide, and 40 to 50 feet deep, by the 
River Simeto, flowing from Etna. Mr. Scrope has also 
shown similar phenomena to have happened in the vol¬ 
canic region of Auvergne. In these cases the action of 
the river has probably been excited by the flowing of a 
current of lava across its course, so as to dam up the wa¬ 
ters, and give them something of the force of a cataract. 

The waterfalls and cataracts upon the line of a stream 
afford some curious points of study. It is especially in 
these cases that the increase of excavating power, derived 
by a river from the solid matter which it transports, is 
most sensible. 

A cataract is formed upon the River Eden, in West¬ 
moreland, near Kirkby Stephen, by some remarkable 
beds of calcareous red sandstone conglomerate, and the 
pebbles which the river brings down, here contribute 
with the whirlings of the water to excavate many deep 
perpendicular pits, similar on a small scale to swallow 
holes on the mountain limestone ranges, or those ro¬ 
mantic cavities on the Caldew in Cumberland. Below 
many waterfalls in Wales and Scotland, the same effect 
is produced. 

But the most characteristic effect of a cascade, is that 
ceaseless undermining of its base and sides, and conse¬ 
quent rupture of the spout or edge of the fall.which 
causes by slow degrees the cascade to retire further and 
further up the mountain side, and produces those awful 
and still deepening portals of impending rocks, which so 
much aggrandize the sublimity of a noble waterforce. 

This effect may be excellently observed in the carbo¬ 
niferous limestone district of the North of England, 
where so many beautiful streams leap from the beds of 
limestone over perishing shales and sandstones, and 
rising in foam sap and undermine the base of a large 
semicircular cliff, till at length the solid limestone 
crown gives way, and the insatiable river renews its 
destroying attacks. The same thing is seen in many of 
the Swiss waterfalls, particularly in the manifold falls of 
the Gicssbach. 

Mr. Lyell very ingeniously applies the acknowledged 
fact of the remission of the Falls of Niagara, which ap¬ 
pear to have been pushed back several miles, at the 
rate of 40 or 50 yards in 50 years, to the possible dis¬ 
charge hereafter, through the St. Lawrence, of the waters 
of Luke Erie. Such a discharge would, of course, occa¬ 
sion a local deluge ; but the lake is so rapidly tilled up by 
sediment, that it is a question whether it will not be¬ 
come dry ground, before the falls ofNiagara shall have 
been pushed back so far ns to be capable of emptying it. 
The fall of the Rhine at SclrafFhausen is a grand exhi¬ 
bition of the erosive power of water, particularly the 
wearing of the base of the two island pinnacles of 
limestone, which now stand proudly in the midst of the 
currents, but will eventually be hurled down the thun¬ 
dering cataracts. 

In considering now the transporting action of streams, 
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we may distinguish between such as flow through val- ecology, 
leya of uniform declivity without lakes, and such as (;h **• 
pass through broad receptacles of water, before arriving 
ut the sen. As examples of the former, we may take 
many rivers of England ; for the latter case, several IrVremu 
rivers o( England, Wales, and Scotland might be named, ‘ ‘ 

but much grander phenomena of the kind are wit¬ 
nessed uniting the streams which flow down from the 
snow-crested Alps. 

A certain velocity of current is requisite for the trails- 
port of every kind of earthy matter, the liner the mutter without 
the less force will move it along, ilcuce in the lower 
parts of rivers, where thoircourse relents, us they npproneh 
the sen, though they can no longer, ns in their youth¬ 
ful energy, remove rocks and transpost loads of sedi¬ 
ment, their waters arc muddy, and their channels ami 
sides receive continual augmentation. Such a river us 
the Yorkshire Ouse is very instructive. As its branches 
descend from Shuuuor Fell, Fain Fell, and Whern- 
side, they transport daily and hourly from those elevated 
sites the materials accumulated by atmospheric changes 
and mechanical attrition, the soil, the stones, the loosened 
rocks, grain by grain, and piece by piece, move onward 
with the current, ami thus the whole mountain region, 
by a slow yet not imperceptible progress, is lowered in 
height, and its wasted spoils swept away for ever. But 
let us follow this process. Wherever the valley ori¬ 
ginally presented great inequalities, these arc constantly 
diminishing by the uplillingof the hollows, anil at length 
the originally rugged chasm is c hanged by additions and 
vpfilliug* into the smooth, evenly declining hollow, 
which, because of that smoothness mid uniform declina¬ 
tion, is supposed by iiiuny to be entirely a valley of denu¬ 
dation. In this process, the lateral action of rains and 
inundations from the sides of the valley, is a very im¬ 
portant auxiliary. Any one who contemplates the valleys 
of the Jura, near Sclmfthausen, aiul sees them in many 
cases rugged on the sides, and evidently traced by nature 
in a fit of convulsion, must be struck by the smooth, 
even, equally declining plane of their bottom, which cuts 
the rude precipices of the sides, and clearly indicates a 
subsequent powerful modification of theorigiual harshness 
of the chusin. Still more abundant is the deposit of sedi¬ 
ment as the stream glides into lower ground. There, above 
its narrow channel, rise the broad meads which, with 
every fresh inundation, receive a new coat of sediment, 
and above these swell the real boundaries of the valley, 
often consisting of water-worn materials, gravel and sand, 
left there by ancient floods of greuter power, flowing at 
a higher level. As we approach the sen, when the tidal 
currents meet the freshes, the suspension of motion per¬ 
mits a great part of what sediment still remains to dis¬ 
colour the water to drop on the bed of the river, and its 
uiluvial banks. Thus the streams become choked, their 
channels sinuous, their beds elevated, and the banks 
which confine the river, heightened both by Nature and 
Art, look like the ramparts and terraces of a lofty military 
road rather than the boundaries of a river giving passage 
to the drainage of the neighbouring country. 

The same process at the mouths of rivers pushes their 
channel and their bunks outwards into a cape or head¬ 
land, and contributes to extend the whole breadth of the 
bordering cousl, so that by the waste of the uplands the 
low land is filled up, the river-channels ore raised, the 
coast is extended into the sea, and the sea filled with 
shoals and saud-banks. Thus the mouths of the I’o, 
the Rhine, the Nile, the Euphrates, the Ganges, and the 
4 a 
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CkoWy. Mississippi, have formed for themselves those broad 
Ch. It. deltas which, within the Historic era, have transformed 
ftnc ient ports into inland towns, and carried fertile pas¬ 
tures into the area of the sea. 

The substances transported by the stream, and depo¬ 
sited along its sides, are of course such as the hills 
around its sources, and above its channel, furnish; and ac¬ 
cording to the nature of the country, the almost incessant 
accumulations of earthy matter which thus take place, 
may lie varied by interposed layers of vegetable reliquiae. 
In tropical and warm regions, and in uuinclosed Coun¬ 
tries, this must be the case to a far greater extent than 
an acquaintance with European rivers would lead us to 
expect. The mighty forests of America, untouched by 
human industry, must annually furnish to the great 
rivers which intersect them, an immense spoil of trees, 
which being easily supported by the current, will be car¬ 
ried even to the sea, and either deposited at tile river 
mouth, nr drifted away on the waves. 

,A i r.mKr- The arrangement ofthe materials brought down by the 

>“>•'>* uf ins- streams is in general regulated by a tendency to the pro- 
t,'rials. duction of a level surface, and thus the original inequa¬ 
lities of a valley are coutiuuallylessened. In a high region 
like the Alps, the rough streams leave in the higher level 
chiclly a collection of pebbles and sand, and they are left in 
much local confusion; but still the general effect is a uni¬ 
formly declining plane, through which the capricious 
stream finds itself new channels, and thus continually 
shifts its deposits over the whole, broad, pebbly surface. 
Such effects may be well seen on the line of the Arve, as 
H hurries down from the glaciers of Savoy. On the con¬ 
trary, in the lower and more level expansions of a valley, 
where the gentler waters transport only fine sediment 
and vegetable reliquicc, these materials are arranged in 
most exact parallelism over a large extent of plane sur¬ 
face, nml by counting the lamints of deposition, some 
useful notion may be formed of tile period occupied in 
the process. On the borders of streams which are pe¬ 
riodically swollen by rain, ns in the Tropical regions, or 
by the melting of snows, ns in those which descend from 
high mountain countries, this mode of computation of 
the lamiiue may even be trusted so far as to determine 
the number of years employed in producing a given 
depth of deposit; and even in districts where the rivers 
swell irregularly at uncertain intervals, there might be 
au average rule for the same purpose deduced. Nor 
would tin* accumulation of a short period of time, 
tried by this test, appear inconsiderable. In a single 
season, the rivers of Yorkshire, aided by the sea.deposit 
many inches of rich soil upon the level peat-moors 
which adjoin their estuary; and at Ferrybridge, at the 
point where the tide, formerly flowing up the river, neu¬ 
tralized the freshes of that river, many of the modern 
works of man, ns oars of a boat, a coin of England, 
were found buried under the alluvial sediment, which 
contained petrified hazel-branches and nuts, bones of 
the stag, &c. 

From what has been said of the action of rivers, it is 
evident that their effects upon the physical features of a 
country are more varied and interesting than hu been 
generally perceived by those who have written on the 
much controverted question of the origin of valleys. The 
tendency of all descending streams of water is the same, 
to equalize, the surface of the earth, to remove all its 
ridges and asperities, and to smooth all its gulfs and 
fissures. 

The degree iu which they respectively perforin this 


depends first on the amount of atmospheric and local itactaw. 
influences in wasting the surface of the higher ground, Ch. fl. 
and bringing materials for the rivers to act upon. 

Hence the rapid waste of high Alpine tracts exposed to 
fluctuating heat and cold, to storms, avalanches, and 
glaciers. Hence the streams of sand and pebbles which 
rush from the gritstone hills of England, and, on the 
contrary, the almost unsullied purity of the springs 
which break from the carboniferous limestone. 

The second circumstance which determines the modi¬ 
fying power of tile river is its own volume and velocity, 
and these are principally dependent on the physical 
geography of the region. The datum of the volume of 
water flowing in any valley is principally useful for 
comparison with the amount of effects; the kind of effect 
produced is determined by the velocity of the current. 

If we conceive that in its first fury a river may have 
power enough to sweep along even large blocks of stone, 
hut that its velocity gradually diminishes, there will be 
a certain point, where these large blocks will lie left by 
the enfeebled current, pebbles will roll further, coarse 
sand will travel beyond, ami the finer sediment will be 
moved on till the languid waters permit their slow and 
equal deposition. This gradation of deposits is always 
observed in examining valteys of sufficient length and 
elevations. The deposits in the upper parts ore tumul¬ 
tuous and confused, iu the lower regions level and 
regular. 

A third circumstance, of still more importance than 
the others, serves to regulate the action of the river. 

This is the form, and character of the valley itself. 

However produced, there can be no question that the 
present aspect of almost every valley in the World, is 
smoother and more equalized than it was formerly, 
since wc see evidently and take as a principle, thai the 
characteristic effect of modern causes in action is to 
reduce continually the inequality which remains. W.e 
may, therefore, easily, for each valley, restore in imagi¬ 
nation its ancient condition, remove the sediment from 
its expanded meadows, and leave, instead of level or 
gently sloping planes that wind smoothly round the 
hills, and ascend far up toward the sources of the stream, 
deep chasms between cliffs rent asunder by convulsion, 
and ridges of rock confusedly crossing the gulfs of the 
strata. That such has been the origin of many valleys 
is perfectly evident. That these may have been partly 
cleared, and others wholly occasioned by violent floods, 
sweeping over and deuudntiug the land during its ele¬ 
vation from the sea, or by some violent catastrophe at a 
subsequent period, is also very probable, or rather may 
lie considered os proved. But without entering on 
these questions, we may content ourselves with the 
datum that the fundamental features of valleys are not 
the result of the excavating action of their streams, but 
that valleys have been in part filled np by the accumula¬ 
tions brought by their own rivers, and that their present 
smoothness and uniformity is really the result of the 
modifying powers of the atmosphere, local influences and 
the river, exerted through long time upon a ruder chan¬ 
nel, left by more violent and transitory agents. 

Let us now see what peculiarities in the effects of Hirers with 
rivers are occasioned by the circumstance of their tra- lake*, 
versing quiet lakes. Two things are here to be attended 
to. First, the lake causes, according to its extent, a 
more complete deposition of the sediment brought by 
the rivers than is occasioned by the most level dry 
area of a valley; secondly, the materials dropped in 
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the kike are regulated by somewhat different laws from 
those which direct their accumulation on the common 
surface. 

When a river charged with sediment expands into the 
waters of a lake, its motion, communicated to that large 
area in directions radiating from the place of entry, 
relents, and is almost lost, and the sediment which it 
brought is gradually and, at last, wholly deposited in 
the lake, whose transparency it disturbs, and the puri¬ 
fied stream issues from the lower extremity without a 
single taint of its stormy origin, unless it be the colour 
of the mountain-peat, or some other substance held in 
chemical solution. Like the lake from which it escapes, 
or the ocean far from shore, it generally assumes the 
purest ethereal hne, its native tint of green or blue, but' 
soon in its onward course it again becomes turbid with 
sediment. Every lake in Swisserland exhibits these 
pleasing effects upon the rivers, which commonly enter 
in turbid violence, and issue of a lovely transparent 
green, but the Rhone is pre-eminently blue. These 
lakes arc filling and contracting at their upper ends 
with, the sediment which they filter from the rivers, and 
the process, though historically slow, is monumentally 
impressive, since we perceive large tracts of level mea¬ 
dows cultivated, covered with trees, and adorned by 
ancient and modern towns, where formerly flowed the 
deep waters of the luke. 

All this new land was formed from the spoils and 
waste of the upper Countries drained by the river, and it 
is an exact measure of the whole effect of the atmo¬ 
spheric and local influences in weathering the face of the 
hills, and of the rivers iu transporting away the materials 
thus prepared for them from the earliest period when 
the streams began to flow down the actual valley. 

The second thing to lie attended to in considering the 
iTient of ina- effects of lakes on the line of rivers, is the arrangement 
tciiiils. D f t j, e materials which they receive. This is a subject 
in which Mr. Yates’s observations {Edinburgh Journal, 
1831) will be found useful. It is known to practical 
men that loose earth will remain at rest if it be placed 
at an angle, not exceeding 45° with the horizon, and 
when loose, earthy materials are poured from a height, 
they usuuUy arrange themselves in a conical heap, 
whose sides make nearly this angle with the horizon. 
On the slopes of mountains liable to avalanches or rapid 
waste, the loose debris is usually found in a plane de¬ 
clining at about this angle. When streams fulling over 
an edge, pour with their waters a quantity of earthy 
mailer, the conical heap so produced is very much more 
obtuse then when the materials fall dry, aud the larger 
the proportion of water that comes down, and the more 
forcibly it descends, the flatter is the slope of the cone. 
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the surface left upon the sediment toward the land 
nearly level. 

But the earthy mutter Wing unable to support itself 
at more than a certain angle of elevation, the lower part 
of the curve will become less steep, and lie reduced to a 
straight line. Mr. Yates's observations on the Swiss 
lakes led him to assign to the sediment felt therein uu 
outline of this kind. 

It is obvious that in these cases the sloping layers 
nearest the entrance of the stream are of older date 
than those further advanced into the lake, it is an 
interesting subject of inquiry to learn whether, as is 
most probable, the particles of the sediment which dilfer 
in bulk and specific gravity, are arranged according to 
those qualities so as to constitute horizouUd strata, 
of finer und coarser matter, &c .; and whether, this being 
the case, the sloping lines of deposition, &c. are visible or 
obliterated in the section. In this manner the upper ends 
of lakes are filled with the deposits from the riversulmost to 
the surface, and the dams of the lower ends of the lakes 
being worn away by the incessant notion of the stream, 
these deposits become visible above the wutcr, and con¬ 
stitute those smoothly declining, often moist suiliiees, 
which usually confine within '.heir indefinite border the 
shallow and weedy waters destined in their turn to 
retreat from the desiccated land. While this process 
proceeds uear the shore with the courser particles, it is 
obvious that the finer sediment will be carried further 
into the lake, aud be spread more widely over its 
general bed. 

These remarks apply only to deep lukes, whose wuters 
rest tranquilly on their beds, and are only ugiluted at 
the surface. In shallow lukes, which are agitated to 
the bottom, the materials must necessarily be distributed 
in planes very nearly horizontal, in consequence of tile 
impressions from the fluctuations of the surface. This 
is matter of daily observation. 

Before we dismiss the subject of lukes, it will be pro- Lacustrine 
per to take notice of unolher process tending also to fill Deposits, 
them with new deposits. Many streams which enter 
lakes carry along, dissolved in their waters, a quantity 
of carbonate of lime, which may afterwards, by the 
loss of carbonic acid from the water, fall in calcareous 
sediment, and constitute beds of marl, or by the slow 
absorption of mollusca be converted to shells. In the 
latter case, beds of limnrete, paludinas, die. are formed, 
and as generally the light argillaceous sediment entering 
such lakes is pretty equuily diffused through the waters, 
the result is a bed of marly clay full of fresh-water 
shells. This process is daily going on, and in the course 
of a few years canals and river courses, as well as ditches 
and ponds, sue choked by the ubundant accumulation. 


This will easily be understood upon the principle that 
by partial suspension in water each particle is influenced 
by the tendency of that fluid to become level. 

It is easy to understand from this that the form in 
which coarse sediment will be deposited by rivers enter¬ 
ing a take, must be in a very obtuse cone radiating 
round the point of entrance. As the heap of sediment 
is advanced into the lake by continual additions, its 
outline remains circular, with a larger radius, and 
Us section will be nearly level toward the land, but 
sloping more and more rapidly toward the interior of 
the lake. Were the particles to be arranged in obe¬ 
dience to the double forces of horizontal movement 
with the river, and of perpendicular descent from gravi¬ 
tation, the curve of the edge would be parabolic, and 


In this manner, nided by occasional inundations, bring¬ 
ing layers of vegetable matter, or the detritus of the 
neighbouring country, have many old lakes become 
entirely filled up, and when cut open for any purpose, 
present layers of peat, clay, shell, marl, and sand, a faith¬ 
ful image, on a smell scale, of those great fresh-water 
deposits which mark the force and extent of ancient 
currents on the surface of the Earth. 

The delivery of the sediment of river* into quiet, lfella*. 
tideless, land-locked seas is almost perfectly analogous 
to what happens in a large lake, but according to varia¬ 
tion of circumstances, a* the river flows into the open 
ocean, und contends with strong tides and sweeping 
current*, or disembogues itself into a gulf, entem deep 
or shultow water, the disposition of its sediment is dil- 
4 z 2 
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Otology, ferent. The most remarkable deltas at the mouths of 
Ch. ft. rivers arc formed round such as empty themselves into 
tideless sens, as the Mediterranean, Black Sea, Caspian, 
Baltic, Ac., or into comparatively quiet bays of the 
ocean, ns the Hay of Bengal, the Gulf of Mexico; and 
the least effects of this nature are occasioned on coasts 
which urc subject to be raked by laterul currents of the 
sea. 

Most of the great rivers which enter the Mediterra¬ 
nean are daily increasing their deposits along the coasts, 
and spreading a quantity of sediment over the general 
bed of the sea. The Mediterranean has heen proved by 
a line of soundings on the Skerki shoal from the African 
to the Sicilian const, varying unequally from 7 to 91 
fathoms, to be divided into two basins. In the Western 
portion, near Gibraltar, the bottom, consisting of sand 
and shells, has l>ecn reached at 5880 feet, and in the 
Straits at 4:200 feet. Almost under the shore at 
Nice the depth is 2000 feet; but in the Adriatic, where 
it receives the sediment of the Po and other rivers, in 
the upper part, the greatest depth is 22 fathoms. Yet 
from the abrupt borders of the. hill ground within the 
area of the sedimentary land, it is inferred that the 
Adriatic must formerly have been a deep gulf. 

Nature id Further from the influence of the rivers the depth 
the ili.|M>sit» increases considerably. Donati, on dredging the bottom 
in gull!,, i s- 0 f the shallow portion of the Adriatic, found it to con- 
tiiHru a, \c. s - Ist j mrl jy (l f m ,„| ( uu d partly of calcareous rock, en¬ 
closing shells, which arc sometimes grouped in families. 
(Lyell, 237.) The form of these sedimentary deposits 
must be what in common language is called horizontal, 
the substance of them fine clay and calcareous matter 
with shells, and as the ratio of accumulation is nearly 
uniform, there will lie little appearance of strata, unless 
the calcareous deposits be accomplished at intervals. If 
by any effort of subterranean forces this bed of the 
Adriatic should hereafter be elevated, and made dry 
land, us so many other extensive tracts along the borders 
of the Mediterranean have been, we should have an 
argillaceous deposit extremely similar to the London 
clay, and perhaps identical with the subapeuuine marls, 
except by some difference of organic remains, and of 
such an extent ns would appear incredible to those who 
believe in the almost quiet slumber in modern times of 
the mechanical and chemical forces which belong to our 
Globe. The same conclusions might be derived from 
an examination of the mouths of the Rhone, Volga, 
Danube, Ganges, Euphrates, &c. which enter the sea 
under the same favourable circumstances, and transport 
enormous quantities of fine sediment into comparatively 
tranquil and now shallow waters. A river like the Missis¬ 
sippi, which hurries an enormous volume of deep waters, 
and preserves its velocity to the edge of the sea, dis¬ 
charges likewise a prodigious quantity of matter, which 
settles round its many mouths into a vast and growing 
delta. But the kind of matter hern deposited, and the 
' mode of its arrangement will be different. Forests matted 

together by the growth of Ages, with all their founda¬ 
tions, their alligators, and other inhabitants, are swept 
down by this mighty stream, and either retarded for a 
time among its winding and variable channels, or hurried 
into the sea, and there, with quantities of similar mat¬ 
ter, agitated, and partially or completely separated into 
beds of earthy and vegetable matter, the latter vary¬ 
ing according to the prevalence of the many rivers which 
unite in the great stream, and thu9 the Gulf of Mexico 
is now filling with deposits, which in no feeble degree 


emulate our old carboniferous strata. We are informed GeoWyi, 
by Mr. Lyell, whose volumes are full of valuable infer- ®h. ft. 
nmtion on all subjects connected with the modern opera- 
tions of natural agencies, that a great part of the new 
deposit at the mouth of the Rhone consists of calcareous 
and arenaceo-calcareous rock, containing broken shells 
of existing species; and Captain Smyth ascertained 
that over the broad, very gently inclined bed of this 
growing deltu, marine shells were occasionally drilled 
by a South-West wind. In this way alternations of 
fresh-water and marine shells may be occasioned, in 
which the marine portions will predominate towards the 
sea and the fresh-water part be most decided toward the 
land. 

The shorter and more rapid the course of a river, the 
larger and coarser is the sediment which it may be able 
to transport. While the Po, relenting in its velocity, 
leaves its gravel where it joins the Trebia, West of Pia¬ 
cenza, 130 miles from the sea; and the Ganges 180 
miles above the commencement of its delta, and 400 
miles above the present line of coast; the rough bed of 
the Yorkshire Tees is pebbly quite down to the sea; and 
the streams which descend by a short and furious course 
from the Maritime Alps bear down pebbles into the 
Mediterranean. 

From these instructive examples of pebbly, sandy, 
argillaceous, and calcareous strata, forming at the same 
era, in different basins of the sea, and even in different 
parts of the same basin, enveloping entirely marine, 
entirely fresh-water, or a mixture of marine and fresh¬ 
water deposits, we muy turn with advantage and plea¬ 
sure to the contemplation of the older strata of conglo¬ 
merate, sandstone, clay, marl, and limestone, and by 
carefully noting the points of agreement and circum¬ 
stances of difference, may frame very satisfactory notions 
of the'eonditions under which they were deposited re¬ 
spectively. Especially wc may be guided in our decision 
concerning the extent and connection or separation of 
the several basins of the ancient Ocean, and the relative 
influence of ancient and modern rivers. 

Rivers which discharge themselves into the sea, where Bars nt tli* 
tides and currents contend with the freshes, may, as the mouths of 
Rhine, be enabled for u certain time to deposit their r ‘ m "' 
sediment in a Delta, and to increase this even to a vast 
degree, in consequence of their entering nt a deep emar- 
ginalion of the coast, or amidst shallow sands which 
impede the action of the tide. But in such a case, the 
accretion of land must gradually diminish, and at length 
the movements of the sea tnust balance the current of the 
river. In this case a line of sand-banks will be formed 
varying in position according to the alternate predomi¬ 
nance of the contending forces, and the entrance of the 
river will have a bar. The Rhine, the Thames, and all 
the Eastern rivers of England are nearly in the same 
case. The sea, indeed, has again reclaimed from the 
Rhine, by most destructive floods, the large spaces of 
the Zuyder Zee and the Bies Boos. 

Thus also the growth of the Nilotic Delta, once so 
rapid, is greatly retarded or almost annihilated by a 
current of the Mediterranean ; and the rivers of Western 
Africa, as well as the mighty Maranon.no longer extend 
themselves into the sea, but meet its currents in furious 
strife, drop the sand at their mouths, and resign their 
fmer sediment to the disposal of the conqueror. The 
distance to which the Ocean can waft this sediment 
on its surface along with fresh water is very great. 

Captain Sabine supposes himself to have crossed the 
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Geology, discoloured waters of the Maranon 800 miles from its 
Ch - H. mouth, where it still retained its comparative levity, aud 
kept its place on the surface of the sea. 

Thus may the sediments of distant Countries be mixed 
or alternately deposited far from shore, and even iu the 
deep sea, a fact of great interest to Geology. The dis¬ 
tinctness of currents of water which flow down the same 
river channel, even with a rapid descent, has ofteu been 
noticed. Thus the Arve and the Rhone flow far with¬ 
out mixing, the Nahe takes one side of the Rhine, and 
even in the mining districts of England, the discoloured 
streams from the different valleys can often be distin¬ 
guished along considerable lengths of the united river. 

We shall not farther extend our remarks on this sub¬ 
ject than by stating a few instances of the actual 
surface of the Deltas of great rivers. The whole area 
of the dr/ Della of the Po and the Adige, and other 
rivers which contribute to the effect on the same line of 
coast, must exceed 2000 square miles, and within the 
last 2000 years a space of 100 miles in length, and from 
2 to 20 miles in breadth, has been added to the land. 
The area of the Nilotic Delta is about 12,000 miles, 
and according to Girard the surface of Upper Egypt 
lias been raised by the sediment since the Christian era 
6 feet 4 inches ; of the Rhone 1 500 square miles ; of 
the Qtiorra 25,000 square miles. (Dr. Fitton, Geology 
of Hastings.) 

The Delta of the Ganges, without reckoning that of 
the llrurumpootra, which has now become conterminous, 
is considerably more than double that of the Nile, and 
its head commences nt a distance of 220 miles in a 
direct line from the sen. The base of this magnificent 
Delta is 200 miles iu length. (Lyell.) 

The fen lands of Lincolnshire, Huntingdonshire, and 
Cambridgeshire occupy 1000 square miles, and the 
levels iu connection with the Humber 300 or 400. 

It lias been attempted to deduce the age of our conti¬ 
nents for the rate of increase of the Deltas of rivers 
within the Historic era. Thus the Nile was supposed by 
Herodotus to have formed Lower Egypt; and he slates 
that if diverted into the Red Sea, it would fill that gulf 
with its deposits iu less than 20,000, or even 10,000 
years. Since the time of Herodotus it is supposed that 
the increase on the Nilotic Delta has been upon an 
average, one mile und a quarter. The average aiiuual 
growth of the Delta of the Po, opposite Adria, which 
was otice on the edge of the Adriatic, was, from 1200 
to 1600 *. c., 25 metres, and from 1600 to 1800,70 
metres; a very rapid increase of rate, probably connected 
with the increasing shallowness of the sea. (Lyell, Prin¬ 
ciples of Geology.) 

But all inferences from observations of this nature, 
and similar ones on the shallowing und conversion to 
land of the upper ends of lakes, can lead only to merely 
speculative results without the knowledge of a datum 
very difficult to be obtained, viz. the original depth of 
the sea, at all points over which the river sediment has 
flowed; for it is not by the area of the Delta, but by 
the cubic content of the sediment transported that the 
time occupied in the process is to be ascertained. How 
is this to be determined ? 

The Sea. As the action of rivers is of two kinds, erosive and 
transporting, so is that of the sea. In one place its fury 
excavates the cliffs, and devours a whole country, in 
another every tide adds sediment to a growing shore, 
lengthens the fields, and extends the parishes, till what 
was once a broad bay becomes a fertile marsh, and the 
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town which was once a flourishing port is fur removed G«olo«y» 
from the waves, aud never visited by commerce. These l '*‘- 
different effects depend principally upon the circuit!- v— "‘V™* -1 
stances under which the earthy materials are presented 
to the waters. Cliffs exposed to the sea nre either Wusiimr «f 
slowly decomposed by its vapours, and crumble piece- ciitN, 
meal, or undermined at the base, and so caused to fall 
in ruinous heaps. Even the hardest rocks that begird 
the Ocean are more or less wasted away by its never- 
ceasing attacks,conjoined with the common atmospherical 
agents. Soft places arc scooped into caverns, joints are 
widened, and blocks loosened, and thus, by little mid 
little, every high const recedes and yields more or less 
ground to the insatiable waves. But cliffs composed 
alternately of softer and harder strata, especially if there 
beany dislocation, are quickly eaten away, and still more 
rapid destruction falls annually on the crumbling di¬ 
luvial clays and loose gravelly cliffs which margin so 
great an extent of the coast of England. The whole of 
the English coast may be cited for cases of this im¬ 
portant wasting of the cliffs, and in particular the 
diluvial cliffs of Yorkshire and Norfolk. In the former 
County it seems to be ascertained, by careful measure¬ 
ments nt many points, repented after intervals of many 
years, that the animal loss of land on the whole length of 
Holderncss, is not less than 2 yards in breadth annually. 

The average loss on the coast of Norfolk between 
Weyburn anil Theringhutn is about 1 yard per annum, 
on the coast of Thanet 2 or 3 feet. But these same 
coasts likewise exhibit, on an cquully grand scale, 
the formation of new land from the materials thus dc- Extension 
(ached from the old. The materials which full from the I' 1 
cliffs are sorted by the tide, und ueconling to their bulk 1111 * 
and weight are differently disposed of. As in many ar¬ 
tificial processes of washing powders the sediment is 
divided into parts of different fineness by merely shaking 
it at different distances or depths iu the stream of water, 
so it is iu the great currents of the sea. Large stones 
remain a long time at the foot of the cliff from which 
they fell, smaller musses yield something to the impetus 
of the waters, sand und pebbles arc drifted along the 
shore according to the set of the tide, and collected into 
bays und hollows of the coast, or deposited in a line of 
moving beach; but the finer clays are transported far 
away in the waters, and allowed to settle only where 
these rest in lurid-lockcd gulfs, stagnate over weedy 
marshes, or lose their force iu contest with the freshes. 

The breadth of the sandy beaches thus accumulated is 
often very great, even many miles of slow aud regular 
descent. The sand-banks which stretch out so fur from 
the low coasts are often regarded os remains of ancient 
lands overwhelmed by the sea, but in most cases they are 
probably recent formations, accumulated by the waves 
from the spoils of other regions. But what is thus left 
by the sea under some circumstances, may be again re¬ 
claimed by it under others. The once fertile district 
called North Friesland, most probably accumulated 
by the sea, measuring from nine to eleven geographical 
miles from North to South, and six to eight from East 
to West, was in 1240 entirely severed from the conti¬ 
nent, and in part overwhelmed. The Island of North- 
strand, thus formed, was, towards the end of the XVIth 
Century only four geographical miles in circumference, 
but still wus richly cultivated and populous. At lust, in 
1634, in one night, the 11th of October, a flood passed 
over the whole island, whereby one thousand three hun¬ 
dred houses, with many churches, were lost, fifty thou- 
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Geology. anlu i head of cattle and above six thousand men perished. 

Three small isles alone remain, und they are still further 
wasting. (Lyell.) It may often be remarked that sub¬ 
stances thrown into the sea are not carried down at 
once to its depths, but rejected many times to the shore, 
in the direction of the tidal currents. This happens 
especially with all light, small, and easily moved bodies ; 
but the case is different with the large blocks of stone, 
which, continually pressing by their weight downwards, 
are for the most part gradually withdrawn from the base 
of the cliff sunk in the beach, anti rolled down to the 
deep. 

In tins manner, when the circumstances admit of it, 
the whole coast, is in motion, every high cliff wastes 
away, the low grounds stretch out, the beach widens 
and again contracts, shills upwards and downwards, und 
travels along, and thus amidst the extremes of constant 
fluctuation and change, new deposits are continually 
added to the quiet depths of the sea, and to the lowest 
parts of the land. As far out as the fluctuations of the 
waves can influence the bottom of the sea, the new de¬ 
posits, where uninfluenced by currents, must become 
nearly horizontal; in greater depths it seems reasonable 
to suppose that the materials will be arranged nearly as 
in deep lakes; and under the cliffs, the beach being 
only at intervals exposed to the rush, of ascending and 
descending waves, must have its surface inclined at cor¬ 
responding angles. 

VVe have no accurate data on wiiich to found an 
opinion concerning the utmost depth to which the influ¬ 
ence of the superficial undulations of water may extend. 
The influence of the tidal niul other currents of the sea 
must extend to a great depth, and tend to equalize 
into nearly horizontal strata the loose materials collected 
from the waste of the land. 

f'nral These extensive deposits of sand and clay arc, however, 

islands, &c, not the whole of the productions of the sea. The Ocean 
indeed is but a large lake, and, besides the mechanical 
effects on its borders, is subject to various chemicul 
rhsngcs, and to the unceasing agency of the functions ol 
Organic Beings. Into that vast repository there flow 
annually great quantities of soluble matter of various 
kinds, and it is quite conceivable that by the interchange 
of their elements some chemical deposits may happen. 
It is also not unreasonable to admit that many exhala¬ 
tions rising from the bed of the sea may cooperate in 
* such effects. But there is one ascertained cause inces¬ 

santly in operation which probably occasions more ex¬ 
tensive and permanent precipitation of carbonate offline 
than any other process, the growth of zoophyte, shells, 
and crustacca. However small may be the quantity of 
calcareous matter suspended in water, the molluscous 
and zoophylic animals, which require such matter for 
their stony supports, are sure to possess themselves of it j 
and as corals and shells remain when their tenants dis¬ 
solve away in the water, the bed of the sea is continually 
receiving important additions from this source alone. 
Besides these, the cast shells of Crustacea, the teeth, and 
sometimes the skeletons of Ashes and cetacea, must 


contribute no mean quota to the growing stock. It is Geology. 
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in the 6ea light and the vital influence of the atmosphere 

can sustain the growth of plants and animals. VVe may, 

however, safely believe that the extreme gulfs of the 

sea are as devoid of organic life as the central solitudes 

of a sandy desert, while the borders of the one, and 

the shores of the other, teem with innumerable forms ot 

life. 

It was formerly supposed that those immense reefs of 
coral which divide the waters of the Pacific Ocean, and 
rear themselves above the waves into associated islands, 
arose from the deepest parts of the sea, in perpendicular 
walls. But many observations by Captain Beechey and 
other navigators, upon the crater form which the coral 
islands generally assume, and the volcanic rocks upon 
which they are frequently based, have produced a very 
gencrut impression that the polypean races do not exist 
except at moderate depths. Captain Beechey found the 
coral of Duties island to be forming at a depth of one 
hundred and eighty feet. 

The quantity of carbonate of lime thus produced by 
the coral animals, with the addition of shells, &c. enve¬ 
loped by them in their progress, is really enormous, and 
might almost justify those Geologists who think that our 
stratified limestones are wholly derived from commi¬ 
nuted shells and zoophytes. A great proportion of all 
the low islands in tile South Pacific Ocean is the work of 
zoophytes, and new islands are daily in progress,and sub¬ 
marine reefs of so great extent that Captain King found 
a continued line of coral reef 700 miles in length, from 
the North-East coast of Australia towards New Guinea. 

It was interrupted only by u tew intervals not exceed¬ 
ing in the whole 30 miles in length. These reefs consist 
in great part of compact limestone, and Mr. J.yell com¬ 
pares them to the ancient calcareous rocks of the basins 
of Europe and North America. 

This comparison, so just as to quantity of material, 
must not be extended to (lie structure and arrangement 
of the several masses. The rocks of carboniferous lime¬ 
stone have indeed derived a large part of their materials 
from the calcareous secretions of polypean aud mollus¬ 
cous animals; but the materials can have been put 
into their present stratified form only by the ordinary me¬ 
chanical action of wuter upon them. A modern coral 
reef might, by long movement in wuter, be ground up 
into something like a limestone bed, but the sharpness 
of the angles of the ornamented fossils of all the old cal¬ 
careous strata appears to disclaim such an origin for 
these rocks. At the same tune it is to be observed that 
the corals and other zoophylic reliqui® v which abound 
in some of our limestones, very seldom appear to be in 
their ordinary places of growth, but rather seein to have 
been subject to some drilling, 'i he corals may therefore 
in ancient times have grown in reefs, os at present, and 
this may perhaps be the reason of their irregular and 
unequal dispersion in the rocks—a fact particularly re¬ 
markable in the coralline oolite. 
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CHAPTER III. 

DESCRIPTION OF THE ROCKS PRODUCED BY IGNEOUS AGENCY. 


Geology. Introduction. 

eh. nr. j N t ^ ie p rece ,\i n g Chapter we described the series of 
aqueous deposits which contribute to form the crust of 
the Globe, commencing our account with those of the 
earliest date, and terminating it with the .consideration 
of the most modern. 

In the present Chapter a similar order cannot he ob¬ 
served, inasmuch as in the case of the igneous forma¬ 
tions which it becomes our next business to consider, 
we do not possess those criteria, derived from the order 
of superposition, and the nature of the imbedded fossils, 
by the aid of which we were enabled to determine in the 
former instance the question of relative antiquity. 

Neither, indeed, arc we entitled to take for granted in 
limine the igneous origin of all the rocks which will 
fall under our review, seeing that some of them have, 
until very recently, been attributed to causes of quite a 
different character, and that even at the present day they 
are regarded by some Geologists as of questionable 
formation. 

It will be more satisfactory, therefore, in the pre¬ 
sent Chapter, to reverse the order of arrangement 
adopted iu the preceding one ; considering in the first 
place those operations of an igneous description which 
are going on in the interior of the Earth at the present 
day, tracing the effects which have arisen from similar 
causes operating during the historical period, and thus 
gradually ascending to the consideration of such appa¬ 
rently analogous phenomena, us may seem referable to 
those same agencies, acting at a still more remote era, 
and under circumstances in some respects different. 

In this manner, we shall be best enabled to pronounce 
upon the origin of such rocks as deviate too widely 
from tlie structure and constitution of the products of 
igneous action which we see at present forming, to be 
referred at once and without examination to the same 
cause, and which, whatever may lie their exact date, are 
at least not seen to be produced by causes now in opera¬ 
tion. 

Proceeding, then, from the known to the unknown, re¬ 
ferring in the first instance all that is possible to exist¬ 
ing agencies, and preferring to explain the remainder, 
by assuming a greater intensity of the same forces, 
rather than the influence of others of a different kind, 
we shall consider it our primary object to treat of volcanos 
at present, in action ; these being confessedly the most 
powerful and widely diffused of the igneous agents 
which are at work. 

We shall therefore inquire, what phenomena, observed 
to take place under present circumstances, may reason¬ 
ably be attributed to such a cause; and if it should ap¬ 
pear, that all the changes of any importance going on 
on the Earth’s surface which remain to be discussed, 
may without difficulty be referred to its agency, our 
task will then be greatly simplified, inasmuch as it will 
be limited to the consideration, in the first place, of exist¬ 
ing volcanos and their consequences, and secondly of those 
which are extinct; after which we shall proceed to inquire 
into the nature of those granitic rocks and of others, 
which have protruded themselves, at different, though 


always at epochs antecedent to the present, through the 
aqueous deposits which compose the crust of the Globe. 


PART I. 


ON ROCKS PRODUCED BY IGNEOUS OPFRVriONS 
OF A SIMILAR NATURE TO THOSE NOW 
TAKING PLACE. 


Section I. 

Description of Volcanic Phenomena in different Parts of 
the World. 

General Notion of Volcanic Action. 

1 f we contemplate a volcano whilst in n state of v igortuis 
action, tiie phenomena presented to us are at once so 
peculiar and so impressive, that it would seem unneces¬ 
sary to be nt the trouble of defining that, which the 
commonest observer cuuhl hurdly fail to recognise again, 
in whatever part of the Globe it might fall under his ob¬ 
servation. 

The evolution of smoke and ignited matter from an 
orifice in the Earth, generally situated on the summit or 
flanks of a conicul mountain, (he ejection of fragments 
and scoria:, bearing a near resemblance in their condi¬ 
tion and aspect to the slag of an iron fouudery, the. sudden 
and copious extrication of clastic fluids, with their natural 
concomitants, noise and u concussion of the rocks til rough 
which they force their way, ore circumstances which 
strikingly impress upon the imagination the paroxysms 
of volcanic action, and appear to distinguish this from 
all the other operations of Nature. 

Accordingly from the earliest periods the existence of 
volcanos hud excited attention, and their leading phe¬ 
nomena were pretty correctly described. They have 
supplied a groundwork for the superstitions of the vul¬ 
gar, and for the speculations of the philosopher, and 
much of our present knowledge with regard to the cha¬ 
racter, extent, and date of" their operations, may be col¬ 
lected from the incidental nofiecs of them, transmitted 
to us by the Historians, and even by the Poets of an¬ 
tiquity. 

Never!heless, when we examine the subject more 
attentively, difficulties occur with respect to the real 
relation borne by them to several of tiiose phenomena, 
which from some obvious feature of similarity have been 
regarded as their offspring. 

If, in conformity to the vulgar idea, all burning moun¬ 
tains are ranked amongst volcanos, wc admit into the 
same class a variety of incongruous appearances, which 
possess indeed no one character in common, except that 
of being accompanied, with what seems at least to be 
an emission of flame, and which arc therefore assignable 
in all probability to causes of many different kinds. If, 
on the contrary, none, but Buch as present this obvious 
resemblance to existing volcanos, are to be included in 
our definition, we lose the advantage of considering a 
series of effects, evidently allied to the subject before us, 
and perhaps equally illustrative of its real nature. 

How different, for example, are the eruptions of Vent- 
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vius and Etna, in kind as well as in degree., from the 
emanations of gas and aqueous vapour, which proceed 
at times from the sulphureous soil at Macaluba in Sicily, 
from the foot of the Apennines near Modena, and still 
more remarkably, it is said, in Crim Tartary, and in 
the neighbourhood of the Caspian ; or from the emissions 
of gas now observed at Pietra Mala, between Bologna 
and Florence, and the spontaneous fire (as it was be¬ 
lieved to be) which in nncient times added to I he super¬ 
stitious reverence entertained fur the sacred peaks of 
Parnassus. 

On the other hand, if we consider the character of the 
phenomena exhibited, how intimate is the connection be¬ 
tween the eruptions of Vesuvius and the earthquakes or 
hot springs in its vicinity; and, looking only to the 
nature and constitution of the mineral products, how 
impossible is it to draw a line between those which have 
evidently resulted from its eruptions in modern times, 
and many rocks in the contiguous country, where nothing 
of a volcanic nuturc has as yet been noticed as occur- 


Phenomena attnbutable to Volcanic Action. 

Si- 

In order, therefore, to establish a sufficiently broad 
basis on which to ground any general conclusions with 
regard to the agency of this cause throughout Nature, it 
seems necessary to settle in the first place, what pheno¬ 
mena, independently of those more palpable ones which 
first occur to the imagination, arc to be regarded as 
indicative of volcanic action, exerted under the same 
circumstances as ut present, though, possibly, at a very 
remote period. 

It is clear, that the date of the eruption, which gave 
rise to these etfects, will be immaterial to our present 
purpose, provided we possess an equal certainty as to 
its reality : and we shall be entitled to avail ourselves of 
the evidence to be derived from extinct os well as exist¬ 
ing volcanos, just as the traveller, who should endea¬ 
vour to collect proofs of the existence of iron founderies 
in an unknown country, might be ut liberty to infer 
their presence, not only in places where they were at 
tiic time established, but also wherever such accumula¬ 
tions of slag and scoria: were found, as could only have 
arisen from the same formerly in operation. 

Phenomena admitted to be Volcanic. 

'■ Now the circumstances, which may be held sufficient 
to substantiate the existence of volcanic 0 ]>eraUons, of 
a description similar to those now proceeding, arc de¬ 
rived from three sources: 

l. Indications of internal commotion; manifested in 
the ejection of heated stones and scoria:, the emission of 
lava currents, and the evolution of aqueous vapour, to¬ 
gether with certain gases hereafter to be described. 

8. The structure and appearance of the masses taken 
collectively; namely, the existence of a mountain ap¬ 
proaching to a conical form, aud composed either wholly, 
or at least superficially, of strata, possessing what is 
called a quaquflversal dip, or sloping away in all direc¬ 
tions from a common centre, where Borne vestiges .at 
least remain of a crater-shaped cavity. 

3. The condition of the individual rocks themselves; 
namely, the presence in them in b greater or less degree, 
of a vitreous aspect and cellular structure, with a corre¬ 
sponding chemical constitution, in which some of the 
combinations of silica with the alkalies and alkaline 


earths form the prevailing, or, at least, the most constant 
ingredients. 

Now we have no evidence, that either the mechanical 
or chemicut characters above described have ever re¬ 
sulted from aqueous solution, whilst both the one and 
the other are familiar to us, as the etfects, not only of 
volcanos, but also of artificial heat. 

Without, however, pretending in this stage of the 
inquiry to assert, that the constitution of the mineral 
masses above assigned is sufficient in itself to establish 
the action of heat, we may be justified in concluding, 
that where it is conjoined with the cellular structure and 
glassy aspect alluded to, it may fairly be assumed to 
owe its origin to volcanic operations. In many, indeed, 
of those of modern date, the cooling appears to have 
been too rapid, to allow of any crystalline arrangement 
of the constituents taking place; and in a still larger 
proportion, though numerous crystals of augite, horn¬ 
blende, and other minerals, may be dissemiuated, yet 
the basis of the rock cannot be identified with any 
known mineral or mixture of minerals, though appa¬ 
rently made up of augite and felspar in various propor¬ 
tions, and consequently presenting all shades of colour 
from grey to black. In these cases, the vitreous cha¬ 
racter, which more or less completely belongs to the 
rock, is sufficiently conclusive as to its origin, but the 
mineral composition can only be inferred from analogy, 
at least by common observers, who want cither the 
patience or adroitness to adopt the mechanical method 
of examination, by which M. Cordier, it is said, con¬ 
trives to separate and distinguish minerals too inti¬ 
mately blended to be recognisable by the eye or the 
lens. Indeed, the very employment of iliis method pre¬ 
supposes a certain confused crystallization, and is, by 
M. Cordier's own confession, inapplicable to many vol¬ 
canic products, which, after having undergone fusion, 
were placed under circumstances precluding any new 
arrangement of the particles from taking place. Yef, 
wherever this is not the case, or what, practically speak¬ 
ing, comes to the same thing, wherever the component 
minerals are not too much blended together to be de¬ 
terminable, we generally find, that the basis of the rock 
is of a felspathic nature, rendered porphyritic by the 
presence of crystals, either of the glossy variety of 
felspar, or of some mineral of the hornblende or pyrox- 
cnic families. 

The presence of the two latter, in sufficient quantity 
to impart their characters to the muss, stumps it as be¬ 
longing to that class of volcanic products which has been 
denominated basaltic, and distinguishes it from the 
more purely felspathic kind, in which such ingredients 
are only of scanty and partial occurrence. 

The latter class of ignigenous products, which con¬ 
sists for the most part of compact felspar, with crystals 
of glassy felspar imbedded, (owing to the harsh and 
gritty feel belonging to most of its varieties,) has been 
denominated trachyte, from the Greek word, (sp a X v *> 
rough ;) it has been observed by Von Buch and Hum¬ 
boldt to form, as it were, the basis of many existing vol¬ 
canos, and even constitutes the material of certain lavas 
apparently of modern formation. 

Amongst extinct volcanos, many entire mountains, 
and even vast tracts of country appear to be composed 
of this rock, which, whilst it passes on the one hand into 
clinkstones and phonolites similar to those occurring 
in the trap formations, graduates on the other into 
the species of volcanic products above alluded to, in 
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Ch. III. he snperadded to those of glassy felspar, which are essen- 
' tial to it. 

The second class of volcanic products, distinguished 
by the predominance of these minernls, has been deno- 
minaicd by Mr. Scropc greystone; and ns this term has 
a more English cast than the corresponding one, tc- 
pfiriiir, which M. Brongninrt had imposed upon rocks 
so constituted, it nmy be convenient to adopt it. 

The greater pnrl of modern lavas, whose constitution 
can be made out, appear to be composed of this species 
of rock, which is of course divided into a number of 
varieties, by the presence of sundry accidental ingredients, 
Midi as olivine, mica, tjlaniferous iron, and the like. In 
one or other of these classes, all volcanic rocks may 
probably be arranged which possess any discernible 
mineral structure ; and those, in which fusion and rapid 
cooling Iras obliterated all truces of this kind, may 
nevertheless be referred with some degree of probability 
to one or the other. 

Thus the pearlstones and the white pumices appear, 
from their chemical composition, as well as their ex¬ 
ternal aspect, to he derived from trachyte; the absence 
of (he materials of augite and hornblende being evinced 
from their not containing iron ; whilst the obsidians and 
the lithoid lavas generally parluke of the character of 
greystone, the proportion of oxide of iron serving to 
show (even where their mineral structure is undis- 
ccrniblc) that augite has contributed to their formation. 
The same remaik, indeed, applies to the case of basalts, 
properly so called; and the difference of structure which 
is discernible in passing from the obsidians to the true 
basalts, between which the different varieties of modern 
lavas seem to be, as it were, the connecting links, indi¬ 
cates, that they have been all derived from some com¬ 
mon matrix, which, after having undergone fusion, hud 
cooled under different circumstances. 

The only exception to this, is the larger quantity of 
alkuli present in certain obsidians than in basalts and 
lavas; a circumstance which nmy, perhaps, enable us to 
explain, how it happens that this mineral, which we are 
disposed to attribute in general to sudden cooling, shall 
nevertheless be found occasionally to constitute streams 
of considerable sire and thickness, where we might 
therefore expect lilhoidul lava to have been produced. 

The rocks above noticed may each of them exist 
under several different modifications of form and aspect; 
they may occur, either as loose, detached blocks, ejected, 
probably, in a solid, or, at least, a semi-fluid state from 
the crater, or as the constituents of a kind of tuff; 
fragments of various sizes being imbedded in-a sort of 
loose iron-clay or sand, denominated puzzolana; or, 
lastly, they may constitute a bed of lava, which once 
issued in a continuous stream from the interior of the 
volcano, whilst in a state of vehement activity. 

To give to such materials in all the above cases the 
name of lava, as some Geologists have choBen to do, is 
obviously incorrect; this term having reference, properly 
speaking, not to the particular constitution, chemical or 
mechanical, of the mass, but to the mode of its ejection 
from the volcano; and being, therefore, improperly 
applied to rocks which appear to have been projected in 
detached fragments into the air, and never to have 
formed part of a current of melted matter. 

We likewise coincide with Mr. Scrope in condemning 
the limitation of the term trachyte to felspathic rocks of 
a particular age and position, thus excluding those lavas 
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which possess corresponding mineral characters. That Geology, 
rocks agreeing altogether in mechanical structure and Ill 
aspect with the trachytes of tertiary formations are mi- v * 
common amongst the older rocks, nmy, indeed, lie true; 
but to lay down as a rule that the porphyries of one par¬ 
ticular age are alone to have tins title, is to prejudge 
the question, and to proceed on quite a wrong principle 
in framing our nomenclature. 

Division of Volcanic Product* according to their relative. 

Ages. 

Volcanic products have been distinguish,<d by some 
Geologists.according to their relative antiquity; those 
which appear to have been ejected antecedently to the 
period of the excavation of the contiguous valleys being 
denominated antediluvial, and those of subsequent ejec¬ 
tion postdiluvial. Others have objected to this distinc¬ 
tion as involving an hypothesis; since, ns we have seen, 
it is still a question of debate whether valleys of de¬ 
nudation have been produced by short periods of ge¬ 
nera! convulsion, or by the continual operation of rains 
and torrents, acting with only their present force and 
violence. Perhaps, however, the terms may still he ad¬ 
mitted by Geologists, of whatever school, with the some 
mental reservation, as that, with which many have been 
in the habit of employing the corresponding ones, of 
diluvial deposits, diluvial gravel, and the like. They 
serve to distinguish the relative antiquity of the rocks so 
classified, with greater precision than the terms of ancient 
and modem, which it has been proposed to substitute, 
since they refer to a definite standard, which leaves no 
doubt in the mind ns to the sense in which we employ 
the word antiquity in our Geological language. 

Without some such understanding, indeed, the vol¬ 
canic rocks in Auvergne might be called ancient, with 
reference to those of the Vivarais, though they are mo¬ 
dern when compared with others in their own neighbour¬ 
hood ; whilst in either point of view they must be 
regarded as postdiluvial, since their relation to the 
valleys of the country is such, as to prove, that no great 
changes have tukeu place in the configuration of the 
surface, since they were ejected. 

Even if it be true, as Mr. Scrope contends, that there 
ore lava currents in some of these volcanic districts, as 
in Auvergne, which appear to be antecedent to some of 
the valleys of the country, and posterior to others, there 
will still he nothing to preclude im from applying the 
above denomination to cnscs in which this cause of un¬ 
certainty does not exist. 

Postdiluvial Volcanic Rocks. 

Now the importance of distinguishing the relative 
ages of volcanic rocks, in the maimer ubovc promised, 
will be evident from considering, that the two classes 
commonly differ one from the other in aspect and struc¬ 
ture. The postdiluvial volcanic products having, in 
almost all the cases in which they come under our ex¬ 
amination, been ejected in the open air, uml, conse¬ 
quently, for reasons which will he afterwards explained, 
having in general cooled more rapidly, present for the 
most part d harsher fee I and more of a vitreous uspcct; 
whilst from the character of their component masses, even 
more perhaps thun from the shorter period, during which 
their surfaces huve been exposed to atmospheric action, 
they are but partially covered with soil, and admit, conse¬ 
quently of but a scanty and inferior pasturage. 
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For the same reason, they consist more commonly of 
those volcanic products, in which the constituent parts 
arc blended together so as to be (indistinguishable! 
though from their general appearance, and from the 
character of those portions in which the mineral compo¬ 
sition may be discerned, it would appear, that basaltic 
lava or greystone predominates over the purely trachy- 
tic, iu those modern volcanos with which wc are best 
acquainted. 

Anledilnvial Volcanic Rocks. 

The antediluvial volcanic rocks, on the contrary, arc 
not only characterised by valleys of precisely the same 
kind as those which intersect the contiguous country, 
but likewise, by a grpatcr tendency to crystallization iu 
their constituent ports, by a greater predominance of 
felspar, by the occurrence of masses sometimes in no 
way distinguishable from the basalts ond greenstones of 
the trap formations, and still more frequently exhibiting 
:i nearer approach to them, than is observable amongst 
the products of igneous action at the present day. 
Though frequently cellular, their cells have not that 
glazed internal surface which characterises many mo¬ 
dern lavas, and are usually more or less completely 
filled with crystals of carbonate of lime, zeolite, and 
other minerals, which are not so frequently found 
amongst postdiluvial lavas. 

What variation in the circumstances under which the 
former were ejected could have given rise to these dif¬ 
ferences, will form a subject for future inquiry; at present 
it is only necessary to point them out, as a reason for 
distinguishing volcanic rocks into two classes according 
to their relative antiquity, those ages being determined, 
either by their shaping their course in conformity to the 
present configuration of the country, or being themselves 
intersected by the so called valleys of denudation. The 
opinion which may be entertained with regard to the 
origin of such valleys, will not materially affect the ques¬ 
tion as to the propriety of availing ourselves of such a 
distinction ; since the vast difference, between the width 
and depth of the valleys which in many cases intersect 
the older volcanic rocks, and that of the ravines which 
evince the action of existing causes upon the modern, 
proves, that if the same agencies, operating with their 
present intensity, have produced the former, it can only 
have been after a lapse of ages beyond comparison 
greater. 

In Auvergne, for instance, where the most modern vol¬ 
canos appear to have been anterior to the Christian Era, 
the utmost amount of the excavation effected in them by 
present causes, is to produce a ravine or water-course, in 
some instances, indeed, as much as from fifty to seventy 
feet in depth, but still of very inconsiderable breadth ; 
whilst the ancient volcanic rocks are characterised by 
valleys possessing the easy and gradual slope of those 
which belong to the older rocks of the country, and 
like them, often many hundred feet in depth, and per¬ 
haps a mile or two in diameter. Another important 
distinction in the character of volcanic products, depends 
upon the situation of the point in the Earth’s crust on 
which the eruption breaks out, and in particular upon its 
occurrence either in the open air or under deep water. We 
hay, deep water, because in shallows no great influence 
could 1* expected to be exerted, and thcphcnomenawould 
therefore resemble those which take place in air. But, 
between the nature of products arising from the same 
volcanic action, under the pressure of only one, or 


of n thousand atmospheres, considerable difference might Geology, 
be anticipated ; and hence it becomes proper in limine. Ch. III. 
to mark the distinction designating the former class v— V"**'' 
of volcanos as subaerial, the latter as subaqueous. 

The characters of these two classes will be considered 
afterwards; but in the first place we will proceed to give 
a brief description of the principal foci of volcanic action 
distributed over the face of the Globe, conceiving, that 
by so doing, we shall enable our readers to obtain a 
better notion of the general character of the phenomena 
themselves, than could be gathered from any more ab¬ 
stract account of them. 

We shall, therefore, begin with the vicinity of Naples, 
not only as supplying us with one of the longest known, 
and best described instances of volcanic agency that 
exist, but likewise as exhibiting these phenomena under 
all their various phases of activity, contrasting the effects 
produced in earlier periods of the World with those 
going on at the present. 

Vesuvius. 

To the East of the Bay of Naples rises the most re¬ 
cent of the volcanos met with in that neighbourhood, 
and the only one at present in complete activity. 

The date of that part of the mountain properly called 
Vesuvius, or rather of its cone, perhaps does not go 
further back than the period of the famous eruption of 
*. d. 79, in which Herculaneum and Pompeii were de¬ 
stroyed ; for the ancient writers never speak of the 
mountain ns consisting of two peaks, which they 
probably would have done if the Monte Somma had 
stood, as at present, distinct from the cone of Vesuvius. 

Other facts might be also mentioned to show, that the 
old mouth of the volcano occupied the spot now known 
by the name of the Atrio del Cavallo, but that it was 
greatly more extensive than that hollow, comprehending 
likewise the space now covered by the cone, which was 
thrown up afterwards, in consequence of the renewal of 
the volcanic action that had been during so many ages 
suspended. This spacious crater was probably the spot 
in which, according to Florus and Plutarch, Spartacus 
and his Gladiators were besieged by ttie Homan Gene¬ 
ral Clodius Glaber. 

Wc infer from the account given, that the brim of the 
crater was entire, except in one part, by which the 
insurgents had entered, and which the enemy kept closely 
guarded; and the great steepness of its sides is evinced 
by the scheme which the besieged party were compelled 
to adopt in order to effect their escape; that, namely, of 
twisting' into ladders the vine twigs thpt grew upon the 
top, and descending by means of them to the bottom, 
where they surprised the Roman Camp. Nor does this 
seem inconsistent with the account given by the accurate 
Strabo respecting the structure of Vesuvius in his time; 
namely, the fertility of its sides, and the barren flat 
which constituted its summit; this flat being in all pro¬ 
bability the spot occupied by Spartacus, broken away on 
the side fronting Naples, but encompassed elsewhere by 
sleep precipices, the relics of the original brim of its 
crater. 

It appears then, both from the silence of ancient 
writers, and from the appearance presented by the 
mountain itself, that a long interval had elapsed since 
any indications of activity had been observed; and the 
first symptom of internal agitation given by the volcano 
was in the year 63 after Christ, when sn earthquake 
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Geology- occasioned considerable damage to many of the cities 
Ch ' that had been built in its vicinity. But it was not till 
the year 79, that the first eruption of Vesuvius took 
place, of which any historical records exist. It over¬ 
whelmed the cities of Stabile, Pompeii, and Hercula¬ 
neum, with showers of sand, pumice, and lapilli, and 
seems to have covered the latter to a still greater depth 
with a kind of mud eruption similar to those which are 
produced, not unfrequently, by the volcanos of South 
America. Such, at least, is the inference that has been 
drawn from the circumstance, that the former towns are 
covered only with strata of incoherent materials, little, if at 
all, affected by water, whilst the latter is buried in a kind 
of tuff', separated at intervals by btrataof white volcanic 
lapilli. The depth at which Pompeii is overspread does 
not exceed 14 feet, and that at Stabim probably is nearly 
the same ; whilst at Herculaneum the mass of tuff alone 
above the theatre is not less than 85 feet, over which, it. 
is stated, occur 12 or 14 palms of common soil, and 
this is covered again by a true lava, probably of much 
more recent date. That the tufa was at first soft, is evi¬ 
dent, from the impression of a woman’s breast, and other 
ports of tlie figure being found in this volcanic depo¬ 
sit, possessing, it is said, a sharpness, equal to that of a 
cast in Paris plaster. 

Tiie dilference between the substance which over¬ 
whelmed these cities, is evinced by the state of the 
papyri discovered in the houses, that have been since 
freed from the load of matter which had encumbered 
them. In those met with at Pompeii and Stabile, 
which are covered by a more uuccmcnlcd congeries of 
sand and stones, decomposition lias proceeded so lar, 
that their contents are illegible, and the vegetable, mat¬ 
ter, it is said, has been replaced, by a grey, pulverulent 
tuff', probably wushed into them by the ruins of many 
centuries. • 

At Herculaneum, on the contrary, though the manu¬ 
scripts may have been carbonized, probubiy by the 
wet which first penetrated into them from this aqueous 
inundation, yet any further decay has been prevented 
by the thick covering of tufa, and the writing is, there¬ 
fore, in muuy instances, found to be legible. 

No lava appears to have been ejected by this erup¬ 
tion ; but it is not improbable that a cone occupying the 
site of the present one may have been formed by it, and 
that the mountain thus exchanged the appearance which 
seems to have belonged to it at the time of Strabo, for 
one more approaching to that which it exhibits at 
present. 

Of this memorable eruption we have a lively descrip¬ 
tion in the letters of the Younger Pliny, whose unde, 
the celebrated Naturalist, fell a victim to his seal in ex¬ 
ploring its phenomena. Yet it is remarkable, that no 
notice is taken, either by this eye-witness, nor by any 
writer who lived near the lime at which the catastrophe 
happened, whose Works have come down to us, of the 
late of three such considerable towns, although the tes¬ 
timony of Dion Cassius, coupled with that of Martial, 
serve to identify their destruction with this particular 
epoch. 

The second eruption appears to have happened in the 
year 203, under the Emperor Severas, and is described 
by Dion Cassius and Gaieu; the third in 472, which is 
said by Procopius to have covered all Europe with 
ashes, and to have spread alarm even at Constantinople. 
Other eruptions are recorded in the years 612, 686, and 
993. The next, in 1036, is supposed to have been the 


first whieli was attended with an ejection of lava; in 
preceding accounts we iicar oniy of sand and lapilli 
being thrown out. 

Between that period and the commencement of the 
XVI Ith Century, the mountain apjicars to have been 
only five times in a state of action; and in 1611, the 
interior of the crater, according to the report of Urac- 
cini, was covered with shrubs, and every thing indicated 
the profouudest tranquillity. Yet in 1631 .me of the 
most terrible of its eruptions took place, which covered 
with lava the greater part of the villages ising at its 
foot, on the side of the Bay of Naples. Torrents of 
water also issued from the mountain, and completed 
the work of devastation. The volcano i, likewise said 
to huve been in activity in the years 1660, His;?, I6!)l. 
and 1698, from which time (ill the present its intvivals of 
repose have been of shorter duration, though its throes, 
perhaps, have diminished in vio'ence; for the longest 
pause since that time was from 1737 to 1751, mid no less 
than eighteen eruptions are noticed in the course of 
little more than a century, several of which continued 
with intermissions for the space of four and live wars. 
That of 1737 gave rise to a stream of lava, which passed 
through the village of Torre del Greco, and continued 
its course until arrested by the sen, at winch tunc :1s solid 
Contents were estimated at 33,587,058 cubic led. Of 
the latter eruptions, otic of the most formidable seems 
to be that of 1794, recorded by Breistac, himself an 
eye-witness of it, in his travels through Campania. The 
torrent of lnva, that proceeded from the volcano, again 
destroyed the town of Torre del Greco, mid advanced 
into the sea to a distance of no less titan 302 feet, wilii a 
front of 1127 feet. 

Tiie eruption of 1813 lias been described by Menard 
de Groye, and that of 1822 by Monlicelli and Scrope. 
According to this latter Geologist, the whole of tiie 
upper part of the mountain was on this last occasion 
blown into the air, by the violence of the explosive ibree. 

It must be confessed, thut these descriptions, how¬ 
ever interesting, leave us much ill the dark witli regard 
to the real nature oi' the phenomena; partly from the 
danger and difficulty of approaching the scene of opera¬ 
tions, near enough to examine the products at the tunc 
of their ejection, but still more, from a want of due che¬ 
mical knowledge in the observers themselves, such as 
should enable them to profit by the facts bclorc them. 

On this uccount, the remarks of Gay Liikmic and 
Sir 11. Davy, cursory as they are, exceed in scientific 
interest the more elaborate descriptions given by others; 
and if we abstain from noticing them ut present, it is 
only because the results of their inquiries will appear 
more iu place, if introduced hereafter. 


(JculilgT. 
Ch. 111. 


Phlegrean Ficldi. 

It is important, however, to observe, that since 
Vesuvius lias resumed its activity, the numerous vol- 
canic vents which exist on the other side of the Bay, 
(see pi. vL fig. 2.) have sunk into a state of compara¬ 
tive inaction; for ancient writers, who arc silent respect¬ 
ing the former, speak of the mephitic vapours of the 
Lake Avernus, os destructive to animal existence; and 
in earlier day- than these, Homer pictures to us iho 
Phlegrean Fields, as theentrance to the Infernal Regions, 
being placed at the utmost limits of the habitable world, 
unenlightened either by the rising or the setting sun, 
with groves consecrated to Proserpine, and enveloped in 
an eternal gloom. 

5x2 
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[T'fff; Solfatara. 

At present tlie only traces of activity that exist, are ob¬ 
servable in the crater called the Solfatarn, which occurs 
immediately above the little town of I'nzznoli. The 
rock of which this volcano is composed, is a hard and 
dark coloured trachyte, for the most part porphvritic, 
and containing more iron than belongs to this rock in 
general. It has given off u single stream of lava, which 
descends in the direction of the sea, terminating in an ab¬ 
rupt promontory called the Monte Olibano, and remark¬ 
able, as nil instance of a true trachytic lava, consisting of 
little else than felspar, only occasionally intermixed 
with uugite. It 1ms been conjectured that it was the 
fruit of an eruption in the year 1198, said, though on 
rather doubtful testimony, to have taken place from the 
Solfatara. 

The crater of this volcano is nearly oval, its greatest 
diameter being 2337 French feet, itssinaller I8(>0 feet; 
and the continual evolution of sulphureous vapours, which 
has gone on from the earlier records to the present time, 
has naturally produccil remarkable changes in the 
rocks surrounding it. The first stage of alteration 
seems to he a mere whitening of the mass, in conse¬ 
quence, doubtless, of the removal of the iron, to which 
its colour is attributable; in the next the rock becomes 
porous and fissile; when the process is further advanced, 
it acquires an honey-combed and spongy consistency; 
and at length it crumbles into a white powder, consist¬ 
ing almost entirely of si lex. The rocks surrounding the 
Solfiitaru have consequently that white colour, which has 
given to them, in ancient times, the name of Colics Leu- 
cogei; and the saline ingredients, with which those in the 
crater itself arc impregnated, are natural effects of the ac¬ 
tion of the sulphuretted hydrogen emitted, upon the alkali, 
the iron, and the alumina, which were itsconstituent parts. 
That a mountain so circumstanced should possess nu¬ 
merous internal cavities, is only a natural consequence 
of the continual penetration of corrosive vapours during 
the course of so many centuries; so that we may save 
ourselves the trouble of inquiring, whether the hollow 
sound, which it emits when struck, might be produced 
by any other cause, when the porous nature of the 
ground affords us so simple a solution of it. 

Monte Nuovo. 

The throwing up of a new mountain in the XVIth 
Century by volcanic agency, took place so much in the 
vicinity of the Solfatara, that it may seem to belong to 
its history. After a succession of earthquakes, and, as 
wc arc told, the bursting out of flames from the ground, 
in many places round about the Solfatara, there opened 
from the sea a gulf, from which, smoke, pumice, lapilii, 
and sand, were ejected with the noise of thunder. These 
masses fell in such abundance, that the sand was distri¬ 
buted, not only over Naples, but even to a distance of 
thirty miles from it, whilst the heavier and more bulky 
masses accumulated round the orifice to such an extent, 
Ihut in two, or at most in five days, they constituted a 
conical hill, now called the Monte Nuovo, 8000 feet in 
circumference, and 413 in perpendicular height, with an 
internal crater about a quarter of a mile round, and in 
depth nearly equal to the elevation of the mountain 
itself. 

The sand near the foot of the mountain, even under¬ 
neath the sea, possesses so high a temperature, when 


brought up from a point, a little below the surface which Geology- 
touches the water, that we are led to believe the vol- Ch. III. 
canic action to be still going on to a certain extent; an 
inference confirmed by the extreme heat of the water 
which gushes out from the rock in a cavern not far dis¬ 
tant, called the Baths of Nero, which is sufficient to 
boil an egg, and amounts, according to Mr. Forbes, 
who has given the most accurate account of it from per¬ 
sonal inspection, to 183° of Fahrenheit. 

Such are the principal indications of volcanic agency, 
that have been handed down to us by history, as oc¬ 
curring in the neighbourhood of Naples; but the 
physical structure of the country is such as leads to a 
belief, that similar phenomena must have occurred else¬ 
where, since the country acquired its present general 
configuration. 

Grotto del Cane. 

The Lake Agnano, from its circular form, and the 
nature of tiic materials surrounding it, was evidently the 
crater of a volcano, which still communicates heat to a 
spring of water on its borders, and, probably, causes 
that continual evolution of carbonic acid, which fills the 
well-known Grotto del Cane. The Lake Averuus 
seems also to be of similar origin ; and although there 
are no indications of a volcanic nature existing in it at 
present, yet the term, grareolens A or non , applied to it by 
ancient writers, and the noxious effects of its exhalations 
upon birds Chat skimmed over its surface, prove that, at 
a period not very remote, sulphuretted hydrogen was 
emitted in large quantities from its spiracles. 

The Monte Barbara and Monte Astroui are hills, 
which, from possessing a central and circular eavity on 
their summits, as well as from their figure and mineral 
constitution, are evidently derived from volcanic opera¬ 
tions, xllhougli neither of them appears to have emitted 
streams of lava. The crater of the latter mountain is 
still so perfect, ns to form a sort of natural inclosure 
nearly a mile in diameter, appropriated by the King of 
Naples, as a preserve for his wild boar and other ani¬ 
mals destined for the chase. 

Many other craters are alluded to by Geologists, ns 
occurring in the vicinity of Naples, but they do not ap¬ 
pear to be sufficiently ascertained ; and several so desig¬ 
nated are evidently mere hollows, derived from the 
action of water upon rocks, which, though of a volcanic 
origin, are of an curlier date, and of a somewhat dif¬ 
ferent formation. 

Puzzolana. 

The whole country, indeed, from the sea to the base 
of the Apennines, appears to have been covered, at u 
time when it was yet submerged under water, by an 
immense deposit of puzzolana or volcanic tuff. This 
rock is for the most part of a straw-yellow colour, dull, 
and harsh to the feel, with an earthy fracture, and a 
loose degree of consistence. It contains imbedded frag¬ 
ments of pumice, obsidian, trachyte, and many other 
varieties of compact as well as cellular lava, the softer 
kinds often rounded, the harder mostly angular. It is 
separated into beds, by intervening layers of loam, 
pumice, or ferruginous sand, and, in one instance, ac¬ 
cording to Von Buch, calc-sinter. Shells arc noticed as 
occurring in it, but they are rare, and bones of rumi¬ 
nating animals have likewise been discovered. 

The height of this tuff in many places near Naples is 
very considerable; the hill of the Camalduli, which 
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Geology. riscs 10 a " elevation of 1513 English feet above the sea, 
Ch. IU. consists of this material, and to the West of Naples it 
v—>> forms a sort of wall, so lofty and abrupt, that the former 
inhabitants of the Country apparently found it easier, 
availing themselves of the soft and friable nature of the 
stone, to cut through, than to make a road over it. 

Such is the origin of the celebrated firotto of Pausi- 
lippo, a kind of tunnel 363 toises, or 2178 feet in length, 
50 feet in height, and 18 in breadth, which serves as 
the common medium of communication between Naples 
and the towns and villages to the West, said to have 
been originally formed by the Cimmerians, the earliest 
inhabitants of the Country, who dwelt chiefly in caves 
hewn out of the soft tutf, and were, therefore, led by 
successive steps to attempt more extensive excavations. 
The Romans appear to have merely enlarged, not to 
have originated it. 

Now, though it need not be supposed, that this mass 
of tutf was originally deposited at equal depths over the 
whole surface which it covers, yet no one who examines 
the manner in which it has insinuated itself into the 
valleys, not only on the hills above Naples, as near 
Caserta, but also on the opposite side of the May, near 
Sorrento, uud observes at the same time the extreme vari¬ 
ation in its height, and the seemingly capricious manner 
in which it is distributed, can hesitate to suppose, that 
much which was originally deposited has been subse¬ 
quently removed by the action of water; and, inasmuch 
as the general features of the country do not appear to 
have materially changed since the earliest periods of 
history, we arc drawn to the alternative either ot con¬ 
cluding, that the period, at which this mass was origi¬ 
nally formed, goes back to a period beyond comparison 
more remote than that to which history reaches, in order 
to give time tor causes at present m action to work such 
great changes, or that it has been effected by; some 
more rapid agents of destruction than these at preseut 
at work. Either of these suppositions, it is clear, esta¬ 
blishes a line of demarcation between the puzzolana 
and the volcanic rocks before enumerated, which is also 
confirmed hy the indications we possess, that the latter 
was formed, whilst the greater part of the low country 
which it covers was still submerged under water. 

But if, us seems obvious, the great inass of puzzolana 
near Naples has been deposited under water, the height 
above the level of the Mediterranean, which it not uiil're- 
quently attains, indicates the existence of great relative 
changes in the level of the sea and land, attributable 
either to a rise of the one. or a sinking of the other. The 
general consideration of this question belongs to another 
portion of the Treatise, but there arc certain indications 
of a change of level in this district of so remarkable a 
nature, that it would be improper wholly to omit men¬ 
tion of them on the present occasion. 

Temple of Seraph at Puzzuoli. 

One of these relates to the appearances presented hy 
a Temple near the town of Puzzuoli, supposed to be 
dedicated to Serapis, which appears to have twice 
changed its relative position to the sea contiguous, 
having been at some period subsequent to its erection 
sunk about twenty feel below its original level, and at 
some later periud raised up again, nearly, though not alto¬ 
gether, to its former height. This inference is deduced 
from the circumstance, of the pillars which now remain 
erect, being perforated by pliolodes, at a height of about 
twelve feet from their pedestals, as if the sea had at one 


time stood nt that elevation, which, it is evident, it could Gening] 
not have done at the time the Temple was built. Stand- Civ III 
ing, as this fact appeared to do, alone, it was natural, that ■ 

various hypotheses should have been suggested, in order 
to escape from so startling a conclusion, as that of the 
local rise and subsidence alternately of the spot of 
ground on which the Temple stood; but to such it is 
unnecessary to resort, now that we are assured or re¬ 
minded of other proofs, show ing nti elevation of land 
at no remote period both on the North and South of 
Puzzuoli, of more than twenty feet, und of many similar 
subsidences to an equal extent in the same neighbour¬ 
hood. Profeusor Forbes has the merit ot first setting 
us right on this question, and his arguments have been 
extended and confirmed by Prolessor JLyell, in Ins recent 
Work, entitled Principle* of Geology It therefore ap¬ 
pears, that the effects of recent volcanic action have, 
more than once altered the relative level of the sea and 
land in this neighbourhood, and we are, therefore, 
brought more readily to ndmit the possibility, that an 
extension of the same force, operating more generally, 
may have elevated the whole mass of the puzzolana, 
from the level of the sea, to the height at which it now 
appears. 

Islands of Procida and Ischia. 

To complete this brief sketch of the phenomena in 
the neighbourhood of Nuples, we ought to allude to the 
Islands of Procida and Ischia, which belong to the 
same system of volcanos. (Sec pi. vi. tig. 2.) The 
former island seems to consist entirely of tuff, separated 
hy beds of cellular lava, which are sometimes hori¬ 
zontal, and at others curved and contorted ; but Isehiu is 
somewhat more varied 111 its composition. It is for the 
most part composed of a rock which seems to consist of 
very finely comminuted pumice, rcagglutinutcd so tvs to 
form a lull'. From the very fine state of division, 
however, into which it was reduced at the time when 
it underwent consolidation, a rock has often resulted of 
so homogeneous a texture, ns to he considered a variety 
of felspathic lava, to which, iniucralogicully speaking, 
it bears a considerable resemblance, though we ure, 
upon the whole, disposed to class it with the puzzolana of 
Naples, and the neighbouring Island of Procida. This 
formation is seen in every part of the Island, and forms 
the very summit of Monte Epomeo, which rises to a 
height of perhaps 2000 feet. In one s|miI, near the 
town of Foria, we observe intermixed with 11 huge 
blocks of trachyte, sometimes thirty feel in diameter, con¬ 
sisting of a congeries of erystols of glassy felspar, often 
without any kind of intermedium. In another, how¬ 
ever, we observe a conical hill called the Monte Tliabor, 
composed entirely of trachyte, und resting upon a bed 
of clay containing teitiary shells. 

Ischia, however, presents evidence of volcanic opera¬ 
tions of a more recent date, than can be assigned to 
those, which occasioned the formations above noticed. 

Heaps of obsidian ami pumice, substances almost un¬ 
known at Vesuvius, occur at the village ol Castiiglioin*, 
and have been traced by Spallanzani i« a crater 111 the 
neighbourhood, called Iloturo. Still further to llic East 
we cross the stream of lava, which issued Iroui the side 
of the mountain in the year 1302, us we are inhumed 
by historians, remarkable for the large crystals of glassy 
felspar which are imbedded in it. Its surface is still un- 
decom posed, and consequently barren, moss alone grow¬ 
ing upon it, und that only in a few parts; a proof of the 
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(Jeoloev. number of ages required for bringing some lavus of a 
Ch.111. vitreous auture into a state fit for cultivation. This 
s ^‘current may be readily traced up the mountain to the 
point whence it issued, which is marked by the existence 
of a crater, still named the Capo d’Arso. 

Thus Ischia appears to have been subjected to vol¬ 
canic action of as many different periods as the neigh¬ 
bourhood of Naples itself, its pumiceous conglomerate 
corresponding with the puzzolana, its trachytes with the 
rock of the Solfatara, and the lava of the Capo d'Arso 
with that of Vesuvius. 

At present, the only direct indications of volcanic 
action are seen in the high temperature of the sand on 
the shore near Monte Vico, which tcu feet below the 
surface is equal to 110° of Fahrenheit, and in the hot 
vapour which issues from the ground in various spots of 
the same neighbourhood. No eruption of lava hns taken 
place since the XVflth Century, though occasionally 
severe earthquakes are felt over the Island, more parti¬ 
cularly, it is suid, near the ancient point of emission of 
the Isciiian volcano. (Forbes.) 

We have dwelt upon the phenomena exhibited by 
this particular s)stem of volcanos, somewhat more in 
detail than may be consistent with our general plan, con¬ 
ceiving, that u better notion may be conveyed of the 
nature of such operations, by particularizing some one 
district, in which they are exemplified, than by any more 
abstract or generalized description; and certainly no one 
spot can l>e selected more illustrative, than the neigh¬ 
bourhood of Naples, as well from the variety of ap¬ 
pearances presented, as from the facility with which they 
can be examined and compared. We must now proceed 
to specity more briefly the other principal foci of volcanic 
action, that have at one time or other existed in Italy. 

Mount Vultur. 

On the Eastern side of the Italian Peninsula, in the 
Province of Basilicata, near Melfi, riseslarge isolated 
hill, called Mount Vultur, which at one time appears to 
have been a volcano of equal magnitude with that of 
Vesuvius on the opposite coast. 

It is of n conical form, from twenty to thirty miles in 
diameter at its buse, and with two cruters on its summit. 
It is studded over with sundry parasitical cones, and 
has given rise to several considerable streams of lava. 

The nature of the rocks, and the gaseous exhalations 
that abound in its neighbourhood, besjjeak the former 
prevalence of volcanic action throughout this country, 
and may lead us to regard the district, as bearing a simi¬ 
lar relation to the shores of the Adriatic, which the 
Campi Phlcgrei, as they are termed, do to those of the 
Mediterranean. 

Yet of the eruptions of this volcano, all records are 
lost in the darkness of antiquity, and we may perhaps 
refer them to that remote period, when, as has been con¬ 
jectured, the foot of Mount Vultur was washed by the 
waters of the Adriatic, which now, from an accumulation 
of alluvial matter, has receded full thirty miles from it. 

Assuming then the space comprehended between 
latitude 40° and 41°, as that portion of the Italian Pe¬ 
ninsula in which volcanic operations are most rife, we 
will, in the first place, trace the same appearances North¬ 
wards, and afterwards Southwards of this central point. 

Rocca Motifina. 

First, then, near Mola di Gseta, on the road between 
Naples and Rome, we recognise on the main land, North- 


East of the town of Sessa, extensive traces of volcanic Geology- 
operations, a considerable mountain, called Rocca Mon- ll1 ' 
fina, composed of lava and scoria*, and retaining ves- ' 
tiges of a crater, appearing to have overspread the 
whole adjoining district with volcanic materials. Some 
of these appear to have been ejected since the country 
was inhabited by man; for the remains of an ancient 
city have been discovered in digging underneath the 
town of Sessa, of which, however, as well as of the erup¬ 
tion that destroyed it, no record exists. 

Ponsa Island*. 

A few miles out at sea, to the Westward of Mola di 
Gacta, lie the Ponzu Islands, four of which appear to be 
entirely volcanic, consisting of trachyte, but are destitute 
of any crater, and without any stream of lava proceed¬ 
ing from them. They seem, therefore, rather to have 
been suddenly elevated from the bottom of the sea, than 
to have been formed by successive ejections of volcanic 
matter. 

Papal Stales. 

A low tract called the Pontine Marshes, divides these 
volcanos from the series of rocks near Albano, which in 
their structure and figure appear to have the same origin. 

Near Albano are no less than four lakes, which seem 
to have been formerly craters. 

The immediate vicinity of Rome, commonly denomi¬ 
nated the Cainpagna, is composed of materials, which, 
though ofu volcanic nature, appear to have been heaped 
together under water. 

They consist of loose masses of lavn or scoria*, feebly 
agglutinated by fine volcanic sand, and alternating with 
arenaceous or calcareous beds, containing fresh-water 
shells, which seem therefore to have been deposited at 
the bottom of u lake. Hence although certain ob¬ 
scure notices of volcanic phenomena that occur in (lie 
history of ancient Rome, may lead us to infer, that the 
forces hnd not altogether spent themselves at the time 
the country began to be inhabited, yet it seems probable, 
that the eruptions occurred principally at a more remote 
period, when theCampagna was covered with water, and 
the higher parts of the country alone constituted dry land. 

Evident truces of volcanic operations of an early 
period occur near Viterbo, and extend Northwards to 
Radicofani, but we have no records of their date, and but 
imperfect accounts of their effects. 

North of Italy. 

Indications of the same nature exist probably further 
North in the neighbourhood of Volterra, where occur 
pools of water called Laguncs, rendered boiling by the 
passage through them of sulphuretted hydrogen, which 
carries with it a little boracic acid. 

But less equivocal proofs of volcanic agency are found 
near the foot of the Apennines in the neighbourhood 
of Verona, Vicenza, and Padua. 

Extensive beds of volcanic tuff there occur, alternat¬ 
ing with deposits charged with shells belonging to the 
newer tertiary period, with which is connected a group 
of trachytic rocks, constituting the Euganean Hills, 
which have burst through chalk. Every thing concurs 
to prove, that the whole or the greater part of these rocks 
were formed during the tertiary period, and consequently 
that they belong to the more ancient or antedilnviau 
class of volcanos. 

Having enumerated the principal foci of volcanic ac¬ 
tion North of Naples, we must retrace our steps, and 
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examine what indications of the kind are to be discovered 
to the South. 

In Calabria, harassed as it has been by earthquakes, 
no genuine traces of volcanic agency have been disco¬ 
vered, but in the sea to the West of it occurs the group 
of the Lipuri Islands, which are derived exclusively from 
this cause. 

Lipari Islands. 

These, however, all hough built up by the action of pre¬ 
existing volcanos, appear at present in a great degree 
exempt from their influence; the only remaining indi¬ 
cations of the kind being those presented, by certain liot 
springs, which in this case we cannot hesitate to refer to 
such a cause, by fFSolfutara in one of the smaller Islands, 
that of Volcano, and by the volcanic eruptions of Strom- 
holi. The latter differs from most other burning moun¬ 
tains in the unintermitting character of its eruptions, which 
have indeed continued, from a period at least antecedent 
to the Christian Era, at intervals of a few minutes, but 
without any ejections of lava accompanying them. 

The great mass of this, as well ns of most of the other 
Islands, is composed of beds of volcanic tuff or puzeolana, 
occasionally penetrated by dykes of slaggy lava, which 
sometimes traverse the contiguous beds in a manner so 
conformable to the stratification, that, until traced to 
some extent, they might be mistaken for beds. Then, 
indeed, they display their true character, either by the 
disturbance they occasion in the beds which they tra¬ 
verse, or by some deviation from their original direction. 
(See pi. v. fig. 1 and 2.) The peculiar feature of the 
volcanic products of the Lipari Islands, however, con¬ 
sists in the abundance of pumice and obsidian, two 
different states of igneous productions, but rarely, if at 
all, met with amongst the volcanos of Naples. 

In the South of Lipari, the whole surface is covered 
with pumice, which forms several considerable bids, and 
extends to the furthest point of the island. 

The obsidian also occurs in extensive beds, or forming 
a sort o! breccia, angular masses of it being heki together 
by a white earthy-looking paste, which is hard and gritty. 

Sicily. 

The Island of Sicily contains a great variety of rocks 
of ancient formation, in which nothing of a volcanic na¬ 
ture can be detected ; but, from a period comparatively 
recent, igneous and aqueous groups sccin to have gone 
hand in hand, in building up the Tucks of which its sur¬ 
face is composed. 

In the lower extremity of the Island there occur 
various alternations of volcanic with neptunian deposits, 
constituting a considerable tract, containing within it 
hills from one to two thousand feet in height. The 
volcanic rocks, though sometimes compact, are usually 
more or less ceilulur. The cells are occasionally empty, 
but at other times arc filled with various crystalline 
minerals. The neptunian, according to Professor Lyell, 
contain marine shells, the greater part of which are 
identical with existing species, though a few are extinct, 
belonging to the newer pleocene era. Hence the volca¬ 
nic eruptions, of which Sicily affords the records, 
numerous and extensive as they are, do not go back to 
an era more remote than the newer tertiary deposits. 
The great marly formation, indeed, which occupies a 
large surface in Sicily, and is characterised by immense 
deposits of sulphur, marine salt, gypsum, and other sul¬ 
phuric salts, may probably be connected with certain 
great submarine eruptions; but we are prevented from 


clearly giving the date of this formation, in consequence Oeolng 
of the absence from it of organic remains, with the ex- t'h 11 
isteuce ot which the exhalations that gave rise to the w “v" 
sulphureous deposits seem to have been incompatible. In 
this formation occurs a phenomenon, commonly, though 
we conceive improperly, denominated, an air volcano. 

The most noted instance is at Maculuha near Ciirgenti; 
but as we shall consider in another place how far it may 
he regarded as connected with volcanic agency, we shall 
at present omit any more particular mention of it. It 
may serve to convey some kind of idea of the extended 
period during which volcanic operations luue continued 
in this Country, when wc are told, that the whole pro¬ 
bably of Mount Etna belongs to a period more recent 
than the lavas of the Val di Nolo. At its foot, indeed, 
are several isolated rocks; as, tor example, the Cyclo¬ 
pean rocks off the coast near Catania, that of I,a Motte, 

&c. which seem to belong to the class of submarine lavas, 
und may perhaps be as ancient as some of those already 
mentioned ; but Etna itself is made up, superficially at 
least, of a series of beds of lava and tuff, all of which 
possess the. characters of subaeriul volcanic products. 

Yet according to the joint testimony of Sir John 
Herschel and Captain Smyth, this mountain has an 
elevation of about 10,000 feel, witli n circumference of 
00 miles, whilst, from the descriptions given by Professor 
Lyell of those valleys, which tlispluy the internal consti¬ 
tution of the inountuiii, and particularly that of the Val 
del Hove, the whole of that portion of it, which is exposed 
to view, appears to consist of n succession of lava beds 
and of tuff, intersected by dykes of trachyte und basult. 

(See pi. iv. fig. 4.) 

How vast then must have been the period employed 
in the heaping tip of so enormous a mass of volcanic 
products, unless, indeed, the scantiness of time wns 
compensated by increased energy of action, and the 
earlier portions of the history of this volcano were marked 
by more frequent eruptions than the later ones. 

Yet, to conclude, that, during the whole of this period 
no deluge could have washed over the country, seems 
an hasty assumption, implying a more thorough ac¬ 
quaintance with the force of the diluvial currents, and 
the extent of their operation upon the strata, than we 
can lay claim to, and likewise overlooking the manner, in 
which the effects produced upon the surface of this parti¬ 
cular mountain may afterwards have been disguised by the 
eruptions that succeeded. We shall therefore content our¬ 
selves with thnt more general statement, which seems war¬ 
ranted by the fuels before us, namely, thnt all the erup¬ 
tions of Mount Etna, of which we have any cognizance, 
took place in the air, and that consequently the earliest 
of them do not in all probability date from so early a 
period, as those of the Val di Noto, which occurred, in 
part, at least, under water, and are covered with neptu- 
nian deposits of the tertiary period. 

Island of Sciacca. 

The neighbourhood of Sicily has likewise presented 
us with Bn example of one of those events, that occur, 
comparatively speaking, so rarely during the limits of 
huinun experience, namely, the breaking out of a volcano 
apparently on a new site. 

On the 18th of July, 1831, a British vessel perceived 
in the Mediterranean, betwixt the town of Sciacca in 
Sicily and the Island of Pantellaria, a high irregular 
column of white smoke or steam, which, upon corning 
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near, proved to lie caused by a small hillock or a dark 
colour, elevated a few feet above the sea, which appeared 
to be constantly discharging stones and dust together 
with vast volumes of steam. 

The volcano went on increasing in bulk, till it had 
uttniued by the middle of August a circumference of 
3210 feet, and a height of 107. It had a crater of 780 
feet in circumference, and it consisted entirely of dark 
vesicular lava, with a few fragments of calcareous and 
other rocks, not of a volcanic nature, interspersed. 

During the storms of the succeeding Winter, the loose 
materials of that portion of the Island, which had been 
elevated above the water, were gradually washed away, 
and no other inomiineutofit now remains, except a dan¬ 
gerous shoal, with a circular patch of rock in its centre, 
about forty-two yards in diameter, on which there uro 
for the most part two fathoms of water, but in one spot 
ouly nine feet. 

It appears from the examinations of llolfman.that the 
volcano in question lies in a line, which has been sub¬ 
jected to volcanic action liotn remote antiquity, ranging 
from the extinct volcanic Island of Puntellaria, by the 
sulphureous springs of Seiacca, to Mount Etna. 

It is likewise important to remark, that, according to 
the observations of Captain Smyth, this volcano must 
have been elevated in very deep water, anil that even 
now, in its immediate vicinity, the soundings indicate 
successively, ten, twenty, thirty, and forty fathoms. 

Till within twenty yards, says Captain Swinburne. 1 
got no bottom, aud then eighteen fathoms water, whilst 
from another account it appears, that at a little distance 
the soundings were 100 fathoms. Lieutenant Laincrt, 
of the French brig Anilide, describes u bank extending 
to the North-East for a mile, which, he says, did not 
exist before the rising of the volcanie hill, anil hence he 
infers, that, previously to the accumulation of the scoria! 
by which its existence was manifested, the volcanic force 
had heaved up a portion of the bed of the Mediterranean. 
How fur such a supposition is consistent with analogy, 
will he considered hereafter. 

Grecian Archipelago. 

If from Italy we turn to the Grecian Archipelago, the 
phenomenu just described will be found to have been 
repeated, inure than once, within the limits of authentic 
History, near the volcanic Island of Sanloriiio. 

Santorino itself (see plate vi. fig. 6) is of a semilunar 
form, and the horns of its crescent are nearly united, 
through the medium of two smaller volcanic Islands, 
culled Thcrasiu and Aspronesi, so that they together 
nearly encircle an area of above six miles iu diameter, 
throughout a great part of which the sea is unfathom¬ 
able. The beils on all these Islands dip at a slight angle 
tow a ids t lie exterior of the group, just as would huppen, 
if these Islands had constituted the walls of one vast 
crater, formed by the heaving up of the beds from the 
bottom of the sea, as Von Buck and Humboldt imagine 
to have been really the ease. 

Whether this be the true explanation, or not, of the 
position of the beds in the three principal Islands, will 
be considered afterwards; but a similar operation to the 
one supposed, although on a scale of inferior magnitude, 
appears to have taken place in more modern times, in 
the midst of the bay enclosed between the above-men¬ 
tioned rocks. 

Thus, 197 years before Christ, the island of Hiera, 
now culled Paiuia Kammeni, (plate vi. fig. 6,) is stated 


to have been thrown up from the bottom of the sea, 
anil in the reign of Claudius, d. 46, another made its 
appearance, which in the year 726 was joined on to 
Iliera. In 1573. that called Little Kammeni was pro¬ 
duced; and lastly, in 1707, New Kinmneiii was raised 
In the midst of the basin. The latter is distinctly said by 
the Jesuit Goree to have been heaved up from the bot¬ 
tom, as indeed the other Islands are reported to have 
been, anil he alleges in proof of it, that a large quantity 
of fresh oysters were found adhering to the rock so 
thrown up. 

Suntorino, with its contiguous Islands, is chiefly com¬ 
posed of trachytic conglomerates, nnd tuffs covered with 
pumice, though in one part clay slat#, aud in another, 
according to Tourucfort, granular limestone, appear. 

From Santorino, a line of volcanic operations extends 
itself through Milo and Argentiere to the Eastern coast 
ol the Peloponnesus, (see plate vi. tig. 5,) where before 
Motion(Methonc in Argolis) are several rocks, called the 
Islands of Pelops, of a volcanic nature, and where also 
a promontory exists of a conical form, which appears at 
an early period of Greek History to have been heaved 
up. Ovid alludes to it in his Metamorphoses, and Strabo 
confirms, what otherwise might have been regarded as 
the ticliou of a Poet, stating, that even iu his time mani¬ 
festations of volcanic agency still were observed. 
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Ireland. 


To complete our account of those decided evidences 
of volcanic action, which are to be met with in Europe, 
we must refer to the Island of Iceland, where, from the 
earliest authentic records till the present day, volcanic 
operations have continued,on an extraordinary scale, and 
with intervals rarely exceeding twenty or thirty years 
between each. The volcanos in that Country are placed 
in general linearly, and the following ones arc enume¬ 
rated." 

llecla, the last eruption of which was in 1766. 

Kattlagiaa, which, after an interval of sixty-four years, 
had a violent eruption in 1823. 

Eyaftullu Jnkul, which, after intermitting for a cen¬ 
tury, bad an eruption iu 182J. 

Grimvatn, a lake which became the site of an eruption 
in 1716. 

Skaptan Jokul and Skaptaa Syssel, two contiguous 
volcanos, experienced violent eruptions in 1783, which 
ravaged a vast extent of the country adjoining them. 

The lava made for itself a passage into the plain at 
the base of the mountain, by three streams about eight 
miles apart one from the other. These currents of lava, 
reuniting, covered a space of more ^than 1200 square 
miles. The ejections of ashes which terminated this 
eruption continued an entire year, during which the 
whole atmosphere was constantly darkened by thick 
clouds of cinders. 

Other volcanic phenomena are frequent in Iceland. 
In 1783, a year memorable in its annals for the violence 
of the eruptions that took pluee in it, a new Island was 
thrown up, consisting of high cliffs, a mile in circum¬ 
ference, ,wliich, however, the following day, sunk again, 
leaving nothing but a reef of rocks, from five to thirty 
fathoms under water, to indicate its former site. 


Geysers. 

Although we have abstained in general from noticing 
the hot springs that occur in volcanic districts, not only 
as leading us too far, but likewise as tending to intro¬ 
duce amongst the fundamental facts upon which we 
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Geology, build a set of phenomena, the origin of which some 
Ch. III. may regard as problematical, yet are we induced by the 
obvious nature of the connection that subsists between 
the Gevsers or hot springs of Iceland and its volcanos, 
as well us by the general interest which attaches to tire 
former, to notice them amongst the effects of the same 
agency there exerted. 

TheGeysers are intermittent hot springs, which throw 
out at intervals a column of water, succeeded by copious 
volumes of steam. 

The intermittent character of the phenomena may he 
seen explained on very simple principles by Sir George 
Mackenzie in his Travels in Ireland; and there is no 
doubt, but that the existence of subterranean cavities, 
serving as recipients for water in a healed bod of rock, 
and communicating with the surface by narrow orifices, 
would cause a generation of vapour, which occupying 
the upper portions of such caverns, would at intervals 
acquire elasticity enough to expel the water, and thus 
provide for itself the means of escape. 

The water is strongly impregnated with siiex, an in¬ 
gredient almost universally present in hot springs, hut in 
none so abundantly as in these ; nor is it improbable, that 
the high-piessure steam which we know to be generated 
in this instance, may materially assist' in reducing the 
silica to a state of solution, for it has been found, that 
even glass becomes quickly corroded by steam of this de¬ 
scription, although it resists it when of ordinary elasticity. 

The only other active volcano in the North of 
Europe is that in the Island of Jan Mayen, off the coast 
of Greenland. This, when visited by the Rev. Mr. 
Scoresby in the year 1817, exhibited all the marks of n 
recent eruption, and was found to consist of cellular 
lava, of tuff, and of scoria?. 

On the summit was a crater, no less than 500 feet in 
depth, and about 2000 in diameter. • 

Exlinet Volcano* of Euro2>‘‘. 

Having now enumerated the several sites of volcanic 
operations in Europe, which still continue in some part 
or oilier to exhibit marks of activity, we must next take 
a rapid suivey of those ill which the same forces have 
at some former period incontestably been at work, but 
wtiere they seem, so far as human experience goes, to 
have expended themselves. 

In this review we shall omit all, excepting those ex¬ 
tinct volcanos which have operated apparently under 
similar circumstances to those of the present day, pass¬ 
ing over altogether tlu* consideration of such rocks, 
as, though inferred to he volcanic, differ nevertheless 
from the products of existing ones, in a manner which 
seems only explicable, by supposing an alteration in the 
circumstances under which they were ejected. 

Portugal. 

In this review, it may be convenient to begin with the 
most Southern portion of Europe, namely, the Spanish 
Peninsula, tracing up the indications of the same kind 
that occur until we reach Germany, above which, it may 
be observed, no phenomena of the kind are observable ; 
for although in various parts of Great Britain and Ire¬ 
land, in the Hebrides, the Faroe Islands, and even in 
the Scandinavian Peninsula, trap roeks of various kinds 
are extensively developed, yet these, for reasons already 
assigned, do not come under our present consideration, 
being nowhere distinctly proved to be produced, as the 
others have been, in the open air. 
vot.. VI. 


On the Eastern side of the peninsula, we meet with o, v | 0 . 
volcanic appearances, in the Province of Algarve, near I'll, ll 
Cape St.Vincent; and, on the road from t'intrn to Matl'ra, 
near Lisbon, occur alteinations of semivitreous basalt 
with tertiary limestone. The occurrence here of the 
former is worth noticing, from the formidable earthquakes 
with which Lisbon has more than mire been visard. 

Dnlnmieu notices also in the Pruvinie of lliera. certain 
volcanic appearances throughout ihr chain of iiioniiiaius 
called Sierra de l'Estrclla, but we are not avvate, that 
they have been examined by any more recent observer. 

S/utiii. 

On the Eastern side of the Peninsula occur indica¬ 
tions of volcanic action at Cape de Gnieta, near Almcua, 
ami further North, as it is said, in the nioiiiilniiis above 
Alicant, where earthquakes are frequent and severe ; but 
the most decided and the best established indications of 
tlie kind occur in Catalonia, near the town of Olot. 

No sooner have we descended the Northern declivity of 
the Pyrenees towards the Eastern extremity of that 
chain, than we meet with a volcanic district of about 
fifteen geographical miles from North to South, niul 
about six from West to East, the vents of the eruption 
ranging linearly in the former direction, whilst tlu: cur¬ 
rents of lava have descended in the latter. 

There me about fnuileeii distinct cones with craters, 
most of them as entire, as those in the neighbourhood of 
Naples, or oil tile flanks of Etna. They have broken 
through sandstone, shale, and limestone, belonging to the 
secondary jieimd, but appear to he posterior to the most 
modern tertiary strata that exist ni the neighbouihood, 
being covered only by the detritus of their own mid the 
contiguous rocks. In the X Vtli Century the whole of the 
town of Olot, with tlie exception ol a single house, was 
thrown down by an earthquake, accompanied, as it is 
said, by an eruption; but this latter circumstance is re¬ 
garded by Professor Lycll as apocryphal ; and there ap¬ 
pears to he no certain record, as to any of the volcanos 
of this (listi ict having been in un active state during the 
historical period. 

Fra nrc. 

Traces of volcanic action are found rmmediatelv North- 
East of the Pv ronre“, m a little hill, composed of scoria 1 , 
and possessing a regular crater, vv hu h borders on the 
sea near the town of Agile, between Beziers and .Mont¬ 
pellier. Thence, a line of volcanic roeks, of vuiious 
degrees of antiquity, extends into the Ovcntics, und 
connects itself with a more extensive igneous- formation 
in the Vivarais. (Hep. d’Ardcchc.) The latter extends 
itself into the contiguous Department of the Haute Loire, 
where round the town of Pity it is most fully developed ; 
and the same appearances are renewed in the Cimt.-il, 
nenr St. Flour, whence they occupy a wide extent of 
country, until, after forming the elevated range of Mont 
Dor and the mountains about Clermont, they terminate 
Northwards near the town of lliom. 

To give any thing like a particular account of the 
rocks comprising those extensive districts, would occupy 
too much space, but it may he well to state briefly the 
geilerul characters, that distinguish in all of them the 
volcanic formations into two great classes. 

There is then, in Auvergne, in the Vivarais, and even 
in the vicinity of Puy en Veluy, mi extensive croup of 
volcanic hilK possessing craters, and having streams of 
lava proceeding fr them, which in no respect dill' r, 

u 
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Geologically speaking, from the products of igneous 
action which we witness daily forming before our eyes. 
Though no records remain of the period in which these lava 
streams were ejected, still it is evident, from their shaping 
their course in conformity to the valleys of the district, 
that no great changes in the external configuration of 
the country can huve taken place, since the period of their 
ejection; so that this one circumstance constitutes a hroud 
line of distinction between these, and other locks in the 
same, district, which have themselves been acted upon 
by the causes, that have excavated valleys in the con¬ 
tiguous formations. 

It may, indeed, he true, that some of these volcanic 
rocks arc themselves excavated to a considerable extent 
by the rivers which flow over I heir surface, as is re¬ 
markably exemplified in the Vivarais, where certain 
lava strenms, winch manifestly flowed, since the great 
features of the country laid become us they arc found at 
prcM'iit, have nevertheless been themselves scooped 
out, to the depth of 70 or even 100 feel, by the action of 
the streams that flow at their foot. 

Practically speaking, however, no one can confound 
the ravines, which have been channelled in Ihmi streams 
of more modern date, with the valleys, by which the 
rivers which excavated these ravines have their course 
determined ; so that the distinction adverted to may he 
admit ted on the score of convenience, even by those 
who object to the principle on which it is founded. 
Whether, indeed, the valleys in question have been pro¬ 
duced by the continued operation of the same streams, 
to which we refer the ravines, is a question more fitted 
for another part of this Treatise; but, as the majority of 
English Geologists, in speaking of valleys of this de¬ 
scription, and of the detritus resulting fiom their exca¬ 
vation. still retain terms, which appear to recognise the 
principle of their having been produced in n different 
manner, designating them, as diluvial valleys, diluvial 
deposits, &<•., so we shall adopt a similar nomenclature 
with reference to the volcanic products of Auvergne, 
speaking of those which are posterior to the valleys 
ol the district, as postdiluvial, and those which are 
themselves hollowed out by valleys of the same character 
with the contiguous rocks, us autcdiluvial formations. 

The postdiluvial volcunic products, then, are dis¬ 
tinguished by the same characters, which belong to the 
modern lavas of Etna or Vesuvius, and may he traced 
to craters often preserving nearly unimpaired their ori¬ 
ginal integrity. In Auvergne alone little less than 
.seventy of them have been enumerated, which possess, 
in general, a great uniformity of character, and evidently 
all belong to an epoch, at which the adjoining country 
had already become dry land. In the neighbourhood 
of Clermont, however, are five conical hills, (sec pi. iv. 
fig. !>,) iu the midst of a group of these volcanos, pos¬ 
sessing a striking difference in (heir aspect and consti¬ 
tution. They are composed of an earthy and pulveru¬ 
lent variety of trachyte, called double, are altogether 
destitute of craters, but in general lie detached, in the 
midst of a sort of amphitheatre of volcanic hills, consist¬ 
ing of scoriform pyroxeuic lavas. 

The loftiest of these mountains, the Puy dc Dome, 
gives its name to the Department in which it is situated; 
the others, the Puy dc Sarcouy, the Grand and Petit 
Cliersou, and the Puy de C'hopine, lie contiguous, but 
are so detached one from the other, that it would seem 
Impossible to imagine them parts of a formation that 
once spread over the intervening country, even if there 


were not other difficulties in the way of such n supposi¬ 
tion. It was the appearances of these rocks, that origi¬ 
nally suggested to Von Hueli, in an early stage of his 
career, the theory, which he has since applied to other 
volcanic formations in different parts of the World, with 
regard to the heuviug up of couical masses of rock, pre¬ 
viously softened, by the force of the elastic vapours 
generated by volcanic operations. The phenomena pre¬ 
sented by one of these hills, the Puy Chopine, strongly 
confirm this view; as vve see there an intermixture of 
trachyte, with granite, and other primitive rocks in 
various states of alteration, according, as it should seem, 
to the different degrees, iu which they have been severally 
affected by the igneous action, to which their elevation 
is attributable. The Puy itself is situated in a sort of 
crater, the walls of which are composed of scoriform lavas 
of the ordinary description. The five domitic hills just 
alluded to, may, perhaps, belong to the postdiluvial 
class of volcanos, but at a short distance from them oc¬ 
curs an elevated and extensive table lam), railed the Mont 
Dor, the great mass of which consists of trachyte, of a 
more compact and crystalline description, and clearly of 
an older date. Vast masses of tuff, similar to the puz- 
zolaua near Naples, accompany it, and the whole is 
capped, either vvitli basalt, as is the case at Moot Dor, 
or by porphyry slate, as in the neighbouring Department 
of Cantal, where this same formation extends itself. 
The whole rests upon the freshwater limestone belong¬ 
ing to the tertiary period, which, however, in a few 
places, alternates with it, and it is intersected l>y valleys 
as wide and as profound, as those which traverse any 
of the older rocks in the contiguous country These, 
therefore, vve shall venture to denominate autcdiluvial, 
iu order to mark the difference, both iu character mid in 
age, that exists between them and the rocks betbre men¬ 
tioned. These last, indeed, appear from various circum¬ 
stances to have been formed under water, ami can, in 
no instance, be traced to any crater ox focus ol'emption ; 
whether it was, that the changes that have subsequently 
taken place iu the country obliterated the traces of 
them, or, what is more probable, that they were origi¬ 
nally ejected through the medium of dykes, and under 
a pressure which confined the focus of eruption within 
the narrowest limits. 

lie that as it may, it is certain, tha~ the appearances 
presented by the volcanic rocks of Mont Dor and Cantal, 
are of a totally distinct character from those of Vesuvius 
or Etna. Instead of uui row bauds of lava covered w ith 
beds oftuffor loose scoria 1 , these mountains present con¬ 
tinuous beds of trachyte, basalt, and conglomerate, man¬ 
tling round the axis of the chain, and interrupted only 
by the valleys which intersect them. Ilow these rocks 
could have been brought into tlieir present inclined 
position, will he a matter for subsequent inquiry; at 
present, wc arc only concerned with the circumstances, 
in which the structure of these mountains differs from 
that of the volcanos now forming under our eyes. 

The structure of the volcanic district in the Velay 
and Vivarais is of an analogous kind, consisting of im¬ 
mensely thick deposits of volcanic tuff, generally resting 
on a Iresh-water tertiury limestone, and of rocks of tra¬ 
chyte and porphyry slate, which appear to be of subse¬ 
quent date, and to have forced themselves through the 
tuff which they overhang. 

The depth of the valleys, excavated in this great 
tufueeus deposit neur the Puy, serves to evince,either the 
long continuance, or the energetic action of the causes 
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Uuology. which have since affected it. anil the irregularly abrupt 
Ch ' U1, j and almost py ramidal form, which belongs to some of 
the detached hillocks, which lie scattered over the valley, 
as that on which the cuthedral and part of the town of 
Puv is built, and as the contiguous rock of St. Michael, 
evinces the irregular manner in which this material 
decomposes, and the firmness with which its parts in 
certain positions cohere. The last-mentioned districts 
also, like those of Auvergne, display many indications 
of volcanos possessing a nore recent date, such as craters 
still remaining in all their original integrity, beds of 
scoria: which have been ejected, as at present, in the open 
air, and lava streams, which have descended into the 
valleys in conformity with the present configuration of 
the country. Some of these lava streams, however, are 
themselves deeply channelled by the rivulets that flow 
across them, and being composed of compact and co¬ 
lumnar trap, the sides of the ravine are flanked by ba¬ 
saltic colonnades. 

Germany. 

Tn proceeding to Germany, we may remark, that a 
chain of primary rocks, with many secondary formations 
superposed, stietchcs wit ft certain interruptions through 
the heart of the country from Hast to West, of which 
the seveial portions arc respectively distinguished by the 
names ot the Tlmringerwald, the Ficlitelgebirge, the 
Erzgebirge, the Riesengelnrge, He. In connection 
with this great back bone, as we may temi it, of Ger¬ 
many, and on either side of it, occur groups of vol¬ 
canic cones, or other indications of an igneous character, 
whilst to the North of the above line they are entirely 
wanting-. 

Eyfel Volcunos. 

Beginning with the Rhenish Provinces, we dbserve 
immediately at the foot of the Ardennes, in a district 
called the Kyfel, a cluster of little volcanic cones, com¬ 
posed, lor the most part, of loose scoria*, and frc(|iiently 
having very perfect craters, which sometimes serve as re¬ 
servoirs for tin* waters of the country, and thus are con¬ 
verted into lakes; at other times are dry, and exist in all 
their original integrity. Accordingly, notwithstanding 
the silence of history concerning their eruptions, we can 
scarcely dispossess ourselves ot the idea that they were 
the work of a recent period, and are persuaded, that they 
at least belong to as late a Geological epoch as that 
which we have assigned to some of the volcanos of 
Sicily and Naples. 

They arc remarkable for the general absence of any 
lava-currents proceeding from them, being lor the 
most part mere aggregates of scoria*, or a sort of vol¬ 
canic tuff, made up of pulverulent materials ranged 
round a central aperture. They in some cases consist 
merely of the ordinary rocks, upheaved, but in other 
respects but little altered in appearance. The above, 
however, appear to be the only vestiges of volcanic 
action in Germany, that admit of being dearly referred 
to the same modern epoch, the other rocks, which bear 
marks of a similar origin, being destitute of craters, and 
more compact in their structure. 

Siebengcbirge. 

On the Eastern bank of the Rhine, opposite to Bonn, 
rises abruptly from the borders of the river the chain of 
mountains, called the Siebengcbirge, from the seven 
principal peaks that strike the eye from a distance. 
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They are composed, partly of basalt, and partly of Geology, 
trachyte, which appear to have been protruded through Gh In. 
the schists, that constitute the fundamental rocks ot ttie ■- / 

district. The superposition of the volcanic prod nets to 
the brown coal so extensively nu*t with in this Province, 
is, however, decisive with regard to the tcitiary origin of 
this deposit. The Siebongebii-ge are, m tact, a pro¬ 
longation of the extensive basaltic foimatiou ot the Wes- 
terwald, wliicn again is connected with anodic: consi¬ 
derable volcanic district Notth East of FianMoit, called 
the Vogolsgcliirge. 

From the latter, the isolated basaltic cones, of l-'i ankforl 
and llanau on the one side, and of Casscl and Kisi-mnli 
oil the other, seem to be lamilieatiotis. In many of 
these basaltic rocks, the compactness of slrncmie is 
quite equal to that of the trap in olih r formations, but 
in o'her eases, they ate associated with vesicular lavas, 
which occur less Irequently at least, it they ate not en¬ 
tirely absent, in the latter. The contact liclvvocn the 
volcanic material, and the contiguous stratum, Ims often 
been productive of very striking changes iu the structure 
of the rock, rendering, iu puiticular, the sandstone haul 
and prismatic, just in the same manner as is done iu 
some parts of tins country bv artificial heal. 

Higher up the Rhine, occur several groups of rocks 
possessing a similar origin to the above. In the Odcn- 
wald, near Ilcidclburg, tisc some eminences trotn the 
midst of the new red sandstone, iu which basalt is touml 
associated with augitc rock; and near Frey burg, hi the 
Hrisgnu, is the scries of hills, of which that called the 
Kuiscrstuhl is the most pioiiiiiicnt, destitute of cra¬ 
ters, but containing-, inteinnved or associated with com- 
pacter rocks, vesicular products much resembling reii-nl 
lavas. Lastly, u lew miles to the North of the Lake, 
of Constance, is the commencement ol another iliutn 
of basaltic and porpbyritic cones, connected with which, 
are certain overlying musses of basalt in YVirn-mberg, 
along- the clmm of the Binihc Alp South of Tubingen. 

These latter, however, have mine of the diameters 
which mark the older trap rocks. 

In the Rhongobirge, a group of inmmlaius East of 
Fulda, a contiuualiim of the same volcanic loruialinu 
has been noticed, though leeenl observers have pro¬ 
nounced it to be destitute of craters ; and at the Ficli- 
lelgcbirge, on the North-Eastern limit of Bohemia, occurs 
a series of basaltic cones extending limn Egru to Paik- 
stein. 

The same rocks may be traced to Toephtr. in Bohe¬ 
mia, and to the Riesengchirge ill Silesia, whilst on the 
lowersideof this chain id iiiomituins. which istheie called 
the Erzgebirge, occur sevcrul plat lor ms, cones, and domes 
of basalt, overlying the other rocks ot the country, and 
therefore posterior to them all. it was these, which im¬ 
pressed Werner with the idea of the aqiu'ous origin of 
trap, from the marked contrast he observed between the 
characters and positiou belonging to these rocks, and to 
the volcanic products of the present day. 

Lastly, on the Western border of Moravia, near the 
frontier of Hungary, is a small basaltic deposit near 
Banovv. 

The above statement, it is feared, affords but an imper¬ 
fect enumeration of the several sites, in which volcanic 
action has ut former periods of the Earth’s history mani¬ 
fested itself throughout Germany, whilst it is probable, 
that many of the trap rocks alluded to belong to the class, 
which has (wen in genera! omitted, namely, that of sub¬ 
marine lavas; nevertheless it may have its use, iu point- 
5 a 2 
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Geology. ing out an important fact in the natural history of volca- 
Ch. Ill. 110Hi ns imcly, the linear direction which they assume,uud 
their connection with the leading chains of mountains 
in the countiy, corresponding also with the direction, in 
whicii (he shocks of earthquakes arc most commonly 
propagated, and in which hot springs occur. 

Hungary. 

Connected with some of the more Eastern of these 
groups, is n very extensive volcanic formation in the 
North of Hungary, consisting of five principal groups, 
the first of which, in the district of Schemnitz and Krem- 
nitz, occupies an elliptical space of about twenty leagues 
by fifteen. 

The second, a smaller group South of the preceding, 
forming the mountains of Divgcley, near Gran, on the 
Danube. 

The third, a mountain group known by the name of 
Matra. situated in the heart of Hungary, East of the 
former. 

The fourth, a chain which commences at Tokai, and 
extends North to the heights of Eperies, in length 
twenty-eight or thirty leagues, and in breadth about five 
or six. 

The fifth is that of Vihorlet, East of the foregoing 
group, which is connected with the trachytic mountains 
ofMurinnrusch on the borders of Transylvania. 

The latter form a wide range extending from Vasar- 
hely near the Western declivity of the Carpathians along 
the line of the river Maroseh, nearly to Cronstadt on 
the frontiers of Walachia. 

Now it is remarkable, that throughout the whole of 
this tract,‘studded us it is with indications of volcanic 
agency, no evidences of a continuance of the same has 
been discovered, unless the Sol fata ra of Budoshegy in 
Transylvania be regarded in that light. Neither do 
any craters exist, except at the Southern extremity of 
this latter chain, and perhaps near the Luke of Balaton 
in Hungary. 

In other situations, the prevailing rock is trachyte, 
which occurs in a state of greater devclopcment, and eon- 
secpieully under a greater variety of aspects, than any 
where else in Europe. This is associated with pumice 
and other cellular products, which indicate that it was 
not formed under deep water; an inference confirmed by 
observing, in the pumiceons conglomerates derived from 
the trachyte itself, shells of the same age as those met 
with in the basin of Pnris. (Bcudnnt.) It would seem 
then. Hint the volcanic eruptions of Hungary took place 
at a period, when the low country was o\erspread with 
extensile fresh-water lakes, of which thut ol'Buluiuii, near 
which locality they uppearto have continued longer than 
elsewhere, is the only considerable remnant. 

In Styria also, a little to the South east of Grata, 
occurs a series of volcanic hills, grouped round a cen¬ 
tral trachytic eminence, the Glcichenbiirg. (See pi. v. 
fig. 10. for au ideal section of the arrangement of the 
strata round the central trachyte in that Country.) And 
it is probable that others exist in many parts of Turkey. 

It is certain that on cither side of the Sea of Mar¬ 
mora, from the Dardanelles upwards to Constantinople, 
V occur volcanic rocks, whose porous and vitrified aspect 

announces a modern origin, but they appear to be des¬ 
titute of craters. 

On the Volcanos of Asia. 

Asia Minor. 

With the line of extinct volcanos on the shores of the 


Bosphorus is probably connected that which has been Geology, 
described by Mr. Webb as existing in the Troad, and Cli. JIL 
which is developed still more extensively in the neigh- v —■“v”*"’ 1 
bourhood of Smyrna. The latter district was called, 
according to Strabo, the Catacecauniene, from its burnt 
and arid appearance, nor does tiiis ancient Geographer 
hesitate, to refer the characters it bears, to the action 
of fire proceeding from the earth. («wo -v/jor.) 

lie also speaks of a Plutonium or cave exhaling car¬ 
bonic acid, which still appears to exist in this neighbour¬ 
hood, a proof of the long continuance of processes 
resulting from this deep seated cause. 

Dead Sea. 

In Syria, and especially in the neighbourhood of the 
Dead Sea, occur indications of volcanic action, belonging 
apparently to a still more recent date; at least, if we arc 
justified in supposing the awful event, relative to the de¬ 
struction of the cities of the Pontapolis, recorded in the 
Book of Genesis, of which the Dead Sea is stated as the 
result, to have been brought about by the immediate 
operation of volcanic forces. 

The exact mode, in whicii it came to pass, that the 
River Jordan, which appears at one time to have flowed 
into the lied Sea, (see pi. vi. fig. 1.) created thut ex¬ 
panse of waters which now occupies the valley of the 
Pcntnpolis, and in which the stream at present loses 
itself, must of course continue a matter of surmise, until 
some adventurous traveller shall have examined the 
country South of the Dead Sea with Geological eyes. 

It may, however, be suggested, that if one of those vol¬ 
canos which, we are told, exist South of the Dead Sea, 
had given rise to a current of lava of considerable thick¬ 
ness, which took possession of the lied of the river, 
the waters of so considerable a stream, confined within 
the compass of the valley, would have spread them¬ 
selves over it, until they had converted what was before 
a fertile plain into a wide waste of waters. 

Sueh a supposition is at least agreeable to analogy, 
for Auvergne alone supplies us with more than one in¬ 
stance of a iuke being produced, owing to the ponding up 
of the waters of a river by a stream of leva; nor ought 
it to be objected to as inconsistent with the authority of 
Scripture, which ill this, as in other instances, only 
informs us, yvith regard to the reality of the event, and 
the moral end it was intended to answer, without seeking 
to enlighten us relative to the physical means by which 
it was brought about. 

Dr. Clarke and other travellers notice similar volca¬ 
nic appearances in Palestine; and,somc of the sacred 
Prophets, from certain allusions that occur in their 
writings, appear to have been eye-witnesses of, or at 
least familiarly acquainted with, volcanic phenomena. 

Red Sea. 

The existence of extinct volcanos at Sherm in the 
Peninsula of Mount Sinai, may enable us to connect the 
phenomena exhibited iti Palestine with the active vol¬ 
cano of the Island of Zibbel Tcir in the Red Sea, and 
with other appearances olHhe same kind that have been 
noticed in Arabia. 

Central Asia. 

There is reason also to believe, that volcanic operations 
may lie traced along a line, where we should be least 
disposed to anticipate their occurrence; namely, across 
the centre of the great Asiatic Continent. To the West * 
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Geology. and South of the Caspian lies the chain of the Cauca- 
Ch. III. sus, which presents in many parts indications of the 
kind. Mount Ararat itself is staled to be an extinct 
volcano, and some mountains further North, near the 
Hirer Kuban, are stated to be composed of materials 
similar to those of the trachylic hills near Bonn. De¬ 
mavend, the highest peak in the chain ot Elburs, itself 
a branch of the Caucasus, is an extinct, if it be not now 
an active, volcano, for it is reputed sometimes to emit 
smoke, and Morier mentions traces of the action of fire 
South of this point, between Teheran and Ispahan. 

If we cast our eye on the mass of Central Asia, we may 
observe a series of lakes or seas, of which the Caspian is 
the most Eastern, extending far into the Chinese terri¬ 
tory. These lakes are indications of a great depression 
of the Earth’s surface, which Humboldt conjectures to 
extend Northward to the Frozen Sea, at the inouth of 
the lliver Ob, on the Eastern side of the Oural moun¬ 
tains, and which stretches Eastwards between the two 
nearly parallel ranges, the Altai and the Teen-shun or 
Celestial mountains. This depression is not merely a 
relative, hut an absolute one, for Engclhardl and Parrot 
have ascertained by barometrical measurement (and the 
flame has been continued in a very remarkable manner, 
by the observations made on the boiling point of water 
by a recent English traveller Captain Monteith) that the 
Caspian, which occupies its present level, is below the 
surface of the Ocean ; and the existence of salt in the soil 
as well as in the lakes, together with the presence of sea- 
shells identical with existing species, indicate, that at no 
very remote era, Geologically speaking, a large portion at 
least of this tract was occupied by wuter, of which the 
Caspian, the Lakes of Aral, Baikal, &c. are the residue. 

Now it is in this depressed portion of the great Asia¬ 
tic Continent, that the volcanos, which are reputed to 
exist iu Central Tartary, have broken out. • 

The extinct volcano of Aral Toobe, which is an Island 
in the Luke of Alakul, and the Solfatara, ns Remusat 
calls it, or the active volcano, as Humboldt is inclined to 
consider it, of Peechan or the White Mountain, both lie on 
the Northern declivity of the Celestial Mountains, the 
latter not very distant from the Lake of Issikoul, which 
appears to tic about double the size of that of Geneva. 
It had an eruption in the Vllth Century. In its neigh¬ 
bourhood is a mountain called Ourumski, live leagues 
iu circumference, which produces immense quantities 
of sal-atninoiiiac, uud which probably is the crater of a 
Solfutura, or half-extinguished volcano. Near the Luke 
of Darlui also is a small mountain full of fissures rising 
out of a plain adjoining the banks of the lliver Kohok, in 
which the same salt sublimes. 

Eastward of Pechau, the whole Northern slope of the 
Celestial Mountains presents volcanic phenomena, ior 
lava and pumice abound, and various exhalations are 
here and there emitted. 

Southward of the same chain also occurs the volcano 
ofTourfan, in latitude 4 3° 34', called Ilo-Tcheou, town of 
fire; though it seems doubtful, whether this be in an ac 
live condition at present. It is said to be in the midst 
ol several considerable, though, according to Humboldt, 
shallow lakes, and produces large quantities of sal-am¬ 
moniac. Thus Humboldt concludes, that we are ac¬ 
quainted with a volcanic territory in the interior of Asia, 
the surface of which is upwards of 2500 square leagues, 
and which is distant S0O or 400 leagues from the sea ; 
a remarkable exception certainly to the general fact of 
the propinquity of volcanos to the Ocean, though one 


not more extraordinary, perhaps, than the position of Geotogy 
Jorullo in the centre of Mexico, seeing that all these €h - III. 
volcanos, ill consequence of their mutual connection, *v*' * 
muy be supposed to communicate with the lakes, that 
occur in the longitudinal valley in which they are situ¬ 
ated, just as the Mexican volcano, by its connection with 
the other vents which stretch across the American Con¬ 
tinent, appears to be with either Ocean. 

Kamtuchatlca. 

The exact condition, however, ill which the volcanos 
of Central Tartary now continue, must, utter all, he open 
to some uncertainty, seeing they have never \ei been 
examined by any European traveller; and the only ones, 
whose existence on the Continent ofAsia cun he looked 
upon as ascertained, ure those in the Peninsula of 
Kamtschaika, where three in a very active condition are 
enumerated 

Thence we mny, to all appearance, trace a chain of 
volcanic operations uloug the Aleutian Islands to (he 
Peninsula of Aluschku, in North America, where indi¬ 
cations of the kind are said to occur. 

Among the Aleutian group, Langdorf has described a 
rock near the Island of llnalaschko, StMIO feet in height, 
consisting of trachyte, which tirade its appearance ut once 
from the bottom of the sea in the year 1795, an occur¬ 
rence, which may serve to render more credible the 
traditions which linve reached us, us to the rise of new 
Islands elsewhere in the sen. 

The volcanos of Kamtschatka arc connected again 
with a very extensive range of similarly formed moun¬ 
tains in Japan, through the medium of those of the 
Ktirule Islands, in which no less than nine active vents 
are enumerated. 

Indian Archipelago. 

Other links in the same extended chain of igncouH 
operations may be observed in the Islands of Loo-Choo, 
probably in that of Formosa, mid in others connecting 
Japan with the Philippine group. (See pi. vi. fig. -1.) 

Linton, the largest of these, contains three active vol¬ 
canos, one of which, that ofTnal, South of Manilla, had 
an eruption iu 1754. The Islands of Fugo and Mngin ■ 
danao likewise coutuin each a burning mountain. The 
line is thence prolonged through Sauguir and the North¬ 
east extremity of Celebes, by Termite and Fidore to the 
Moluccas. In Sambawa, belonging to ibis latter group, 
one of the most formidable eruptions ever known has 
been recorded by Sir Stamford Raffles, the effects of 
which were felt over a space of 300 miles, extending 
itself through the whole ol'ihc Molucca Islands, Java, &c. 

From Sambawa a great transverse line of volcanic 
operations may be traced from East to West. On the West it 
passes through Java, then bending Northwards is pro¬ 
longed through Sumatra, aiul terminates in Barren Island, 
in the Bay of Bengal, about the 12th degree of North 
latitude. (See pi. iv. fig. 4.) To the East of Sambawa 
the volcanic range extends itself to Banda nml New 
Guinea, and then expands over the greater part ot the 
Pacific Ocean, which appears to constitute but one great 
theatre of volcanic operations. 

Pacific Ocean. 

The Islands dispersed over this vast expanse may in¬ 
deed be referred to two classes ; those of low elevation, 
which appear to consist entirely of coral reefs, and those 
of more considerable height, chiefly consisting of volca¬ 
nic peaks. But even the former appear to be in the 
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Geology, great majority of instances* based upon submarine vol- 
G'v 111. canos; for it seems to be ascertained, that madrepores will 
not commence their building operations at a depth 
greater than about twenty feet below the surface of water; 
and where the subjacent stratum has been explored, a 
rock oPvolcanic nature has in general been detected as 
its basis. Among the loftier Islands of the Pacific Ocean 
occur some of the most remarkable volcanos of the 
Globe, especially that of Kirauca in the Island of 
Owhyliee, described by Mr. Ellis, which appears to lie in 
a state of incessant activity, and Mmum-roa, an extinct 
otic, the height of which is calculated at 16,020 feet. 

Other volcanos are stated to occur in different pnrts 
of that extensive tract, as far as New Caledonia and New 
Hebrides. The separate mass of New Zealand, with 
which Norfolk Island is connected, may be viewed as 
the Northern extremity of the buhvnrk ; its Eastern can 
hardly be fixed at atiy nearer point than the coast of 
America, since it appears, that an active volcano at pre¬ 
sent exists among the Galapagos only 10 degrees West 
of Quito. 

On the Volcanos of A j'rica. 

Nor arc volcanic phenomena limited to those. Islands 
only which lie Eastward of the Indian Archipelago; 
for we have mason to believe, that a large proportion of 
those which may be regarded as dependences upon the 
Continent of Africa, are derived in great measure from 
the same cause. 

How, indeed, the case may stand with regard to the 
largest of them, Madagascar, our imperfect acquaintance 
with that extensive tract affords us but lew data for de¬ 
termining ; though Ebcl (Ban der Erde) states the ex¬ 
istence there of a volcano, and some specimens that 
were sent from thence to the Geological Society seem to 
corroborate his statement. 

We know, however, that the smaller Islands in its 
vicinity, namely, the Mauritius and the Isle of Bourbon, 
arc made up entirely either of volcanic materials, or of 
the coralline limestone of modern growth. In the 
centre of both these Islands rises a conical mountain, 
constituting the most elevated point of each; but in the 
Mauritius there, is no semblance of volcanic action at 
present, whereas, in the Isle of Bourbon exists one of 
the most active vents in the World; for since 1785, the 
year in which a register of its eruptions was com¬ 
menced, up to 1801, at least two lava streams annually 
have been thrown out from the sides of the mountain, 
and of these, eight have reached the shores of the sea. 
These currents of lava from the lower part of the moun¬ 
tain are followed by ejections from the craters situated 
on its summit, and amongst the substances thrown out 
is that filamentous vaiiety of pumice, which so resembles 
spun glass in appearance and flexibility. 

These lavas are of a trachytic character, but the 
Island itself is principally composed of beds of Compact 
and amygdaloidal basalt, alternating with lulls, the whole 
being intersected by basaltic dykes. 

Besides this active volcano, an extinct one of larger 
size, called Les Fournaises, exists in the West of the 
Islund. On the Continent of Africa itself, we have no 
well-ascertained instance of volcanic agency, though the 
German traveller Kfippell reports, that in Ktirdofan, 150 
leagues from the Red Sea,, and, consequently, far in 
the interior, u conical and smoking mountain was stated 
to him ns existing. 

We will proceed, therefore, to the Islands on the 


Western side of Africa, beginning with St. Helena, Geology, 
which appears to be made up of coralline limestone and ,l1 - 
volcanic matter, the disposition of the latter being to- v * 
wards the centre of the Island, where a crater shaped 
cavity exists. 

The Island of Ascension, of Tristan d’Acunha, and 
that called Gough’s Island, are also volcanic, and so 
likewise are those of Fernando Po and Prince's Islund, 
in the Bight of Biufra. 

The Cape Verd Islands are composed chiefly of 
tertiary limestones and volcanic products, but no active 
volcano exists amongst them, except in the Island of 
Fuego, which is reported to be in a state of constant 
activity. 

Canary Islands. 

Ferro, the next in the series, is volcanic, and a 
burning mountain burst out in it in 1677, which again, 
in 1692, caused an eruption of six weeks' duration. 

Indeed, the whole group of the Canaries seems to be 
placed within the sphere of the same submarine volcano ; 
for although vestiges of other rocks are met with, as of 
granite and mica slate in Gomera, and of limestone in 
Great Canary, Fortavcntura, and Lauzerote, yet none 
of these Islands are exempt Irom occasional manifesta¬ 
tions of the same igneous action. 

Teneriffe. 

In the Island of Teneriffe we see exemplified, almost 
every variety of volcnuie product that elsewhere exists. 

The Peak, a conical mountain which rises to the 
height of about 12,000 feet, is itself composed of tra¬ 
chyte, but it rises out Irom the midst of rocks, consisting 
of basalt and the compactor forms of pyvoxeuic lavas. 

The crater of the Peak has given rise to ejections of 
vitreous lavas, partaking of the character of obsidian, 
together with loose masses of ibis substauce and of 
pumice. 

At present, however, the principal eruptions take 
place from the flanks of the mountain, and at a much 
lower level, namely, from the parasitic cone of the moun¬ 
tain Clmhorra, which bears the same relation to the Peak, 
that the Monte Rosso does to Etna; and it is remark¬ 
able, that pumice never has been thrown out by any of 
these later paroxysms, the products ot which are lavas 
or loose masses, possessing a stony aspect, a black 
colour, and a large proportion of pyroxene ; substances, 
in short, bearing the same relation to the compact traps 
constituting the basis of the mountain, which the tra¬ 
chytes do to the clay porphyries tbund amongst older rocks. 

The remainder of the group, as described by Von 
Buch, appears to consist of submarine lavas similar to 
those which constitute the base of Teneriffe : in the 
Islands of Great Canary, of Palma, and others, the beds 
composing them rise in all directions upwards towards 
the centre of the Island, where occurs a circular cavity, 
called a Caldera, similar in shape to a crater, but desti¬ 
tute of lava currents, more profound and abrupt, and of 
greater circumference. 

The Caldera in the Isle of Palma is 5000 feet in 
depth, and ubout two leagues in diumetcr, and from its 
summit, the edges of the beds, of which the Island is 
composed, arc seen in regular succession, intersected by 
a network of basaltic dykes. 

Another prominent feature in these Islands, is the 
occurrence of deep and abrupt vulleys called Barancos, 
which intersect the strata, radiating in all directions 
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Geology. f r0ln the centre to the circumference. Their precipitous 
Ch. ill. e SCar p nl ents, and the absence of any streams running 
through them, plainly denote that they owe their origin, 
not to water, but to something connected with the pe¬ 
culiar physicul structure of the Island; and Von Buch 
observes, that both the position of the rocks themselves 
and the barancos with which they are intersected, admit 
of a simple explanation, if we suppose a succession of 
submarine lava-beds to have liecn upheaved by the 
action of elastic vapours from the bottom of the sea, the 
Caldera, towards which all the strata rise, being the point 
that first yielded to the force applied, the Barancos, a 
natural consequence of the splitting, which would be 
caused by the increase of surface over which the rocks 
were spread, when raised up from their original ho¬ 
rizontal position at the bottom of the sea. 

As this mode of explanation has, however, been lately 
disputed, we shall defer the consideration of it to a later 
portion of this Treatise, and shall, therefore, only remnrk 
that the Caldera of Vandama, in the Island of Great 
Canary, is composed principally of trachyte, (see Von 
Buch, p. 261.) and therefore could not have been built 
up by a number of successive eruptions, us has been the 
case with some craters. (See pi. iv. fig. 3.) 

The Island of Laueerotc is somewhat differently 
formed from the rest, presenting a series of not less 
than twelve little volcanic cones, three or tour hundred 
feet in height, composed of harsh, porous, sharp 
lapilli, provided each with a crater, lying exactly in a 
line, a*, if they hud been thrown up from a large fissure 
or lent extending across the Island, which had a com¬ 
munication with the interior. 

Lancerote has been visited with several formidable 
eruptions, especially one which continued at intervals 
from 1730 to 1736, so severe us to drive away the inha¬ 
bitants entirely; and another in 1824, in which Sn new 
volcanic mountain was formed by the stones ejected. 

Madeira is composed in great measure ol the same 
materials as the foregoing Islands, lint no vestiges of 
any recent volcanic operations are discoverable ; and the 
same remark applies to Porto Santo, which consists of 
an alternation of the above rocks with tertiary lime¬ 
stones, and sandstones disposed horizontally. 

Mount Atlas. 

Certain parts of Mount Allas on the Continent of 
Africa, opposite to the Islands just alluded to, are said 
likewise to he volcanic. 

The mountain called Black Harusch consists, accord¬ 
ing to lliiiiituildl, of basil I tic rocks of a grotesque (brm. 
Its Western range, called the Mountain of Soudan, has 
been explored by Ritchie, who describes it as formed 
by masses of basalt, which have burst through tertiary 
limestone containing fossil fish, as in the Vicrntin. It 
was the Minis Ater of Pliny, and if any reliance is 
placed on the accounts of volcanic appearances reported 
to have been seen by Manuo whilst circumnavigating 
that part of Africa, it is more likely, that he should have 
referred to these mountains, Ilian to the volcanos ofTene- 
rifTe, which were too distant from the coast for him to 
have touched upon. 

Azores. 

The last group of Islands in any degree connected 
with this portion of the Globe is that of the Azores, and 
this also is altogether of a volcanic nature. The Island 
of St. Michael, the largest of them, contains several 


conical hills of trachyte, some of them with craters, and t.eolojrv. 
covered by the pumice and obsidian they hail ejected. 111. 
This trachyte has, however, been protruded through 
strata of basalt and tutr, which constitute the fundamental 
rocks. 

El Pico, the summit of which is 9000 feet above the 
sen, consists of n conical mass of trachyte, from which 
smoke is constantly issuing. In 1812, mi eruption took 
place from the Island of St. George contiguous, which 
was probably conncc'cd with this same volcano, considered 
the only active one in the whole group. 

In 1811 a phenomenon occurred near this group of 
Islands, similar to that already described as having taken 
place near Sicily, and in the Grecian Archipelago. 

After a succession of earthquakes, expo deuced more 
or less sensibly in all the neighbouring parts, a new 
Island rose in the midst of the sea, of a conical form, 
and with a crater on its summit, from which tliuiic and 
smoke continually issued. The Island, when visited 
soon alter its appearance by the crew of the British frigate 
Sabrina, was about a mile in circuinlereiice, and 200 or 
800 feet above tile level of the Ocean. 

Like the Island of Hciacea, however, it sunk again 
into the sea, after continuing to be visible above the 
waters lor some weeks. 

On the Vulrauos of America. 

Antilles. 

All the smaller Islands constituting the West-Indinn 
Archipelago, are composed either of coralline limestone 
of very recent formation, or of volcanic materials. 

Those which consist wholly of the humer, are of ex¬ 
tremely low elevation, whilst the volcanic Islands rise 
often to a considerable height. The latter gioup may 
be divided into those which are entirely volcanic, and 
those which contain an intermixture of calcareous rocks. 

The first of these classes comprises the following. 

1. Grenada, in which there is an extinct crater filled 
with water, 

2. St. Vincent, the site of an active volcano called Lr. 

Suvffrier, which had a tremendous eruption in 1812. 

3. St. Lucia, which also contains a very active volcano. 

4. Dominica, the site of an extinct volcano. 

5. Montserrat, of a solfutara. 

6. Nevis, of the same. 

7. St. Christopher’s, of ditto. 

8. St. Kustachia, of an extinct volcano. 

The second division would comprehend, 

1. Martinique, which consists chiefly of lelspathic lava, 
constituting its three peaks, but which has calcareous 
rocks resting upon these volcanic materials. 

2. Guadeloupe, one portion of which consists of coral¬ 
line limestone, the other of volcanic rocks, containing 
fourteen craters, one of which is in an active condition, 
and had an eruption in 1797. 

8. Antigua, in which calcareous rocks of recent origin 
predominate. 

4. St. Barthelemi. 

6. St. Martin. 

6. St. Thomas, of which we possess no precise infor 
■nation. 

It may be observed, that all those Islands which ex¬ 
hibit traces of the recent action of fire, are situated in a 
line on the Western Ijoundary of the range, from North 
latitude 12° to 18°, and West longitude 61° to 63°, 
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Geology. Whatever indications of the kind occur further to the 
Cli. 111. West, belong to eruptions of an older date. 

Thus the volcanic islands of the Antilles seem to he 
the links, which connect the chuin of primary mountains 
in the t'nraccas, with that which runs across the Islands 
of Porto Rico, St. Domingo, Jamaica, and.Cuba, both 
which lie nearly at right angles to that of the volcanic 
Islands enumerated. Yet the connection between the 
two is evinced, from the earthquakes, to which the nou- 
volcanic chains above mentioned are so subject, ceasing, 
upon the breaking out of an eruption in one of tire vol¬ 
canos of the neighbouring Islands. 

On the Continent of North America we meet with no 
recent volcanos further North than California, where 
three are stated as being at present in activity, although 
little is actually known concerning them. 

Mexico. 

In Mexico, traces of volcanic action belonging to every 
Age are strikingly inanilest. Basaltic rocks and other 
modifications of pyroxenic lavas are met with in abiin- 
duucc, but the most elevated parts are composed of 
trachyte, which appears to have burst through the pri¬ 
mary rocks, constituting conical or pointed mountains 
of enormous height. There would even seem to he a 
passage from these into granite, through the medium 
of & species of porphyry, which, though it partakes of 
the same ingredients as trachyte, is of a compactor 
texture, and which seems at the same lime to be inter- 
stratified with the primitive rocks of the country. 

But Mexico also presents a chain of active or half- 
extinguished volcanos, ranging in a linear direction 
across the Continent, and consequently at right angles 
to the primary cliuiu above meulioued, which runs 
North ami South. 

In the parallel of the City of Mexico occur no less 
than five burning mountains, placed so much in the same 
line, that they appear to be derived from a fissure tra¬ 
versing Mexico from West to East; and it is interesting 
to remark, that if the sunie parallel Hue which connects 
these volcanos lie extended in a Western direction, it 
would traverse the group in the Pacific called the Isles 
of Rivillagigedo, which there is reason to believe are 
also volcanic. See plutc vi. fig. 8. 

The most Eastern of these, that of Tuxtla, is situated 
a few miles to the North-West of Vera Cruz. In the 
same Province, but further to the West, occur (lie vol¬ 
cano of Orizaba, the height of which is 17,300 feet, and 
the peak of Popocatepetl 300 fee t higher, the loftiest 
eminence in New Spain ; whilst on the West of the City 
of Mexico are the two remaining ones, Colima and Jo- 
rullo. The elevation of the former is about 9000 feet. 
That of the latter much less considerable. It is remark¬ 
able. however, ns affording us an instance of the break¬ 
ing out of a volcano in a new spot; for the origiu of 
this mountain dates no further back than the year 1759, 
when it was suddenly thrown up, with five smaller coni¬ 
cal masses, from the midBt of the plain called the Mal- 
pays, which also, over an urea of three or four square 
miles, was npheavedwith an inclination increasing from 
the circumference to the centre, the former being only 
thirty-nine feet above the old level, the latter no less than 
524 feet. (See plate iv. fig. 1 and 2.) 

Thousands of small cones from six to one hundred 
feet in height, colled by the Indians Ilornitos, or Ovens, 
are scattered over this upraised plena ; they consist of 


clay intermixed with decomposed basalt, and are con- Geoloi 
Initially giving out steam. Ch.Il 

Jorullo, at the time Humboldt visited it. was still ' 
emitting smoke, and hau thrown out from its North side 
an immense quantity of scoriform and basaltic lavas. 

The surface of the Malpays was also still hot, and two 
streams of water, which were swallowed up m the hol¬ 
low caused by the upheaved strata, reappeared on the 
other side of the plain, as warm springs. 

In this brief account of the curious and instructive 
phenomena of Jorullo, we have taken for our guide, 
Humboldt, os the only scientific traveller who has 
given ns an account of it, after an aetual inspection of 
the spot. We are aware, indeed, that doubts have been 
thrown upon his explanation hy certain English Geolo¬ 
gists, who are reluctant to admit the fact, of uplteav- 
ings having taken place amongst, volcanic materials ; 
but without entering into this question at present, we 
may remark, that those who admit the uplifting of a whole 
Island at once from the bed of the Ocean,(and who, that is 
conversant with volcanic phenomena, can question that 
such events have occurred?) need feel no difficulty in ad¬ 
mitting the testimony of the Indians, or the opinion of 
Humboldt, with respect to the fact of a mountain like 
Jorullo having been uplifted bodily from the interior of 
the Earth. 

The active volcanos above enumerated are connected, 
one with the other, hy several which are extinct ; thus 
between Orizaba and Popocatepetl, lies the Collie de 
Perote, and between Popocatepetl and Jorullo. the ex¬ 
tinct volcano of Mexico, otherwise called Izluceiluiatl, 
whilst Colima, as we have seen, lies between Jorullo and 
the Islands of Rivillagigedo above noticed us volcanic. 

In the new Republics of Guutimalu and Nicaragua, 
a line o f volcanos occurs lying parallel, instead of trans¬ 
versely, to the chain of the Cordilleras. Between North 
latitude 10° and 15°, twenty-one active vents are enu¬ 
merated. South of the Isthmus of Durien, in the Re¬ 
public of Columbia, no less than thirteen occur. 

One of these, the Peuk of Tolitna, is in the depart¬ 
ment ofCundinumarca.and (he Province of Bogota, iorty 
leagues from the coast, and amongst the central Andes. 

Seven are in the department of Caitcu, which extends 
aloug the coast of' the Pacific; lour of them belong to the 
group of Popayan, and three to that of Paktos, two Pro¬ 
vinces comprehended in that department; whilst further 
South, in (lie Province of Pichiuca, or Quito, he longing 
to the department of the Equator, are five nctive volcanos. 

The connection between these last, und the volcanos 
of the department first mentioned, yvas evinced in 1797 
by the following circumstance. 

A dense column of smoke had for some months been 
observed to issue from the volcano of Pasto in the latter 
Province, which all ut once disappeared ; and it was after¬ 
wards found, that at this exact time the town of Rio- 
bomba, sixty-five leagues further Soutli in the Province 
of Pichinca, which lay contiguous to the volcano of 
Tunguragua, was destroyed by a fearful earthquake. 

It is remarkable that the whole of this line of vol¬ 
canos lies Westward of the Andes. To the East of 
this chain exist, indeed, three small vents near the 
sources of the River Caquelo, Napo, and Morena ; but 
these, according to Humboldt, probably result from the 
lateral action of those of Popayan and Pasto, whilst 
Buenos Ayres, Brazil, Guayana, and Venezuela are 
altogether destitute of these phenomena. 
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South America. 

On the Western side of the Cordilleras, however, the 
line of volcanic operations would seem to extend unin¬ 
terruptedly along- the whole coast to Chili; for although 
in the interval of 30 degrees that occurs between the latter 
Republic and Quito only one burning mountain exists, 
that of Arcquipa in Peru, yet it seems probable, from 
the frequent earthquakes that agitate the intermediate 
tract, that the same processes are going on beneath, 
although no permanent vent exist for the discharge of 
elastic vapours. 

In Chili, sixteen active volcauos are enumerated, of 
which two only exist on the coast, the rest being situated 
in the midst of the range of mountains, which runs in 
a direction nearly parallel to it, but further inland. Thus 
wu may trace a line of volcanic operations along the 
greater part at least of the Western coast of South Ame¬ 
rica, the loftiest eminences being of trachyte, which en¬ 
circles in zones a large portion of the table land, but 
rarely extends into the valleys, forming conical moun¬ 
tains, which often serve as vents for the aeriform or 
solid materials elaliorated below, but at other times are 
unaccompanied with lava streams or scoria?, and appa¬ 
rently have no vestige of any crater. 

The latter appears to be the case with Chimborazo, 
the highest point of the New World, whilst Cotopaxi, 
the next in point of elevation, has given birth to frequent 
and violent eruptions 


Section 2. 

Other Phenomena referable to volcanic action. 


We have now completed our proposed sketch of the 
distribution of those volcanos, which either aro in acti¬ 
vity at the present time, or, if dormant, have at least left 
such evident truces of tlnjir former existence, in Unfrocks 
which they have ejected, or the lava currents which they 
have poured forth, that we cannot hesitate in regarding 
their operations, as being of the same nature, and brought 
about under the same external circumstances, us those of 
which we are eye-witnesses. 

Wide indeed as may be the interval, in an historical 
sense, between ccrtuiu of these, as, for instance, between 
the latest eruption even of the volcanos of Auvergne, and 
the earliest recorded one of Vesuvius; yet tlje whole to¬ 
gether constitutes the same Geological epoch, one in 
which the general features of the country were nearly as 
nt present, the climate not materially different, and the 
races rtf animals those which are now existing. 

And although the earlier volcanic rocks, found in these 
Countries, were produced at a period to which these re¬ 
marks do not apply, one in which large fresh-water, and 
in some instances salt-water, lakes occupied whut is now 
dry land, when the climate was warmer, and the auimals 
in many cases such as now no longer live in any part of 
the Globe ; yet are these so connected in character and 
position with the more modem products of volcanos 
alluded to, that we need not hesitate, either to refer them 
to the same cause, or to comprehend them in our enu¬ 
meration. 

The case of the trap rocks is somewhat different; for 
though few at present contend that they are of aqueous 
origin, all must admit, that if produced by volcanic ac¬ 
tion, it has been by operations differing in some respects 
from those at present taking place, either in their 
own nature, or in the external circumstances which 
influenced them; so that in laying the foundation for a 
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series of deductions with respect to the nature and 
effects of subterranean fire, where it may be best lo throw 
aside every thing of an hypothetical character, and to 
consider only that which is incontestably volcanic, we 
should do wrong in taking into the account these igneous 
productions of an earlier Age. 

Nevertheless there are certain other phenomena which 
must be contemplated, if we wish locstiinnte the amount 
of volcanic action in all its different phases. 

Earthquake *. 

The first of these is earthquakes, which may be proved 
on tolerably secure grounds to have, in all cases, a con¬ 
nection more or less intimate with volcanic agency, and 
ought therefore lo be regarded as one of the modes, in 
which these forces manifest their existence over the 
Earth's surface at the present day. 

In some instances, indeed, earthquakes have occurred 
so immediately antecedent upon volcanic eruptions, and 
are so manifestly derived from the same centre of action, 
that no better proof could be offered to establish an iden¬ 
tity of origin. 

In other cases, the evidence, though not quite so di¬ 
rect, is perhaps as cogent as need be required, in order 
to substantiate the point in question. When, for instance, 
we observe two volcanic districts, both subject to earth¬ 
quakes, which arc ascertained, by their coincidence in 
time and other circumstances, to have a connection with 
the volcuuic action there going on, aud find that an 
intermediate country, in which there arc no traces of the 
operation of fire, is ogituted by subterraneous convul¬ 
sions, similar in kind, but stronger in degree, than those 
occurring- in the immediate vicinity of the volcanos; have 
we not reason to conclude, that the same action extends 
throughout the whole of the above area, and that it is 
this which produces in the intermediate space the effects 
alluded to, which are often the more violent from the 
absence of any natural outlet, whence the elastic va¬ 
pours set in motion, which immediately suggest them¬ 
selves to us as the cause of (he convulsions experienced, 
could find a clunmaj of escape? 

Now, in proof of the former of these positions, it may 
be scarcely necessary to do more than to appeal to the 
case of Etna and Vesuvius, which rarely return to a 
state of activity after an interval of repose, without some 
antecedent earthquake, the latter usually c-cnsing, so 
soon as the volcano has once established for itself a vent, 
whereby these elastic vapours can discharge themselves. 
Such was the case before the celebrated eruption of a. d. 
79, in Campania, as well as in that of Etna in 1537, 
when, says Fazzello, noises were heard and shocks ex¬ 
perienced over the most distant parts of Sieily. In such 
cases, no one would pretend to doubt the connection 
between the volcano and the earthquake. 

"The second point seems established, by considering 
the tremendous earthquakes which ravage so often Cam¬ 
pania, and those mentioned by Humboldt ns intervening 
between and in the line of the volcanos, of Columbia, 
Quito, and Chili. Von Buch lias shown, in his paper on 
Lanzerote, the comparative immunity enjoyed by Tene- 
riffe from those convulsions of Nature, which agitate the 
neighbouring Islands, destitute of that great chimney or 
safety-valve afforded it by the Peak of Teyde. 

But before we are entitled to appeal to earthquakes, U 
affording an independent source of evidence with re¬ 
spect to the existence of volcanic action, it will be neces¬ 
sary to show, that no other natural cause is likely to 
• 5 c 
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Geology, have produced such effects, more especially as even 
Ch. III. those who admit their volcanic origin in the above 
cases, have, nevertheless, been disposed to assign to 
them u different origin in others. Such a distinction 
seems to be hinted at by Werner, who acknowledged 
two classes of earthquakes: the first connected with 
a particular volcano, and felt only within a radius 
of some miles from it, and at a period when the latter 
was in n state of activity; the latter less manifestly re¬ 
lated to any such cause, being spread over a much 
larger tract of country, and, therefore, as he conceived, 
situated at a much greater depth. 

Tkdr Phenomena. 

This renders it necessary for ns to pass in review the 
phenomena most commonly attendant upon earthquakes, 
in order to ascertain, how far they appear to countenance 
the supposition, that other causes, besides those of a 
volcanic nature, might have contributed to produce them. 

It would greatly confirm such an opinion, if it could 
be shown, that there were any phenomena common in 
one class of volcanos, which were absent from, or un¬ 
common in, the other; but as no one has attempted 
to make such a distinction, all that remains to be done 
is to consider generally the concomitants or sequelae of 
eurthquakes, with a view of ascertaining, how far they 
are reconcilable to any other than a volcanic cause. 

None of these, indeed, can be considered as universal: 
tints in some earthquakes the shock consists in an hori¬ 
zontal wavy motion ; in others in an upward heaving; 
and in a third class in a vibration backwards and 
forwards. 

There is usually a sort of subterranean noise attending 
them, which' has been compared to thunder, or the rolling 
of artillery, but this is not constantly present; and on 
the other hand the noise has been heard without any 
concomitant earthquake. A peculiar smell of a sulphure¬ 
ous nature has been occasionally experienced, and other 
phenomena, such as the bursting out of flames from the 
curth, the overflowing of wells, tl.j| ejection of water 
from Assures formed at the time, are noted in particular 
cases. 

The following may be enumerated as the meteorolo¬ 
gical phenomena usually coincident with earthquakes. 

Irregularities in the season preceding or following 
tiie shocks, sudden gmt9 of wind interrupted by dead 
calms, violent rains at period, where such phenomena 
arc unusual or unknown in the country; a reddening 
of the Sun's disk, and n haziness in the air often con¬ 
tinued for months; an evolution of electric matter from 
the ground, together with indications of some extraordi¬ 
nary condition of the ntmosphere, evinced both by the 
inferior animals and by man, the former uttering cries 
of distress, and evincing extraordinary alarm, the latter 
experiencing a sensation like sen-sickncBs or dizziness in 
the head. These phenomena, however, appear to be 
equally common during the continuance of volcanic 
eruptions, ns of earthquakes, and indicate in both cases 
the tendency of any great subterranean movement, pro¬ 
ceeding from whatever cause, to disturb the equilibrium 
of the atmosphere. 

Th e only other hypotheses, by which earthquakes have 
been accounted for, are, that of Stukeley, who refers 
them to subterranean discharges of electricity, and that 
of Button, who at tributes them to the falling in of caverns 
existing in the interior of the Globe. 


L O G X- 

The arguments that have been from time to time ad- Geology, 
vanced in favour of the electrical theory are vague and Ch. 11 i. 
inconclusive ; they are drawn from some fanciful anaio 
gies between the noise and shock accompanying light¬ 
ning, and those whicli are experienced during an earth¬ 
quake ; from the extreme rapidity with which the motion 
is propagated, to which the passage of electricity alone is 
comparable; from the electrical state of the atmosphere 
both before and after an earthquake; and from the sul¬ 
phureous smell sometimes perceived, which is thought 
to resemble that produced by the electrical spark. 

No one, however, has yet attempted to show, that any 
of the above phenomena are limited to those earthquakes 
which they are disposed to separate from volcanos, 
neither do they appear by any means incompatible with 
this view of their nature and origin. 

Electrical phenomena are indeed equally common 
during the continuance of volcanic eruptions, produced 
in all probability by the evolution of large quantities of 
steam and other elastic fluids, the decomposition and 
subsequent regeneration of water, and other processes 
which accompany these great operations of Nature. 

The late discoveries, indeed, which have been made 
with regard to the opposite electrical condition of mine¬ 
ral veins and the rocks containing them, may lead us to 
believe, that much remains to be learned with regard to 
the agency of this mysterious power in the interior of 
the Earth; yet we can hardly believe, that in the solid 
strata of the Globe, consisting, as they do, of conductors, 
the same accumulation of electricity can ever occur, as 
that wiiich produces the phenomena of tii under and 
lightning in the atmosphere. 

With regard to the theory of Buffon, it may be suffi¬ 
cient to observe, that the existence of cavities in rocks 
can only be supposed to arise from two causes; some¬ 
thing connected, either with their originul formation, as 
in the case of limestones, or with the convulsions that 
have subsequently affected them. 

Now with regard to the Jirsl, it is highly improbable, 
that any great spontaneous sinking of hollows, that have 
existed for so long a period, should take place in the pre¬ 
sent day ; and with respect to the second, the very exist¬ 
ence of such hollows implies the previous exertion of 
volcanic agency, for we know of no other cause in nature, 
competent to heave up rocks in the munner necessary to 
produce su£h cavities. 

Besides, although the sudden falling in of a cavity 
might produce a shock extending over a considerable 
area,yet there is no reason, why it should spread-in one 
direction more than in another. „ 

In truth, however, the chief difficulty, which prevented 
our predecessors from acting in this instance on the 
sound maxim in philosophy, of not assuming more 
causes for natural effects than were necessary for explain¬ 
ing the phenomena, has been removed by the progress 
of modern discovery, which, by increasing our knowledge 
of volcanos, has convinced us, that whilst their manifest 
distribution is far more extended than we had once sup¬ 
posed, the probable indications of their former agency 
are to be met with, in almost every part of the Globe 
where earthquakes have been experienced. 

This, of course, renders it more easy to refer earth¬ 
quakes in general to some focus or other of volcanic 
operations; especially if we assume, what in itself is 
highly probable, that the eruptions of burning moun¬ 
tains are only the extreme manifestations of a cause ge¬ 
nerally diffused throughout Nature, and that the minor 
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Geology indications of tbe same may therefore be looked for, 
Ch. 111. where these mightier ones are unknown. 

11 has, indeed, been sometimes alleged, that from the 
wine extent over which the shock of an earthquake is 
sometimes diffused, the immediate seat of the action 
must be at a depth incalculably greater, than that which 
we are disposed to assign, either to volcanos, or any 
other natural force; and Dr. Stukeley has undertaken 
to overthrow the voleauie hypothesis by a sort of rrduc- 
tio ad absurdum derived from a calculation of this kind ; 
showing, that as the earthquake which occurred in Asia 
Minor in a. d. 17 extended over a diameter of S00 
miles, it must have proceeded from a point 200 miles 
beneath the surface. The superficial extent, however, 
of earthquakes need uoi create a difficulty in the present 
day, when wc are aware of the vast distances to which 
sound and other vibratory motions may be propagated 
along the substance of solid bodies, and are therefore at 
liberty to consider the minor effects of an earthquake, to 
be merely the undulations of the principal shock, propa¬ 
gated laterally through the strata of the Earth. 

Guy Lussac observes, that the shock produced by the 
head of a pin at one of the ends of n long beam is dis¬ 
tinctly transmitted to the other extremity, and thence 
infers the vast distances, to which that communicated by 
elastic vapours, suddenly generated, and struggling for 
escape, might be expected to extend. 

This consideration, whilst it renders iis cautious as to 
inferring the existence of volcanic uctiou in every spot 
where earthquakes are experienced, will enable us to 
reconcile their phenomena with the more moderate depth, 
which we are induced from other reasons to assign to 
volcanos themselves. 

Upon the whole, then, we are disposed to regard 
earthquakes as exclusively of volcanic origin, and con¬ 
sequently to appeal to them, as indicating, in the parts 
where they manifest themselves in their greatest intensity, 
the operation of subterranean fire, regarding the minor 
shocks as mere undulations of the strata, occasioned by 
the primary impulse communicated. 

Thermal JVatert. 

Another class of phenomena, which, like earthquakes, 
are manifestly connected with volcanos in some instances, 
but may appear of doubtful origin in others, are hot 
springs ; but we confidently expect, that a brief review 
of the nature of their contents, of the situations in which 
they are found, and of other circumstances belonging 
to th£m, will lead to the same conclusion, to which we 
arrived in the former instance. 

The solid contents of thermal waters, being obviously 
derived in most instances from the rocks through which 
they have percolated, afford little either to confirm or to 
refute this opinion; bat the gases which accompany 
them are plainly to be traced to the immediate source of 
the heat, and are given off by the processes to which 
the latter must be referred. 

The Gam given out by them. 

Now if it should appear, that the same aeriform fluids 
are evolved from hot springs, which appear to be emit¬ 
ted by volcanos, a presumption will arise highly favour¬ 
able to an identity iu their respective origins, which will 
obtain a greater degree of force, in proportion as the 
gases are generated less commonly by other natural 
processes. 


Thus Rulpiiurettcd hydrogen is an ordinary neenmpa- Geology, 
ninicut both of volcanos and of thermal waters; but the Vh. If*, 
argument drawn from its presence is weak, because the v 
same gas often occurs in springs possessing only the 
medium temperature, as the effect of processes totally un¬ 
connected with volcanic operations. 

The same remark applies to the carbonic acid so fre¬ 
quently present in springs, in a proportion exceeding that 
in which it would be imparled to them hy the atmo¬ 
sphere. 

Its frequent connection with volcanos is unquestion¬ 
able, for there arc scarcely any, that do not evolve it, 
either alone, or through the medium of the springs con¬ 
tiguous ; but asauycau.se, which was adequate to impart 
heat to the water, might equally produce an evolution 
of curbonic acid from calcareous and oilier rocks which 
contuiucd this ingredient, the proof in theubove instance 
is not stronger than it would be without it. 

lint there is a third description of air evolved from 
springs, the presence of which scents better calculated to 
establish their connection with volcanos, since, unlike the 
first, it is disengaged in a state of purity hy no other 
known process going on in the interior of the Globe, 
aud unlike, the luttcr, cannot be accounted for, in ninny 
instances at least, by the mere action of heat on any of 
the constituents of the surrounding rock formations. 

The gas alluded to is nitrogen, which was detected by 
Sir H. Davy in the white vapour given oil' by Vesuvius 
after its eruption in 1819, mixed with only half its usual 
quantity of oxygen, aud by his brother Dr. John Duvy 
in one sample of gas which he collected near the new 
volcanic Island off Sicily. Its existeuce, however, in vol¬ 
canos is more fully substantiated hy the ainmoniucal 
salts copiously evolved by many of them ; and it is 
given off from springs, which so manifestly derive 
their temperature from their contiguity to the latter, 
that we can scurccly help placing this gas amongst the 
commonest products of volcanos, during the more lan¬ 
guid conditions of their action. Thus it has lieen ob¬ 
served by a recent chemist, proceeding in large quan¬ 
tities from a sprinuyil Casteilamare, in the Day of Naples ; 
by Professor DatKny, mixed with a predominant por¬ 
tion of carbonic acid, in tbe bot springs of Mont. Dor aud 
Bourboule iu Auvergne, and in those of Chaudesnigucs 
in Cantal; and by M. Lnngcliamp at Vichy: all places, 
be it observed, so connected with the extinct volcanos of 
Auvergne, that the heat of the springs must, iu these in¬ 
stances at least, be referred to u volcanic source. 

Now the gas evolved from the thermal waters of the 
Alps, however distant they tnay he from volcanos in 
action during the present condition of the surface, seems 
to be generally of the same description; the carbonic 
acid, wiiich may probably have uccompauied it, being iu 
these cases absorbed by the water through which it hud 
to pass. 

Thus Professor Daubeny discovered it on the Savoy 
side of that chain, issuing in large quantities from the 
spring of St. tiervais ; and on the Italian side, from 
those of Sainte Marguerite at Cormayeur, of St, Didier 
in the same valley, and of Bonncval in the Tarantuise, 
half-way between the Bourg St. Maurice and the Col 
de Bonhomme. In only one of these springs did car¬ 
bonic acid appear to be present, and in this case it 
amounted to about 12 tier cent, of the whole quantity 
emitted. 

Dr. Urc also mentions his having detected azote 
issuing in a state of purity from the baths of Loueche iu 
5 c 2 
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Swisscrland. In this Country, the same gas has long 
ago been detected in the thermal waters of Hath and 
Buxton; ami more recently it haa been found by Professor 
Dauheny in those of Hakewell and Sloney Middleton in 
Derbyshire, and that of Taafe’s Well in South Wales. 

In other portions of the Globe the same gas has been 
noticed in the thermal waters there met with. Thus I)r. 
Davy detected it in a state of absolute purity issuing 
from certain warm springs near Trincoinniee in Ceylon, 
and Boussingault and llivcro in certain ones occurring 
in the primitive chain of the Cordilleras in Venezuela. 
(Annalcx dr Chimie, vol. xxiii.) It is remarkable, how¬ 
ever, that W. Boussingault bus since examined certain 
hot springs in immediate connection with the volcanos of 
£quinoctial America, and finds them to give out no azote. 

The (|iiiiiitity of this gns emitted in a given time is 
often very remarkable ; but the only attempt to obtain a 
correct estimate of its amount, with which we are ac¬ 
quainted, is that by Professor Daubeny, with respect to 
the thermal waters of Bath, detailed in a Memoir read 
before the Royal Society in December, 1883. 

It appears, from an average of twenty-four obser¬ 
vations made on different days of September and Oc¬ 
tober in that year, that the quantity of gas emitted per 
minute from the King's bath alone was 267 cubic 
inches, or about 222 cubic feet in the twenty-four hours. 
This consisted of about 97 per cent, of nitrogen, and 3 
per cent, of oxygen. There was also found a quantity 
of carbonic acid, varying from 4-J to 13 per cent. 

The quantity of gas emitted difTercd a little from day 
to day, but the variation did not appear to depend upon 
the state of the barometer or other atmospheric changes. 

Thrrmal Waters.—Their Situation. 

The situation of many hot springs tends also strongly 
to confirm their relation to earthquakes and other phy¬ 
sical convulsions, thus connecting them with the same 
series of natural phenomena. ' 

Where not placed in the vicinity of active or extinct 
volcanos, (which is the case with tW,greater number,) 
some evidence of violence, some reTOing or dislocation 
of the contiguous rocks, may often be perceived. Thus 
they abound near the base of certain chains of moun¬ 
tains, which, in their highly inclined strata, give evi¬ 
dence of having been heaved upwards, but are compa¬ 
ratively rare in the low country, at a distance from those 
great centres of elevation, where the nature and position 
of the rocks indicate no changes, excepting those which 
may have been brought about, either by the sudden and 
violent, or the slow and continued, action of water. 

If, ns in England, thermal waters also occur at a 
distance from any of the great systems of elevation 
alluded to, it will generally be found, that the spots 
themselves exhibit proofs of violent, though more local, 
convulsions having, at some period or other, taken place 
in their vicinity. 

For instances of this kind, derived from oilier Coun¬ 
tries, we may refer to Professor Daubeny's Memoir on 
Thermal Wuters ;* on the present occasion, want of space 
compels us to confine ourselves, to one or two foots 
drawn from the Geology of England. 

Thus the defile, from which issues the tepid spring of 
St. Vincent's llocks, near Clifton, is considered by the 
best observers as the result of some internal derangc- 


* Edinburgh New Philosophical Journal, Oct. 1831. 


ment of the strata, brought about by disturbing causes 
of great antiquity; and in like manner, the similar gorge 
at Matlock, out of which its tepid springs issue, is 
associated with a great dislocation of the strata, attri¬ 
butable to their having been tilted upwards at an high 
angle to the West.* 

The same fault has been traced by Mr. Farey as far as 
Buxton, and from thence to the villages of North 
Bradwell and Stoney Middleton, in all which places 
have been noticed springs, posscssingatemperature more 
or less elevated above the medium point of that climate. 

We must not, indeed, expect to meet with the same 
direct evidence, in tile case of every hat spring that 
comes under our examination. At Bath, we know of 
no dislocations in the strata posterior to the age of 
the coal and mountain limestone, and it would, per¬ 
haps, be rash to connect these with the cause of the 
thermal waters there existing. Nevertheless, when we 
consider, in how very large a proportion of cases some 
indication of an igneous character may be traced, the 
absence of proof in the few remaining ones may, per¬ 
haps, be fairly referred to the imperfection of our know¬ 
ledge. 

The volcanic nature of thermal waters is likewise 
confirmed, by the relation which seems to suhsist in 
general between the elevation of their temperature, and 
the date, which wc should be induced from other con¬ 
siderations to ussign, to the latest manifestations of vol¬ 
canic agency in the country. 

Thus, those which make the nearest approach to the 
boiling point of water, are uniformly found amongst 
volcanos now in action ; next in the order of tempera¬ 
ture arc those associated with volcanos, which, though 
now extinct, appear to have existed at a period, Geo¬ 
logically speaking, recent, that is, at a time when the 
great features of the country were nearly as at present; 
whilst the springs, which gush out at the foot, or in the 
midst, of uplifted chains of mountains, at a distance from 
those rocks which are generally regarded as volcanic, 
never possess a temperature so elevated, as the two pre¬ 
ceding classes of thermal waters sometimes attain to. 

Now, if these latter were really produced by other 
causes than volcanos, it does not seem intelligible, xvhy 
they should, in all cases, observe that lower degree of 
heat, which indicates, either a cause of less intensity, or 
one whose effects have been moderated by a longer in¬ 
tervening space of time. 

Lastly, tiie other solutions of the heat of springs 
appear on examination totally inadequate to account for 
their phenomena. In the case of the Bath waters, indeed, 
the wnrmth has been attributed to the decomposition 
of pyrites, in which the lias clay, from whence it issues, 
abounds; but to this it may be objected, that the same 
stratum, though equally charged throughout with this 
mineral, nowhere else throws out springs possessing 
more than the medium temperature; and yet, the sul¬ 
phuretted hydrogen, which the latter so frequently con¬ 
tain, shows a decomposition of pyrites to be going on 
in several other places. Besides, it is remarkable, that 
thermal waters, far from being impregnated with those 
saline ingredients, which would naturally enter into 


* A striking instance of the same kind, taken from the Pyrenees^ 
is exhibited in pi. v. fig. 8. at a place called St. Paul de Fenouil- 
hodes, Den. des Pyrdndes Orientates. We there see a thermal 
spring gush out from a narrow gorge in an elsewhere continuous line 
of hills, the strata ofwhieh lose their borisontality and sink abruptly 
on both sides towards the fissure. 
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Geology, their constitution, if they were caused by the heat gene- 
Ch. III. rated in consequence of such chemical processes taking 
■* place in the interior of the Earth, are, on the contrary, 
in tile great majority of instances, remarkably free from 
foreign matter. Thus the Bath waters contain not a 
particle of the sulphuretted hydrogen, or sulphate of 
iron, which would have arisen from the decomposition 
of pyrites ; and the mineral contents of those connected 
with primitive chains, such as the Alps or Pyrenees, 
although obviously referable to the action of water, 
assisted by heat and pressure, upon fel spathic rocks, are 
far from suggesting any distinct chemical operation, by 
which this lieat could have been elicited. 

Upon the whole, without pretending, that the evi¬ 
dence in the case of thermal waters is so conclusive as 
in that of earthquakes, or denying, that there may be 
instances, in which springs have acquired an extraordi¬ 
nary temperature from local causes of a different kind, 
we hold, that their existence affords a strong indication 
of subterranean processes similar to those, which, on a 
more extended scale, gave rise to earthquakes, especially 
wherever we observe such a continuous and coutiecled 
range of them to occur, as that which we find encir¬ 
cling the base of particular chains of primitive mountains, 
or associated with certain leading systems of elevation. 

Evolution of Carbonic Acid. 

There is yet another natural phenomenon closely 
connected with the subject of thermal waters, which 
remains to be considered—we mean the evolution of 
carbonic acid from the interior of the Earth, either alone, 
or accompanying certain springs. 

The relation of this to volcanic processes may be 
established by a similar line of argument to that we 
have pursued in the former instance, namely, by pointing 
out its frequent occurrence, in conjunction with thermal 
waters, and in situations which have undergone certain 
physical convulsions. 

Thus the same country, which throws out warm 
springs at a low level, and at a point more contiguous 
to the supposed focus of the volcanic action, affords cold 
carbonated ones at a higher level, or at a point more 
remote. The hot springs of Eins and Wiesbaden, for 
instance, arc found near the base of the Taunus moun¬ 
tains, whilst the cold effervescing ones of*Bchwalhach 
and Pochingen occur higher up in the same chain; 
thus, too, the same district which gives rise to the ther¬ 
mal waters of Aix la Chapellc, furnishes the chalybcates 
of Spa near the summit of the hills above. The con¬ 
nection of carbonated springs with faults may be ob¬ 
served in Derbyshire and Yorkshire, but it lias been 
more satisfactorily traced in Germany, where they have 
been found to issue from what have been termed circular 
valleys of elevation ; that is to say, valleys which are, or 
appear at one time to have been, enclosed by escarp¬ 
ments, the strata dipping away in all directions from the 
centre towards tile circumference. Several valleys in 
Westphalia exhibit this remarkable structure, and none 
more strikingly than that, in which the cold chalybeate 
of Pyrmont is situated. In this instance the rocks are 
composed of the variegated sandstone, the muschelkalk 
limestone, and the keuper, which are seen overlapping 
in the hills bounding the valley, but dipping in opposite 
directions on opposite sides of it, so as to present every 
where escarpments fronting each other. (See pi. v. fig. 
7.) From the bottom of the valley carbonic acid is 


constantly issuing in large quantities, impregnating Gtola 
the springs of water, mid accumulating in dry pits and (X 1 
caverns. The valley of l)rj burg, and other spots in 
the same country, noted for the occurrence of cold car¬ 
bonated springs, exhibit a similar conformation in their 
strata. 

Ruilman, :n his description of Wiesbaden, remarks, 
that in the neighbourhood of the carbonated springs 
which so abound in (he Duchy of Nassau, the rocks arc 
subject to remarkable changes in their dips, to saddle- 
shaped stratification, and to fractures. The character 
of the rock is also frequently more friable near the 
minerul springs. 

Professor Bucklund, in his Memoir on Valley*of Ele¬ 
vation, published in the Transactions of the (iiuliufical 
Society, had previously pointed out the occurrence of 
such valleys in England ; and it may be worth remark¬ 
ing, though as an isolated fact, perhaps, not of much 
weight, that the most important of ourciuriybeutes, thut 
of Tunbridge, is (blind in this kind of situation. 

Now the relative position of the strutu in these valleys 
just as obviously suggests the idea of their having Itecn 
affected by some convulsion of Nature, as the highly 
inclined rooks of Alpine Countries ; and it is impossible 
to conceive, either that they could have been deposited 
in the first instance at so high an angle, and with such 
a variety of dips, or that there should have been such 
a coincidence between the elevation of their escarpments 
on the opposite sides of the valley, if the beds had not 
once been in continuity. 

It may be inquired, whether even those accumulations 
of carbonic acid, which take place so frequently iu 
neglected mines and wells, and which have imposed 
the necessary precaution of letting down a light before 
we venture to descend into them, may not be owing to 
a slow evolution of this gas from fissures beneath, in 
which case a volcanic uction may be assigned, as, at 
least, its most probable cause; the law of the rapid dif¬ 
fusion of all gases through the utmospherc precludes 
the possibility of attributing it to a mere separation of 
carbonic acid, in consequence of its greater specific 
gravity, from the dfher constituents of the atmosphere ; 
and the same cause would quickly dissipate it, even if it 
were given out by the decomposition of organic matters. 

Nevertheless, before we allow ourselves to udopt this 
opinion, it will be necessary to ascertain, first, whether 
in these cases any local cutises for (lie production of 
carbonic arid exist; and, secondly, whether its further 
generation might, in these cases, he prevented by 
covering the bottom and sides of the pit with some 
coating impermeable to air. 

Mud Volcanos or Salses. 

With regard to those emanations of gas and vapour, 
which occur iu certain Countries, accompanied with 
eruptions of mud and petroleum, we must withhold 
our assent to the vulgar opinion, which attributes them 
to volcanic action, as the name of mud volcanos, by 
which they are usually designated, seems to imply. 

That they arc often connected with (hem, wc arc not, 
indeed, disposed to deny, hut they appear to be so only 
in the relation of an effect, produced by the presence of 
inflammable materials, brought together by the opera¬ 
tions of some pre-existing volcano. 

That the process itself is distinct from that which 
takes place iu the latter, is evident, front considering that 
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(irolinry. in every case in which it lias been examined, the seat of 
<;h. lit. (he action is found to be quite superficial, and to reside 
in a stratum of very recent origin, known to be strongly 
impregnated with sulphur and petroleum. Such is the 
case at Mucaluba near Oirgenti, in Sicily, where the 
mud volcanos, as they am called, lie quite detached from 
the true volcanic phenomena of Etna or of the Val di 
Nolo, and seem manifestly dependent on the combustion 
of the sulphur, which exists in the rock in such quanti¬ 
ties as to supply all Europe with that material. 

The same is likewise the case with the “ Salses,” or 
mud volcanos of Modena, which lie at a distance from 
every genuine burning mouutain ; and, according to 
Humboldt, with those of New Andalusia and the Island 
of Trinidad. The phenomena exhibited by those in 
Sicily, and amongst the Subapennine Hills, are in 
general of a very insignificant kind, consisting of a mere 
evolution of water mixed with mud and bitumen in con¬ 
sequence of the disengagement of gas, apparently con¬ 
sisting of carbonic acid and carburetted hydrogen, from 
little circular orifices on the summit of the hill. Ordinarily, 
nothing but a bubbling up of gas from the interior of 
these craters is to be observed; but it is said, that there 
are times, at which the process bus been known to goon 
witli considerable energy, for the inud has been thrown 
up in Sicily to the height of 200 feet, accompanied with 
a strong odour of sulphur. 

In the little Island of Taman, which connects the 
chain of mountains traversing the Peninsula of Crimea 
with the Asiatic Continent, the process in question seems 
to be proceeding on a more extensive scale. Pallas 
represents occasional eruptions as taking place from 
certain crevices in the rocks of this Island, which began 
with a thick smoke, followed by a column of flame fifty 
feet in height, which continued in one instance for eight 
hours and a half incessantly, during which time streams 
of mud flowed in all directions, but no lava or altered 
masses of stone were ejected. The accounts given by 
Mr. Heber, in his Manuscript Journal attached to Dr. 
Clarke’s Travels, fully confirm this view, and render it 
highly probable, that the phenomenon is altogether ana¬ 
logous to that of Macaluba in Sicily, and of the Salses 
near Modena- 

Assuming, therefore, these latter as the best types we 
possess of mud volcanos, and reasoning from them to 
the rest, it will probably appear, that all the phenomena 
they exhibit will admit of explanation from the mutual 
uction of certain substances, originally accumulated in 
submarine solfataras by antecedent volcanic processes, 
the result of which would be the extrication of carbonic 
acid, and of an inflammable gas arising from the slow 
distillation of bituminous matters, together with the rise 
of water, tiirough the channels originally established by 
the gases discharging themselves upwards. That vol¬ 
canic action is not necessarily the cause, is shown by 
finding a similar phenomenon described as occurring in 
the Western States of Ohio, where it seems quite un¬ 
connected with any such cause. 

In this spot the salt springs, which so abound, are 
found to be constantly giving rise to an evolution of 
carburetted hydrogen gas, accompanied with much pe¬ 
troleum. -The jets of gas are sometimes so forcible, as 
to throw the water entirely out of the spring. 

There seems, therefore, no necessary connection be¬ 
tween 6uch phenomena and our present subject, and their 
more frequent occurrence in rocks which lie in toe neigh¬ 
bourhood of volcanos may be readily accounted for, by 


the tendency of the latter to bring together materials Geology, 
proper for carrying on such oiierations. Ch. 111. 

Emanations of Inflammable Gas. 

Still less are we disposed to attribute to a volcanic 
cause the emanations ot inflammable gas, which are oc¬ 
casionally seen issuing from the crevices of rocks, in a 
continued, aud, according to our limited notions of time, 
an unfailing current. 

The evolution of carburetted hydrogen from the cracks 
and crevices of coal mines, enables us to conceive, by 
what natural processes such a phenomenon may be ac¬ 
counted for, aud tiie recent discoveries, with respect to 
the liquefaction of the gases, render the regular aud last¬ 
ing discharge of such a stream of elastic matter more 
intelligible. Now the phenomenon in question, when 
divested of the marvellous, reduces itself simply to this, for 
it is a mistake to imagine, that the flame is sell-kindled, 
at least in the instances that have been well examined, 
although, when the gas is once set on fire, the supply is 
sufficiently regular to keep up a continued combustion. 

The most noted instances of this phenomenon are at 
the Pietra Mala, on the summit of the Apennines, be¬ 
tween Bologna and Florence; at a place called St. Bar- 
thelemi, near Grenoble ;* and in the Chimariot mountains 
in Albania, where it is probable that it has continued 
for the last 2000 years, lor many ancient writers speak 
of a Nymphcum on the coast of modern Albania, near 
Apollonia, celebrated for the flames that rose continually 
from it, and Dodwell's authority establishes the exist¬ 
ence of the same at the present duy in that country. 

It is probable, that the phenomena which occur at 
Baku on the Western side of the Caspian, where the 
soil is strongly impregnated with petroleum, are con¬ 
nected with these last-mentioned causes, rather than 
with those of genuine volcanos. 

There is indeed a report given of an eruption, which 
took place ill that Province in the year 1827, but from 
the description it would seem to amount to nothing 
more, than a combustion of bituminous matters ou u 
larger scale than usual. It is said, that a vast column 
of fire rose to an extraordinary height, maintaining itself 
at the same for three hours, after which it gradually di¬ 
minished to twenty inches; the fire extended itself over 
a tract of ground 1300 by 1000 feet in diameter. At 
the time of ‘the first eruption red-hot stones and volumes 
of water were ejected. No appearance of a crater was 
to be perceived, but the spot, whence the column of flame 
rose, was elevated about two feet above the general level 
of the plain. The surrounding, tract resembles a 
ploughed field, and is covered with a variety of anoma¬ 
lous products of heat. There are, however, no ejec¬ 
tions of water, nor any of those sulphureous exhalations, 
which are commonly met with in such cases, as at Maca¬ 
luba, and in the other so called mud volcanos. 

Section 3. 

Theories of Volcanic Operations considered. 

The phenomena, therefore, to which we feel warranted 
in appealing, as indications of igneous action going on 

* The writer of this Article visited this spot in 1830, and found 
that the flame rekindled when merely blown out, but that it could 
be extinguished by throwing water over it several successive time*. 

The gas was collected and burnt, and water and carbonic acid worn 
the remits. * 
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Geology, in the interior of the Globe, are those of volcanos, earth- 
t'h. 111. quakes, thermal waters, and emissions of carbonic acid 
■"“■v gas ; and in order to estimate the amount of the changes 
that may have been brought about on the crust of the 
Earth by their united operation, it will be necessary to 
inquire with respect to the probuble cause of these internal 
commotions, as a clew not only to guide us concerning 
their present action, but likewise as to the probability of 
their more or less extended influence in periods that 
have gone by. 

The theories which have been propounded, with the 
view of accounting for the existence of volcanic action, 
may be divided into two classes; those which assume 
some chemical process, of which the heat is merely an 
effect, and those which, assuming the existence of the 
heat, deduce the other phenomena from its presence. 

In the former, in short, the heat is one of the effects; in 
the second, it is the cause of ail the phenomena observed. 

The theories, however, which belong to the former 
of these classes, though agreeing in this one particular, 
that of imagining combustion of some kind to huve 
caused the heat, differ widely as to the material which 
excited it; coal, petroleum, and sulphur, having all at 
times been assumed us the main agent concerned in the 
u-ocess. 

But these substances have been shown, not only to be in 
themselves totally inadequate to explain the phenomena, 
but to be productive, when set on fire, of a train of 
effects altogether different from those of genuine vol¬ 
canos; witness those arising from the accidental burning 
of coal mines in many parts of Great Britain, of masses 
of petroleum, ns at Baku, or of sulphur and bituminous 
matters, as at Mncaluba. 

Accordingly it is now generally admitted, that no pro¬ 
cesses going on near the surface are calculated to pro¬ 
duce the phenomena of volcanos; and Uiut if the latter 
arise from combustion, the materials which occasion it 
must, in part at least, he of a different description from 
the combustibles which exist in a natural state within 
the sphere of our observation, since in order to consume 
oxygen without substituting for it a corresponding 
amount of some gaseous oxide, the products must be 
of a fixed nature, which is not the case in our artificial 
fires. 

Recent discoveries have, however, convinced us, that 
the whole of the crust of the Earth contains principles, 
which in their uncombincd state ure in a high degree 
inflammable, and which, for this very reason, never 
occur»to us, except in union with oxygen. Such are 
the alkalies and earths, which Sir II. Davy has shown 
each to contain a metallic basis, a body capable of 
abstracting oxygen, both from common air and from 
water, and giving rise at the time to a sufficient extri¬ 
cation of light and heat, to constitute a case of genuine 
combustion. There must have been a time, therefore, 
when these substances existed uncombined with oxygen 
even on the surface, and there is no reason to deny, 
that the process of oxygenation may still be incomplete 
at those vast depths, when air and water are admitted 
but slowly, or at distant intervals. 

There seems therefore no d priori absurdity in imagin¬ 
ing, that volcanic action may consist in a process of 
oxygenation, caused, in part at least, by the presence of 
these substances, and all that seems necessary, is to 
ascertain, how far the known phenomena accord with 
such an hypothesis. 

The other class of theories, which assumes the high 
temperature, and then deduces from it the phenomena, 


seems at first sight to have an advantage over the pro- Goo 
ceding one, inasmuch as the existence of an iiilernnl heat Gh. 
may be suid to be in a manner ascertained, whilst that ' 
of the alkaline and earthy metalloids, uncoinbined with 
oxygen, is at'most only probable; and accordingly niuuy 
have been induced to prefer this inode of nccouiiliug 
for the phenomena, as less hypothetical and requiring 
fewer postulates. 

They forget, however, that the existence of un internal 
heat is assumed alike on either supposition, and that the 
true point of dispute is, whether it can best be explained 
by the presence of a melted or ignited mass in the. in¬ 
terior of the Glohe, or by a process of oxygenation 
going on in its constituents. 

Now the only distinct argument in favour of the in¬ 
ternal fluidity of the Globe, is deduced from its figure, 
which has been proved to lie that of all oblate spheroid ; 
a form, it is contended, which could not have lieen im¬ 
parted to it, hud it not been originally in a liquid state, 
aud from thence the advocates of the uIkivc hypothesis 
conceive themselves at liberty to infer lliut it is so at 
present. 

Neither of these projKisitions, however, can be re¬ 
garded as demonstrated. Sir J. E. llerscliel has shown, 
in his Treatise on Astronomy, that the oblate figure 
of the Globe may only have arisen from its long con¬ 
tinued rotation, this being the point to which, under this 
condition, it must lend, and which it would ultimately 
attain, even as its surface is at present constituted. 

Neither, if wc grant the Earth to have been originally 
fluid, is there any direct proof, that it must have con¬ 
tinued so till the present time ; lor the increased temper¬ 
ature observed at the slight depths to which man has 
penetrated below the surface, only proves, that the tem¬ 
perature of the crust is higher than that of its superficies, 
not that it is considerable enough to retain the substances 
of which the interior is made up in a state of fusion. 

Tile proper mode, however, of considering the ques¬ 
tion seems to be, not to lose ourselves in conjectures, ns 
to what may by possibility he the condition of the Globe 
at inaccessible depths, but to pass in review the actual 
phenomena of volcanos, and see, whether we can best de¬ 
duce them, from the mere effects of the protrusion of a 
melted mass of matter, or from a process of combustion, 
originating in materials which may still exist in an uu- 
oxidized state below. 

In order, however, to defermine this, it will be neces¬ 
sary to consider at some length, first, the geographical 
situation of volcanos; secondly, the character of the 
substances evolved by them in a gaseous slate, and of 
the products resulting ; and thirdly, that of the lavus and 
other matters ejected in a solid or liquid condition: from 
whence we shall be led to examine, the depth at which 
volcanic action is seated, and lastly, the mode in which 
the mountains, are built up of materials before considered. 

Geographical Distribution of Volcanos. 

Volcanos are said by Von Bucb, either to occur scat¬ 
tered at certain distances along particular tines of country, 
orelse to be united in clusters around some common centre. 

The former he calls linear, the latter central volca¬ 
nos ; and whilst he regards the linear, as being in general 
produced in the direction of the fissures caused by the 
irneous operations of a former period, over which the 
primary ranges of mountains have been uplieaved, he 
considers the central, as taking place in all kinds of posi¬ 
tions over the Earth’s surface, however much detached 
they may be from any of those leuding systems of eleva- 
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lion, wherever the force which has been set in motion 
by volcanic agency is able to overcome the resistance 
opposed by the superincumbent rocks. In the former case 
the direction taken by the volcanic forces is determined 
by the previous configuration of the country; in the 
latter it takes place without reference to the nature of the 
pre-existing rocks. 

It muy, perhapB, be doubted, whether eveii the central 
volcanos enumerated by Von Buch, may not in some 
instances at least admit of being referred to some com* 
mon system; but there can be no question, that the law 
which he has laid down with regard to the tendency of 
volcanos to burst forth in certain lines of country rather 
than in others, holds good very generally, and that 
many such groups may be enumerated; such as, that 
already pointed out as extending across the Greek Is* 
lands ; (see pi. vi. fig. 5;) that stretching across Mexico, 
(pi. vi. fig. 3;) and still more remarkably the one, which, 
beginning at Barren Island, in the Bay of Bengal, may 
be traced along the Islands of Sumatra and Java, thence 
to the Philippines, and perhaps even to the Kurule 
Islands and to Kamlschatka. (See pi. vi. fig. 4.) The 
linear direction, therefore, of certain volcanic formations 
cannot be doubted ; and the only question is, whether it 
prevails universally, or characterises, as Von Buch con* 
ceives, one particular class only of burning mountains. 

Proximity to the Sea. 

Another remarkable feature in the distribution of vol¬ 
canos is their proximity to the sea; in proof of which it 
may be sufficient to remark, that out of a catalogue 
of no less Ilian 163 active vents enumerated by M. 
Arago as occurring in various parts of the known World, 
all, excepting two or three in different parts of America, 
and about the same number, of which we possess very 
imperfect information, in Central-Asia, arc withiu a short 
distance at least of the Ocean. 

It is even found, tlmt the very excepted cases, when ex¬ 
amined, tend to confirm the rule ; being so situated, that 
their connection, either with the Oceau, or with inland 
seas tlmt may supply its place, becomes a matter of fair 
inference. In proof of this we need only refer to the de¬ 
scriptions we have already given of Jnrullo ; from which 
it appears, that distant as this mountain maybe both from 
the Atlantic and Pacific Oceans, it is nevertheless con¬ 
nected with one or both through the medium of a chain of 
voleauie eminences; (see pi. vi. fig. 8;) and even the vol¬ 
canos of Tartary, whose existence in an active condition 
is more problematical, may be connected with some of 
those extensive salt lakes, which seem to abound in the 
depressed portion of Central Asia. 

Thus even those few cases, which may be brought 
forward as exceptions to the general rule, appear, when 
exuiniucd, to enter into it, so tar as relates to the proba¬ 
ble connection they denote with deep seas or lakes; 
whilst the occurrence of by far the majority of active 
volcanos in Islands and maritime tracts, and their entire 
absence from many extensive Continents, may convince 
us, that the processes are at least greatly promoted by 
such a position, and in their intensity beur a certain re¬ 
lation to the more or less ready access to them of water. 

And, although extinct volcanos seem by no means 
confined to the neighbourhood oftbe present seas, being 
scattered often over the most inland portions of our 
existing Continents; yet it will appear, that at the time 
at which they were in an active state, the greater part 
were in the neighbourhood of those extensive salt or fresh¬ 


water lakes, which existed at that period over much of 
what is now dry land. Instead, therefore, of these being 
brought forward as exceptions to the generality of the 
rule, the cessation of such action, now that the water has 
left their neighbourhood, seems to furnish a confirmation 
of its truth. 
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Aeriform fluidt evolved. 

We have next to consider the ordinary products of 
volcanic operations, and shall begin by noticing the 
aeriform fluids evolved, regarding them as in a manner 
the prime movers of the effects we witness, the agents, 
by whose mighty power are propelled from the bowels 
of the Earth those solid matters, afterwards to be described, 
which, settling round the brim of the orifice from which 
they found an issue, grow at length into the form and 
dimensions of nn ordinary crater of eruption. 

During the active condition of a volcano, the aeriform 
fluid most copiously emitted probably is steam, which 
manifests itself in those white vapours which usually 
proceed from the crater during an eruption, and may 
assist in producing by its condensation the heavy raius 
which frequently succeed it, though we are more disposed 
to attribute these to the disturbance in the electricity of 
the atmosphere, which is evinced by the vivid lightning 
commonly observed during a volcanic eruption.* 

Steam is also emitted, sometimes for ugvs together, 
from fissures called “slufas,” on the flunks of many 
extinct as well os active volcanos; thus supplying us with 
a confirmation of the dependence of volcanic phenomena 
upon the presence of water. 

The permanently elastic fluids commonly given out 
arc, muriatic acid, sulphuretted hydrogen, sulphurous 
acid, carbouic acid, and nitrogen. 

Of these the first, muriatic acid, seems to he generated 
during' almost all the phases of volcanic action; for 
although some have attempted to establish a class of 
volcanos to which the production of muriatic ucid was 
peculiar, yet it would seem that there were none from 
which this gas is not in greater or less quantity disen- 
gaged. 

Thus it has not only been detected by Sir II. Davy, 
issuing from tiic flanks of Vesuvius soon alter the erup¬ 
tion of 1815, but likewise from the same mountain whilst 
in a more quiescent condition in 1824. 

It was also found by Professor Daubeny, in the va¬ 
pours given off round the crater of the Islaud of Volcano, 
round that of Etna whilst dormant, and in that of the 
Solfutara of Puzzuoli; it has been discovered also In the 
volcanos of Iceland ; iutliose of Java,'at Mount Idienne; 
and of South America, at Puracfe, accompanied in both 
these latter cases with a predominant proportion of sul¬ 
phuric acid ; nay, it has even been found in an uncombined 
state pervading the trachytic rock of the Puy di Sarcouy 
in Auvergne. Of the gaseous compounds of sulphur, one, 
the sulphurous acid, appears to be predominant chiefly 
in volcanos possessing a certain degree of activity, whilst 
the other, aulphfgfftted hydrogen, seems to be emitted 
for the most part when they are in a dormant condition. 


* Sir H. Davy, in hli Memoir on Vesuvine, remarks that it was 
easy, even at a great distance, to distinguish between the steam 
disengaged by one of the. crater*, and the earthy matter thrown up 
by the other. The steam .appeared white in. the day, and formed 
perfectly white clouds, which reflected the morning and evening 
light of the purest tints of red and orange. The earthy matter 
always appeared u • blush,smoke, forming dark cluuds, and in the « 

night it was highly luminous at the moment of the explosion. 
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<3eol»gy- Thus sulphurous acid is given off in large quantities 
Gh. III. from the craters of Etna and Vesuvius, and even from 
' that of Volcano in the Lipari group, whilst sulphuretted 
hydrogeu 2s observed at the Solfatara of Puzzuoli, on 
the skirts of Etna near Jaci Reale, and in many hot 
springs connected with dormant volcanic action both in 
these regions and elsewhere. 

Not that we are obliged to suppose sulphurous acid 
to be entirely absent in the latter cases, or sulphuretted 
hydrogen in the former; for as these two gases, when 
they meet, decompose each other, fprming water and 
depositing sulphur, it is reasonable to expect, that only 
that portion of either which exceeds the quantity neces¬ 
sary for their mutual decomposition will escape from the 
orifice, so that the gas that actually appears, only indi¬ 
cates the predominance of the one, and not the entire 
absence of the other. 

Carbonic acid appears to be chiefly found in volcanos 
that have become extinct, and when it occurs in those 
considered active, it is at a time when they are not in a 
state of eruption. It is also found to occur more com¬ 
monly at the fool and in the neighbourhood of volcanic 
mountains, than in their craters, or at the points of their 
most vehement action; so that it may be viewed, rather 
as one of the consequences of a long continued operation 
of the heat produced upon the contiguous rocks by vol¬ 
canic processes, than as the direct effect of the processes 
by which that heat is occasioned. 

The last of these gases, nitrogen, has been already sufli ■ 
ciently alluded to: from the observations hitherto made, 
it would seem to be for the most part the concomitant 
of languid volcanic action; but it is probable, that, when 
the gases evolved from active volcanos have been scru¬ 
pulously examined in a greater number of cases, it 
will be noticed much more commonly as occurring 
amongst them; since Sir H. Davy detected it, in*Vesu¬ 
vius, and his brother Dr. John Davy, in the gas given 
off by the new volcanic Island near Sicily, in both cases 
accompanied with less than the usual proportion of 
oxygen. 

Substances not gaseous ejected. 

Other substances are often disengaged from volcanos 
as vapours, but condense round its exterior either iu a 
liquid or a solid condition. • 

Such is the petroleum found by Breislac, at the foot of 
Vesuvius, the Val di Noto in Sicily, the extinct volcanos 
of auejent Latiuin and Auvergne, the site of the ancient 
eruption recorded in the Book of Genesis on the spot 
now occupied by the Dead Sea, and many other locali¬ 
ties. Such also is the sulphuric acid, which has been 
only hitherto met with in extinct volcanos; as for in¬ 
stance in a stream issuing from that of Puracc between 
Bogota and Quito, from one derived from Mont Idienne 
in Java, and probably in the rocks connected with the 
languid operations about Radicofani in Tuscany. It is 
obviously derived from the sulphurous acid,which, pass¬ 
ing through the water of some volcanic lake, and ab¬ 
sorbed by it, has derived an additional dose of oxygen 
from the atmospheric air present. 

The solid substances sublimed by volcanos are, 1. the 
horacic acid, found in the crater of Volcano, and the 
Lagunes of Tuscany, which, though it remains fixed in 
our furnaces, appears to be evolved in vapour by the 
heut of these volcanos. 2. Muriate of ammonia, very 
abundantly evolved during certain eruptions, as by that 
of Etna in 1780, but apparently absent from others. 

VOL. VI. 


8. Specular iron ore, probably disengaged in combina* Geology, 
tion with chlorine, which latter principle may be sepa- Oh. 111. 
rated, on its coming into contact with the atmosphere, by 
means of the heat, water, anil oxygen of the air. 4. 

Muriate of soda, the most abundant of them all, as well 
as the most universal, being exhaled more or less by 
almost all volcanos, and present even in their lavas, 
according to Monticelli, who obtained mere than nine 
per cent, of it, by simple washing, from that which issued 
from Vesuvius in 1829. 

We do not include among the sublimations, the depo¬ 
sits of sulphur, or the solphurets of iron, copper, arsenic, 
and selenium; still less the various sulphuric suits found 
efflorescing in the spiracles of all volcanos. 

The sulphur, which seems to be of almost universal 
occurrence wherever volcanic operations are going on, 
is evidently derived, in the majority of instances, from 
the mutual decomposition of the sulphurous aud sul¬ 
phuretted hydrogen gases; for we know of no well au¬ 
thenticated case of its sublimation in an uncombined 
state from any volcano, and analogy would lead us to 
extend the same inference, to the compounds of sulphur 
with arsenic and selenium, that occasionally accom¬ 
pany it. 

The sulphates of lime, alumina, iron, magnesia, and 
soda, which so frequently iucrust the surfaces of re¬ 
cently ejected masses, or the fissures of volcanos in pre¬ 
sent action, are evidently produced, by the affluily exerted 
by the sulphuric acid, which has proceeded from the sul¬ 
phurous acid disengugod, tor those alkuline and earthy 
bases with which it may have coinc into contact. 

The substances hitherto considered, in whatever con¬ 
dition they may present themselves to the eye of the ob¬ 
server, have evidently been either disengaged from the 
volcano in a gaseous form, or at least have resulted from 
the same; but we have next to consider those, which have 
been thrown out in a solid ora liquid state from the cra¬ 
ter, but without becoming, like the former, volatilized by 
the action of the heat. 

Solid Substances ejected. 

They may be divided, into such us have undergone a 
complete change from the prooess, amongst which we 
comprehend lavas, and loose ejected masses of similar 
composition; and such as are thrown out, either unal¬ 
tered, or at least retaining enough of their original cha¬ 
racters, to be identified witii some one or other of the 
existing rocks. 

Lavas. 

Their Chemical Characters. 

Beginning with the former class of substances, I shall 
first state the chemical, and afterwards the miueralogi- 
cal characters of lavas. 

Lava, when observed as near as possible to the point 
whence it issues, is, for the most part, a semifluid muss 
of the consistence of honey, but sometimes one so 
liquid as to penetrate the fibres of wood. It soon cools 
externally, and therefore exhibits n rough unequal sur¬ 
face ; but, as it is a bad conductor of heat, the internal 
mass remains liquid, long nftcr the portion exposed to 
the air has become solidified. The temperature at 
which it continues fluid is considerable enough to melt 
glass and silver, and has been found to liquefy in four 
minutes a mass of lead of such a size, as, when placed 
on red-hot iron, to require double that time to enter into 
fusion. 

5 n 
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Ocolomr. Stonca of a spongy nature, pumices probably, were 
Cb. III. me i te( i w |ie n thrown into the lava of Vesuvius; that of 
Etna is said to have effected the same; and a current, 
which proceeded from an Iceland volcano, is stated to have 
melted down every kind of hard stone that came in its way. 

On the other hand, masses of limestone have been 
taken out from the midst of lava with no signs of 
fusion upon them, and even with their carbonic add 
umiiminished; and the houses of Torre del Greco, and 
of other villages, which have been enveloped in liquid 
lava, remained unmelted by it. When bell-metal was 
submitted to the action of the Vesuvian lava of 1794, the 
zinc was separated, but the copper continued unaffected. 

Sir James Ilall, in his Memoir on Whinstonc and 
Basalt, lias presented us with a Table of the relative 
fusibilities of seven specimens of whin or basalt from 
the neighbourhood of Edinburgh, and of an equal 
number of luva from vurious European localities; from 
which it appears, that when converted into the state of 
glass, they become softened at a temperature from 15° to 
24° of Wedgwood, or 3027° to 4197° of Fahrenheit. 
Whilst in a crystalline state, the same ingredients con¬ 
tinued solid at this temperature, but became soil at one 
varying, from 28° to 55° of Wedgwood, or from 4717° 
to 8227°, a heat iuferior to that of a common glass-house. 

With this statement regarding the melting point of 
these ignigennits products, the chemical composition, 
which appeurs to belong to them, is in complete accor¬ 
dance. 

According to Dr. Kennedy, two specimens of the lava 
of Mount Etna contained each 4 per cent, of soda, and 
nearly 15 ol oxide of iron, to 51 of si lex, 19 of alumina, 
and about 10 of lime. Other lavas, doubtless, are dif¬ 
ferently constituted, and some appear to be completely 
destitute of alkali; yet even in these latter cases the 
presence of some alkaline earth, capable of acting as a 
flux to the silcx and alumina, seems universally to sup¬ 
ply its place ; iuid accordingly, there are few varieties, that 
do not readily fuse at the heat of an ordinary blast fur¬ 
nace, and some, indeed, at a much lower temperature.* 
Nevertheless, there are circumstances, which have in¬ 
duced certain Naturalists to adopt quite a different view 
of die nature of lavas, and to imagine them to owe their 
fluidity, not to the intensity of the heat, but chiefly to the 
presence of some solvent or flux. 

This opinion was originally broached by Dolomien, 
who founded it upon the assumption, now admitted to 
be erroneous, that the crystals of augite and hornblende 
which lava contains, existed antecedently to the fusion of 
the inass, and were not produced in consequence of it. 
Hence lie necessarily concluded, that the lava could only 
have been subjected to a degree of heat, inferior to that 
at which such crystals would become fused. 

Finding, therefore, sulphur to be exhaled from certain 
lavas, he imagined this to act as u flux to the other sub¬ 
stances, and accounted for the more difficult fusibility of 
the mass when once cooled, from the escape of the sul- 

J ihur originally present. The existence of sulphur in 
avas has been asserted by some, and denied by others, 
but whether it be present or not, there seems no neces¬ 
sity for attributing to it the fusion of the mass, when, as 
we have seen, its composition alone sufficiently accounts 
for this circumstance. 

* According to Saunurn, Journal de so. 2, felspar 

malts at 70° of Wedgwood, basalt at 76°, and hornUunda at 
about 100°. 


It must in any case be disengaged very soon after the Oeolocv. 
melted matter has been ejected, for no sulphurous va- ch - “*■ 
pours are perceived to issue from a lava current of old s 
standing, even though it may continue internally fluid ; 
and it is well known, that sulphur forms no part what¬ 
ever of the composition of lavas, and can, therefore, only 
be mechanically mixed with them. 

A recent Geologist has lately brought forwards a mo¬ 
dification of Dolomieu's theory, by supposing water to 
act the part which the latter attributed to sulphur; and 
although we are compelled to reject his theoretical views 
on this subject, as utterly inconsistent with known che¬ 
mical principles, yet they suggest some interesting in¬ 
quiries, with respect to the stale in which those volatile 
matters existed in lava, which are said to be copiously 
disengaged from it in the state of vapour. Have they 
been confined by the pressure of the superincumbent 
mass, until its gradual cooling caused fissures by 
which they were enabled to make their escape, or ie 
it possible, thot the influence of pressure may be assisted 
by some kind of chemical union between them and 
the other constituents ? All writers admit, that various 
salts are emitted from the surface of recent lava, which 
are never found amongst its constituents; and if these 
are sublimed, as appears to be the cose, by the heat, the 
same may also happen with regard to the otiier more 
volatile matters, whose extrication from lava is vouched 
for on respectable authority. 

Their Mineralogical Characters. 

The mineralogical characters of lavas have been 
already given at the commencement of this Article, 
where they are stated to belong in general to the rock 
called by Mr. Scrope grevstone, and by M. Brongniart 
tephrine, consisting essentially of felspar, with many 
accidental ingredients superadded, such as olivine, inica, 
augite, hornblende, titaniferous iron, and the like. 

Loose Fragments ejected. 

The loose fragments ejected from the crater differ 
but little in mineral composition from the continuous 
streams of lava, but they are generally of a more cel¬ 
lular and porous aspect, not uncommonly fibrous, and 
consequently more brittle and incoherent They also 
frequently present that vitreous appearance which is the 
effect of sunden cooling, nud vary in size from masses 
many tons in weight to a fine and impalpable powder. 

There seems, therefore, good reason for suspecting, 
that alt those volcanic products which we hasre just 
been considering, in whatever form they may have 
issued from the volcano, are allied to the rock denomi¬ 
nated trachyte; and, that they are either derived from it, 
or, at least, formed out of the same materials aB those of 
which the latter is composed, appears from our finding, 
that, in many places where the structure of a volcanic 
mountain has chanced to be exposed, the lowest in the 
series of formations that present themselves to the eye 
is of a tr achy tic nature, and that the strata superincum¬ 
bent often seem to show a resemblance to that rock, 
more or Uhb close in proportion to their contiguity to it. 

Trachyte, whence derived. 

Trachyte, also, is a rock of such universal occurrence 
in volcanic Countries, and so abundant in those in which 
the action is of the most remote date, and has taken 
place on the most extensive scale, that it seems to be 
natural to derive the lavas subsequently ejected from it. 
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Otology, regarding them merely as so many modifications of this 
Ch. III. original material, more or less changed by the larger 
continuance of the heat, or the admixture of other 
matters. 

But, considering the peculiar characters and compo¬ 
sition of trachyte, os well as the circumstance of its 
being limited to Countries that appear to have undergone 
the action of volcanic fires, we can hardly regard it as a 
substance which makes a part of the original constitu¬ 
tion of the Globe, and shall be disposed to set it down, 
as itself a product, although a primary one, of the fbsion 
of other kinds of rock. Of what nature this latter may 
consist, will, perhaps, be determined, if we examine, first, 
with what particular descriptions of rock trachytes are 
most connected in point of situation; and secondly, to 
what they present the nearest resemblance in mineralo¬ 
gies! and chemical composition. 

The former inquiry will lead us to consider, in the 
first instance, the nature of those ejected masses which 
appear to belong to the contiguous rock formations, and 
not to be products of the igneous operations to which 
their ejection has been owing. 

Among these, we read of no substance bearing the 
slightest resemblance to the constituents of secondary or 
tertiury strata, but of many which may, with the greatest 
probability, be referred to rocks of a granitic character. 

Thus at the Puy Chopine in Auvergne, granite is 
found intermingled with the trachyte and greenstone, 
thrown together in confusion, as if the whole had been 
elevated at one time, before the rock had been en¬ 
tirely changed by the process. 

In the lavas of the Vivarais, in those of the Rhine, 
and in other localities, imbedded masses have been met 
with, having much the appearance of an altered gneiss 
or granite. Humboldt mentions his having found, in 
the midst of the new volcano of Joruilo in Mexico? white 
angular fragments of syenite, composed of a small por¬ 
tion of hornblende, with much lamellar felspar; Gemel- 
laro discovered a mass of granite containing tinstone 
amongst the ejected masses of Mount Etna; and the 
same rock lias been discovered amongst the trachyte of the 
Ponza Islands by Mr. Scrope, and in the lava of Vesu¬ 
vius by Dr. Thomson of Naples. 

Mica slate has, in one instance, been found ejected 
by Vesuvius, and various granular limestoi^s of u doio- 
roitic character are found amongst the masses ejected from 
the old crater of Vesuvius, which lie accumulated in the 
Fossa Grande, and other hollow ways oa the slope of 
the volcano. It must be remarked, however, that these 
latter are never imbedded either in the lavas or in the 
volcanic masses ejected, so that they do not stand in 
the same relation to them, as the granitic masses do 
which have been before enumerated. 

With regard to the formations, in which trachytic 
rocks, or, to speak more generally, volcanos, usually 
appear, great discrepancy seems at first sight to exist. 

Thus, to begin with the Rhine, the formation on 
which the trachyte of the Siehengebcrge rests, and 
among which the volcanos of the Eyfcl have arisen, is a 
day slate belonging to the transition series; in Au¬ 
vergne, the rocks of Mont Dor and of Clermont rest 
immediately upon granite, or are separated from it only 
by a tertiary deposit, whilst those of Cental are incum¬ 
bent on mica slate. In Hungary the rock underneath 
is a porphyry, associated with syenite, clay slate, &c. 
and referred by Beudant to the transition series; in Tran¬ 
sylvania, according to Boud, the trachytes lie near the 


mica slate and gneiss, with which are masses of syenite Geolo «nr. 
and marble; whilst in Styria, the rock most immediately Ch. 111.^ 
surrounding the little trachytic formation of the Glcicli- ' 
enburg, is gneiss. 

In Italy the case is somewhat different; yet, though 
the trachyte of the Euganean hills rises from beneath 
chalk, we have reason to believe that primitive and 
transition rocks lie at no great depth beneath, us they 
are found near Schio, anil support the alternations of 
volcanic and neptunian deposits in the Braganza. 

Humboldt has shown, that the rock which supports 
the volcanos of the New World is generally a transition 
porphyry, and sometimes granite or syenite ; anil Von 
Buch reports, that the last-named rocks appeared us the 
lowest of those uplifted strata, which surrounded the 
crater of the Island of Palma ami other of the Cana¬ 
ries. Now, although the preceding enutnerutiou indi¬ 
cates such a variety with regard to the position of vol¬ 
canic formations as may seem at first sight to baffle all 
general conclusions; yet when we consider, that, in the 
majority of instances, the rocks have been referred either 
to the primitive or the transition series, and that in the re¬ 
maining ones, tlw latter were at a depth far less con¬ 
siderable, than that at which we shall afterwards find 
reason to conclude, that the.volcanic force itself resides ; 
it may not lie unfuir to presume, that volcanos have uni¬ 
versally broken out amongst the older formations, or 
those most near to the nucleus, whatever that may be, 
of the Gloiie. 

It is obvious, indeed, that in those enses in which 
volcanos have appeared in the inidst of primitive rocks, 
we cannot presume tiic seat of action to reside amongst 
those of a later date, but that the converse does not hold 
good ; so that if we only admit, that any certain position 
is to be assigned to these products, a single case of 
their occurrence in the midst of older formations would 
overturn every inference to be derived, from their being 
observed to emanate from strata of a more recent date. 

The legitimate deduction from the above facts are, 
moreover, strengthened by considering the ininerulngicut 
and chemical constitution of truchyte, both which hear 
such a resemblance to that of granite, that the rock lias 
been called by Dolomicu granitoid lava. 

And although the two rocks may lie distinguished, by 
the presence of quartz in the one, and its absence from 
the other, yet the predominance of felspar in both seems 
to place them in the same genuN, and to distinguish 
them from the constituents of secondary strata, where 
that mineral hardly can be said to occur, except where 
we have reason to suspect the agency of fire. 

It is probable, ton, that the chemical composition of 
granite and trachyte taken from the same localities, 
would not be found to vary materially, notwithstanding 
the differences in their mineral constitution pointed out. 

Thus, though quartz is wanting in trachyte, and 
abundant in granite, yet the ailicious earth contained in 
that mineral, may have united with the alumina present, 
in such proportions as would form felspar, ami in this 
manner the latter may have become mure abundant, ut 
the expense of the other two ingredients of the granite. 

In some cases, on the contrary, where the material 
Operated upon consisted chiciiy of quartz, the result may 
have been that variety called millstone trachyte, which, 
though chiefly silicious, betrays its igneous origin by 
the cells and cavities it so abundantly contains. 

If, then, there be reason to conclude, that the sub¬ 
stance, which has supplied the materials ejected by 

5 o a 
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Geology, burning mountains, or constituting their internal nucleus, 
Ch. 111. be derived from grunitic rocks, a strong argument will 
be afforded, in favour of the great depth at which the 
operations are seated, that have given rise to the effects 
we witness. 

This inference, indeed, is greatly strengthened by a 
consideration of the phenomena attendant on an erup¬ 
tion, tiie general tenour of which plainly denotes, that 
the focus of the action is situated at a depth at the least 
as great, as that to which granite may l>c supposed to 
extend. 

We do not, indeed, lay any stress on the remarks of 
Stukeley, who calculates from the compass of country 
over which earthquakes have been felt, that the force 
must, in some instances, be 200 miles beneath the sur¬ 
face, because we have seen reason to believe, that vibra¬ 
tions may be propagated laterally beyond the imme¬ 
diate influence of' the impelling force; but we would 
argue, from the immense mass of materials ejected by 
any one volcano, as for instance by Etna or Vesuvius, 
without exhausting itself, or causing any sinking of the 
mountain; from the prodigious height, to which the tra- 
chytic nucleus of others seems to be raised, as at Tencriffe 
and in Equinoctial America; and, lastly, from the im¬ 
mense violence of the eruptions, which would shiver 
into pieces any merely superficial covering of rock, 
that the elastic vapours must be disengaged at a depth 
at least ns great, as that to which the crust of the earth 
can be supposed to extend. 

Constitution of a Volcanic Mountain in general. 

Having now examined the products of subterranean 
fire individually, we will next consider them in the ag¬ 
gregate, and explain the manner in which they produce 
those vast accumulations of volcanic materials, which 
occupy so large a portion of the surface of our Globe. 

Those observers, who have been fortunate enough to 
obtain a near view of the crater of a burning mountain, 
in what is called its active condition, inform us, that the 
interior of it is filled with a body of melted Inva, which 
may be seen alternately rising and falling within the 
chasm. At its maximum of elevation, one or more 
immense bubbles have been seen to form on the sur¬ 
face of the lava, and rapidly swelling, to explode with a 
loud detonation. This explosion drives upwards a 
shower of liquid lava, which, cooling rapidly in the air, 
falls in the form of scoriae. The surface of the lava is 
in turn depressed, and sinks several feet, but is pro¬ 
pelled again upwards in a moment by the rise of fresh 
volumes of elastic fluids, which escape in a similar man¬ 
ner. Such is the account given by Mr. Scrope of the 
crater of Stromboli, which he surveyed from a com¬ 
manding point of rock ; such likewise in the main is 
that given by Spallanzani of Etna, by Bory St. Vincent 
of the volcanos of the Isle of Bourbon, and by Ellis of 
Kirauca, in Owhyhec. In all these cases, a mass of 
melted matter, of unknown depth, covered for the most 
part with a thin pellicle of scoriform lava, and emitting 
copious volumes of steam or gas, was observed in the 
crater which they overlooked. 

Now it is evident, that the tendency to eruption in all 
these cases will depend upon the relation existing be¬ 
tween the expansive energy of the materials and the con¬ 
trolling force, derived, in part, from the pressure of the 
superincumbent atmosphere or ocean, and in part, from 
the weight of the column of liquefied matter; and as in 


general a considerable proportion of the matters ejected Geolos 
during a paroxysm of volcanic action fells back into the Ch. II 
crater, whilst the elastic fluids, which served to expel 
them, escape, the active state of a volcano will in these 
cases be intermittent, and its eruptions placed at distant 
intervals asunder. 

In a few rare instances, as at Stromboli, where, from 
some peculiarity in the configuration of the mountain, 
the whole of the ejected materials fells into the sea, 
and is carried away by a strong current to a distance, 
the repressive and expansive forces may be so equally 
balanced, that a series of explosions shall occur at short 
intervals, for any length of tihie during which the vol¬ 
canic processes continue, without any accession of vio¬ 
lence ever taking place, sufficient to produce the emis¬ 
sion of a continuous current of lava. In cases where 
the opposite forces are so nicely balanced, it may hap¬ 
pen, as Mr. Scrope has ingenious!; suggested, that the 
mere variations of atmospheric pressure would cause a 
difference in the explosive force, and thus may explain, 
what the inhabitants of that Island are said to have re¬ 
marked, that the intensity of the eruptive violence is 
greatest in 6tormy weather. 

Craters of Eruption. 

It is evident, then, if we suppose this to be the condi¬ 
tion of every active volcano, that, when once the vio¬ 
lence of its operations has arrived to such a pitch, as 
to overcome the resistance opposed to it, the elastic 
vapours will throw out portions of the liquid lava, just 
as, when a mass of melted metal happens to fall into a 
vesse. containing water, the steam generated disperses 
it in all directions. These portions of lava projected ini. 
the air, descend again in the form of scorise or s nd, 
and collect into ai. aggregate, which is called, rather im¬ 
properly perhaps, a lied of volcanic tuff. 

But the projection of these fragmer* j is soon fol¬ 
lowed by the overflow of the melted lava itself, which 
by degrees reaches the brim, spreads over the tuff, and 
forms a regular bed encircling the original aperture. 

Now the repetition of these successive operations 
would cause just that alternation of bedsof lava and tuff, 
which is found to constitute the sides of most volcanic cra¬ 
ters, and it will be at once seen, that the direction in which 
they lie, to appearance horizontal, when viewed from 
the interior of the chasm, but in reality dipping on all 
sides away from the centre at an angle of about 30°, is 
exactly what would happen, if we suppose them formed 
in the manner represented. In plate v. fig. 9. tfie dis¬ 
position of the beds in a erater of e.uption is given, and, 
as contrasted with it, is shown that of the beds on a 
hill, which may chance to have been hollowed out by 
the action of water, in a manner, which causes it to 
correspond in external appearance wi(h that belonging 
to the crater, after the latter has been broken away, and 
partially destroyed, by the agency of other causes. 

It is true, that we can hardly imagine many hundred 
alternations of strata so constituted to mantle round the 
crater in the way supposed; for it is evident, that the 
slightest irregularity in the brim over which the lava 
flowed, or upon which the scoria? descended, would de¬ 
termine these materials more on one side than the rest, 
so that we should never find, after the first few beds 
had been formed, any that actually extended round the 
whole circumference. 

But Professor Lyell has stated from actual observa¬ 
tion, that this appearance of uniformity is delusive, and 
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Geology* that the cone is in reality composed of a number of beds, 
Ch. III. eac j, „f which thins out so gradually, as to be confounded, 
and to appear continuous, with some other placed neat it. 

Craters of Elevation. 

The above statement of the ordinary succession of 
phenomena occurring during a volcanic eruption, which 
we owe originally to M. Necknr de Saussure, supplies 
us with a very simple and natural explanation of the 
structure of an ordinary volcanic cone, the quaquaver- 
sal dip of its strata, the regular alternation of tufT and 
lava, and even perhaps of the dykes which intersect 
them. But are we at liberty to infer, that the whole of 
a volcanic mountain, whatever may be its form, antiquity, 
or position, whether situated, like Vesuvius, on the bur* 
ders of the sea, -ir like the Teak of TenerifTc in the 
midst of a fathomless ocean, is built up entirely after 
this fashion ? 

Even in the absence of any direct evidence on the 
subject, we should be inclined to hesitate before we 
adopted sue’’ a conclusion, and to ask ourselves whether, 
under so enormous a pressure as that of the Ocean, the 
expansive force of elastic fluids, struggling to escape, 
would not be more likely to upheave in the first place 
the strata nearest the ibeus of the actiou, when softened 
by the heat, v, ithin a given area, than to eject fragments 
of rock round a cone in the manner represented. 

We might also feel perplexed to explain on such a 
supposition the appearance of any detached volcanic 
mountain in deep water, since such materials, if accu¬ 
mulated under the sea, would be too quickly diffused 
over its bottom, to raise the level to any considerable 
height at one particular point. 

It would also seem, that if earthquakes are allowed 
to have brought about an occasional upheaving lof the 
Et> r tli*s surface, and that, without producing such a con¬ 
fusion of the strata affected, as even to interfere with 
the springs of the country, or to throw down the build¬ 
ing's erected on the spot, there would be still gteater 
reason for attributing the same effects to volcanic action 
exerted upon rocks which have been actually softened by 
the previously existing heat. 

But independently of these probabilities, there are not 
wanting direct proofs of the upheaving of^ rocks, that 
appear to be connected in some way with volcanic ope¬ 
rations ; proofs derived, in some cases from the appear¬ 
ances thev present, and in others from the actual testi¬ 
mony eye-witnesses. 

Upneaving of Volcanic Mountains shown. 

First, by iheir own appearances. 

The former arc drawn from the examination of vol¬ 
canic mountains, whose interior structure is from some 
cause or oilier In such a manner exposed to view, as to 
reveal to us the real nature of the material which com¬ 
poses its nucleus. 

Thus in the Island of Great Canary, and still more 
remarkable in that of Palma, a chasm called tiie 
Caldera exists, nearly 4000 feet in depth, which af¬ 
forded to Von Buch an excellent section of the in¬ 
ternal structure of the mountain itself. Lowest of 
all he discovered the primitive rocks, then masses of 
trachyte, and above various alternations of those vol¬ 
canic strata which usually occur in craters. The latter, 
for ought we know, may have been formed by successive 


ejections of lava and scoria*; but the trachyte and the Geolo, 
granite underneath must have been upheaved, for why Ch. l! 
else do we find them at a height, which, though 4000 
feet perhaps lroin the summit, is at least 3000 from the 
base of tile mountain, and consequently from the level 
of the sea, and that sea too unfathomable ? Can we re¬ 
sist the belief, that at least the granite with its super¬ 
incumbent trachyte were upheaved from the bottom of 
the Ocean by volcanic agency, and thus constituted n 
nucleus, round which the subsequent ejections have 
taken place ? Ought not such nil example to be. regarded 
as more conclusive, than the observations of a contrary 
tendency which other Geologists have recorded, with 
respect to the appearances presented in some of those 
deep valleys, which exhibit sections of the interior of the 
volcano? 

Where, as in the case of the Vai de Bove on Mount 
Etna, the structure is similar to that, which at present 
results from the eruptions, that from time to time take 
place, we have doubtless a right to assume that they 
were produced ill a similar manner, and consequently the 
antiquity of the volcano is enhanced, in proportion to the 
extent of the series of strata so exposed ; but we are not 
therefore entitled to conclude, that the original formation 
of the volcano must have been of the same nature with 
that of its subsequent growth, still less to extend the 
same inference to other volcanos that may appear differ¬ 
ent))’ constituted. 

Secondly, by the Existaice of Domes of Trachyte. 

Of the upheaving of traahyte in detached dome¬ 
shaped or conical masses, and that by forces which wc 
can hardly hesitate to regard as volcanic, examples, we 
conceive, of even a less equivocal kind, may be found, 
in Countries more accessible to the European traveller. 

To what other cause, for example, are we to attribute 
the occurrence of those five isolated hills of domitc, 
r Inch wc meet with near Clermont in Auvergne, the 
largest of which, the Puy de Dome, rises nenrly 3000 
feet above the general level of the plateau on which it 
rests ? 

On what possible supposition are we to account, for 
the regularity of their form, their perfectly detached po¬ 
sition, and their occurring, each in the midst of an am¬ 
phitheatre, composed of volcanic rocks of a totuily differ¬ 
ent kind? Shall we imagine them to be the relics of a 
continuous stratum, once spreading over the adjacent 
country, but since removed by subsequent changes? or 
shall we suppose them to he masses of a kind of lava, 
which, from its imperfect fluidity, uccumuinted round a 
central point, without spreading into the adjacent plain? 

The former supposition seems irreconcilable with the 
fact of the total absence of all truces of the rock else¬ 
where, and with tiie conical form belonging to some of 
these masses; the latter is manifestly inconsistent with 
its chemical constitution, and the idea of its owing its 
fluidity to intense heat, which we have thought tit on 
other grounds to adopt.* 

In one of these hills, the Puy Chopine, wc appear 
even to be able to trace the very steps by which the pro¬ 
cess has taken place. Wc observe here, not merely a 
rock composed of that variety of trachyte, which in the 


* See thie question mure fully discussed iu a Letter to Professor 
Jameson, on the Diluvial Theory, and on the Origin of the Valleys 
of Auvergne, by Professor Daubeny, published m the Edinburgh 
Aew PMtsophical Journal for April, 1831. 
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Geology, oilier fou. hills constitutes the whole mass, but by the 
Oh. III. oide of it, forming the side fronting the South-west, 
South-east, and East, a congeries of various primitive 
and volcanic rocks in different states of alteration. We 
may enumerate, a conglomerate of scoriae and volcanic 
tuff, of basalt, hornblende slate,sienite, and grauite,more 
or less disintegrated, especially where in contact with the 
trachyte. The whole of the mountain is surrounded by 
an amphitheatre of rocks composed of a congeries of sco- 
rii'orm volcanic products, from the midst of which it ap¬ 
pears to have been elevated; so that we seem to have at 
once presented before our eyes, the material from which 
the trachyte was elaborated, the several steps in the pro¬ 
cess of change effected, and the mode in which, when 
so prepared, it was made to occupy its present position. 

If, however, we believe Humboldt, the New World 
must present a much more decisive instance of the 
kind, than the Puys of Auvergne we have been just 
considering; since Chimborazo, the highest mountain in 
that hemisphere, is represented by him, as composed en¬ 
tirely of trachyte, and being, both in form and composi¬ 
tion, on the great scale, what the Grand Sarcouy in Au¬ 
vergne is on a smaller one. 

Now we may remark, that it is only because these 
mountains, owing to the shifting of the voieanic fire to 
another quarter immediately after their elevation, or to 
some other peculiarity in their physical condition, have 
given rise to no ejections of lava or scorie, that we are 
enabled to ascertain so decisively their constitution ; for 
hud they assumed the character of permanent vents, and 
consequently been covered, as Etna and Vesuvius arc, 
by a numerous succession of layers of volcanic materials, 
we should then have been induced to conclude, that 
they were entirely built up of that, which constituted in 
reality merely their external superficies. 

There are also not wanting instances in volcanic dis¬ 
tricts, where the ordinary rocks of the country have been 
heaved up round a circumscribed area, evidently by the 
expansive force of vapours from beneath, so as to form 
crater-shaped cavities, resembling in all particulars, ex¬ 
cept iu their component parts, that assumed by a volcano. 
Mr. Scrope himself has described one of them in page 74 
of his Memoir on Central France, where he makes 
mention of a circular lake called Le Gour de Tazana, 
about half a mile iu diameter, and from thirty to forty 
feet deep. Its margin, for a fourtli of the circumference, 
is flat, and elevated above the valley into which the lake 
discharges itself. Every where else it is enviroued by 
steep granitic rocks, thickly sprinkled with small scoriae 
and puzzolanu, and rising about 200 fret from the level 
of thu water. These fragments are all that indicate the 
Volcanic origin of this gulf-like basin, but they are suf¬ 
ficiently decisive. No stream of lava, or even fragments, 
of any large size, are perceivable. 

Similarly formed craters occur likewise in the Eyfel; 
and perhaps the best example of them is the circular 
volcanic lake called the Meerfeld, hollowed out of transi¬ 
tion slate and red sandstone, without any admixture of 
volcanic matter, thougli surrounded by loose fragments 
of augitic lava. Now if we admit, that iu these instances, 
the roeks in question have acquired their actual position 
from the operation of expansive vapours acting from 
below, what reason is there for questioning the possibility 
of the same forces having acted likewise upon volcanic 
strata, ami caused them to be upheaved in a similar manner? 

Even limestone rocks, if we believe Von Buch, have 
sometimes been elevated by volcanic agency in a conical 


form, so as to imitate in their appearance the trachytic Qwlogy. 
masses mentioned as occurring in Auvergne. Ch, 111. 

Instances of this kind are met with between Trent < 
and Roveredo, and it is remarkable, that the rock in 
every case is of a dolomitic character, whereas the lime¬ 
stones in the neighbourhood are destitute of magnesia. 

The same remark applies, as we have seen, to the ejected 
masses of granular limestone found at Vesuvius, which 
are dolomitic, although the apenuine limestone of the 
neighbourhood is in general not magnesian.* (See pi. 
iv. fig. 7. 8.) 

Hence Von Buch has had the boldness to attribute 
this latter ingredient to the volcanic action, imagining the 
Earth in question to have penetrated the volcanic matter 
whilst in a liquid or pasty condition, so as to form with 
it a chemical compound. 

There are, it must be confessed, weighty difficulties in 
the way of such a supposition, and in some of the spots 
which Von Buch has appealed to in proof of his theory, 
as, for instance, at Gerolstein in the Eyfel, the circum¬ 
stances are such as to preclude us from adopting such a 
supposition, without a manifest anachronism ;+ neverthe¬ 
less the singular appearances of these rocks, and their 
connection with the surrounding strata, have induced 
many to suspend their judgment, and to regard the im¬ 
pregnation of limestone with magnesia, in the manner 
supposed, as one of those facts, which a more advanced 
stage of chemical knowledge may explain, or at least 
render more conceivable. 

Even those who reject this theory of Von Buell’s, 
will hardly hesitate to regard the curved stratification, 
manifested not uufrequently in our sections of the Earth’s 
surface, as caused by an upheaving force. We are in¬ 
debted to Mr. Bakewell for presenting us with an 
instance, which seems to comprehend all the conditions 
requisite for establishing this view of the cose. Four 
miles East of Matlock, in the isolated hill called Crick 
Cliff, about 900 feet above the Derwent, the strata rise 
in all directions towards the central point, so as to form 
nearly spherical segments. (See pi. iv. fig. 6.) 

The true structure of the hill has been discovered by 
recent mining operations, several valuable metallic veins 
buying been explored in it, and a gallery driven in it, as 
represented in the figure. 

Now it obvious, that, although the inclination of 
plane strata may result from subsidence, such an arched 
structure as that represented could hardly have been 
formed except by protrusion, of which its proximity to 
beds of toadstoiie, to which we ascribe a volcanic 6'rigin, 
suggests an explanation. In this instance, however, we 
are not left to conjecture; tor lately, in driving the gallery 
on towurds the centre of the hill, a moss of toadstone was 
met with ; and the same was found, by sinking a shaft 
from the top of the hill, so that the cauro and the 
effects are at onCe displayed, in the section we are ena¬ 
bled to give of this hill, t 


* Iu fig. 7. is an ideal section by Von Buch of the roeks ia 
* the Vat de Fassa, Tyrol, showing tho manner in which he conceives 
the pyroxenic porphyry to have first heaved up and displaced the 
shelly limestone, together with the other rocks, and afterwards to 
have converted it into those masses of dolomite which cap the sum¬ 
mits of the overhanging mountains. 

In fig. 8. a drawing ia given of one of these dolomitic mountains | 
and die position of the porphyry, the shelly Umwtone, and the red 
sandstone with reference to it, is indicated by the annexed figures 
f See Daubeny, Oeicnplwn of Foieanot, p. S3. 

I See Bakewell, Geology, 1833. 
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Testimony in favour of the Elevation of Volcanic Rocks. 

But if the appearances which are presented by many 
of (he rocks affected by volcanic fire lead to a conclusion 
favourable to the notion of their having been uplifted; 
still more decisive is the evidence afforded us by those 
persons, who have either been eye-witnesses of the for¬ 
mation of a volcano in a new site, or have l>een situated, 
nearest in point of lime or place, to the theatre of such 
events. 

Father Goroe, in 1707, was eye-witness of the appear¬ 
ance of a new rock, between the two Islands of Great and 
Little Cainmeni, off Santorino in the Grecian Archipe¬ 
lago. He states, that it gradually increased in size and 
in height, until it became half a mile in circumference, 
and rose twenty or thirty feet abo\ e the level of the sea, 
bringing up with it live oysters. After this had hap¬ 
pened, a crater appears to have been formed, from which 
fragments of volcanic matter were ejected, and the latter 
now cover the surface of the Island, and conceal the un¬ 
derlying rock. 

Among the Aleutian group, Langsdorf has described 
a rock near the Island ofUnalaschku, 3000 feet in height, 
consisting of trachyte, which made its appearance in 1795, 
and seems to have been thrown up all at once from the 
bottom of the Ocean. The Island that has recently ap¬ 
peared in the Mediterranean between Sicily and the 
African coast, though the part elevated above the sea 
wns made up of scoriform matters disposed in concentric 
layers round a central orifice, seems below to have con¬ 
sisted of an upheaved mass of rock. It is certain, at 
least, from Captain Smyth’s account, that the depth of 
the water on the site of the Island was at least 100 fa¬ 
thoms, when he sounded it in 1814; and it appears from 
the chart accompanying Dr. Davy’s Paper, that it varies 
in the immediate vicinity of the Island from Jl to 12 
fathoms, from whence it gradually increases, so that at 
n distance of from 100 to 200 yards from it, the present 
soundings are from 20 to 65 fathoms. 

Now this change of level may no doubt be explained 
in two ways; either by the gradual accumulation of sco- 
riffi and other volcanic products, or by the more sudden 
elevation of a portion of the bed of the Mediterranean. 
"With either hypothesis the structure of the crater is 
equally compatible; for it is natural to suppose that, after 
a conical mass had been upheaved, ejections of scoriae 
might have taken place round a central point. 

But with regard to the mode in which the operations 
or th^volcano began, we are disposed to give the pre¬ 
ference to the hypothesis of a sudden upheaving; for to 
have raised the bed of the sea from 100 to 10 or 12 
fathoms water, would seem to require a longer continu¬ 
ance of volcanic operations than is noticed as having oc¬ 
curred on this spot, as well as a wider dispersion of the 
ejected masses over thi sea than appears to have been 
the case. Wo hear indeed of scorite and ashes having 
been distributed in all directions, even to the coast of 
Sicily, but we do not find any sensible difference in the 
level of the sea recorded, excepting within an area of one 
or two hundred yards round the Island, from which cen¬ 
tral point, therefore, the sea appears to sink abruptly in 
OTery direction. 


Phenomena of Jorullo. 

Lastly, Humboldt Iibs presented us with an instance, 
where, in the centre of the great table land of Mexico, 
and at a period not more distant than the middle of the 
last Century, both the descriptions given by the inha¬ 


bitants of the country, who were actual eye-witnesses of GrnUunr 
the event, and the appearances exhibited at the time the Cb> Ill- 
spot was visited by himself, led him to the conclusion, that 
a large tract of ground from three to foursquare miles in 
extent wbb heaved up in u convex form to the height of 
550 feet, and that from the midst of this protuberance 
arose Bix conical hills, the least of UiemSftO feet in height, 
and the loftiest, Jorullo, elevated 1600 feet above the 
level of the plain. 

Certain English Geologists have lately questioned 
the soundness of this explanation, and have suggested 
that the convexity of the plain may have been produced 
by a simultaneous overflow of lava from the six cones, 
and that these, uniting into one Bheet, may have funned a 
sort of circular pool or lake of luva. 

But this solution seems to us clogged with still 
greater difficulties than that offered by lfuinboldt; for 
ulthough it be true, that the viscidity of a lava current is 
such, that we ought not to suppose it subjected altogether 
to the same laws as those which regulate the flowing of 
a body of water, still it seems probable, that some 
trifling inequality of surface in the plain over which it 
lias spread, some variation in the quantity of lava given 
out from the different orifices, would determine the sheet 
of lava to one point rather than to another, nnd thus 
produce a stream flowing in a given direction, instead of 
a lukc of melted matter circumscribed within so definite 
an area. 

It has been said, indeed, that the heaving up of a 
tract of laud of this kind is unprecedented ; but so, it may 
be replied, is the formation of such a convexity, by the 
mere overflow of a stream of lava proceeding from any 
existing volcano. And it must moreover be recollected, 
that, according to the very conditions of the theory advo¬ 
cated by those Geologists who have objected to Hum¬ 
boldt's views on this point, our historical records would 
embrace so very small a portion of the time occupied by 
any of the great physical revolutions of our Glohe, that 
there appears the less reason, for circumscribing Geolo¬ 
gical reasoning strictly to the data obtained by actual 
observation, provided it assumes nothing inconsistent 
with the luws which the latter tend tn establish. 

Thus we have literally no record of any other volcano 
formed in a new site upon land, than this of Jorullo; 
for the throwing up of the Monto Nuovo near Naples 
can be regarded in no other light, than as a transference 
of the volcanic action, which is taking place ut the Solfa- 
taru, or at Vesuvius, to auother neighbouring quarter. 

It may also be remarked, that the existence ol a hol¬ 
low space beneath a volcauo, which may be accounted for, 
although it does not necessarily follow, from the uplifting 
of the rocks composing its nucleus, seems the best and 
most obvious means of explaining the phenomenon stated 
by Dr. Horsfield to have occurred in Java; where the 
mountain Papendayang, formerly one of the largest vol¬ 
canos in the Island, is said to have given way, and in 
part to have fallen in, so that an extent of ground, fifteen 
miles long and six broad, was swallowed up in the 
bowels of the earth, with the destruction of forty villages 
and a large proportion of their inhabitants. 

There seems, therefore, good reason to believe, that 
volcanic rocks have been heaved up, both m tlie sea and 
on land, by the expansive force of elastic vapours, » 
position of greater importance in a theoretical point of 
view than might be at first anticipated, seeing, that it 
justifies us in applying these same forces to the explana¬ 
tion of the more extensive elevations of mountaiu ranges. 
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Geology, of which Geology apprizes 11 s, though, ns of tiie elcva- 
Ch. III. tion of cones of trachyte, history is silent concerning 
them. Now a belief in the elevation of isolated masses 
of rock may serve to reconcile us to certain opinions, with 
respect to the origin of volcanic craters, which, resting 
ns they do on the authority of the two individuals, who 
have examined volcanos, on the most extensive scale, and 
tinder the greatest variety of aspects, deserve from us at 
least a patient and unprejudiced hearing. 

Cralert of Elevation. 

Von Buch has distinguished the craters of volcanos 
into two classes : those produced by eruption, and by 
elevation. The former are brought about in the man¬ 
ner already pointed out by Neckar dc Saussure and others, 
and are found in all volcanos which have given rise to 
currents of lava, or have constituted perinnnent vents of 
volcanic materials. 

The latter are produced, owing to the upheaving of 
the crust of the Earth by the agency of elastic vapours 
round a certain limited area, and may, therefore, consist 
either of the older rocks of the country, or of the pro¬ 
ducts that have been accumulated by antecedent volca¬ 
nic operations. The one may be illustrated by the cra¬ 
ter of Meerfield in the Eyfel, and that of the Tour de 
Gazaua in Auvergne; of the latter (the Puy deDdme) 
and other conical masses of truchyte afiord, as we con¬ 
ceive, unexceptionable examples. 

Now ns the structure of a crater of eruption has been 
compared by Professor Lyell to that of an exogenous 
tree, which increases by lay ers deposited from without; 
so that of aerator of elevation may, to follow up the same 
analogy, be perhaps compared to that of an endogenous 
one, where the growth is cuused by the protrusion of a 
mass from within. The question, therefore, is, in what 
way are we to determine whether a given crater, or, to 
apeak more generally,a given volcanic formation, be the 
result of the one or of the oilier process? 

And here we must refer to an excellent Memoir lately 
published by Messrs. Elie de Bourmont and Dufrenoy, 
who adopt the following method of distinguishing 
between the two. 

When the sides of the mountain are covered with 
bands of lava circumscribed within narrow limits, we 
may fairly infer that they have been formed by succes¬ 
sive ejections ; when, on the contrary, the whole circum¬ 
ference of tiie cone is covered by a continuous sheet of 
volcanic matter, which is commonly the case where the 
substance of it is basaltic or compact, we inay presume 
that it has once been nearly horizontal, and has since 
become upraised. The former may happen most com¬ 
monly in those volcanos which arc subaerinl and at pre¬ 
sent in action, but the latter is tiie case generally in those 
which are subaqueous. 

If we suppose a body ofliquid lava to be ejected from 
the bottom of a deep sea, and consequently under the 
pressure of a considerable volume of water, a crust 
would quickly form over its upper surface, in consequence 
of the rapid abstraction of heat by the water immediately 
superincumbent; so that the lava subsequently ejected 
would be compelled, by the ^resistance opposed by this 
hard, unyielding mass to its progress upwards, to spread 
itself laterally in nil directions ; thus forming a sheet or 
tabular inass of lava extending over the bottom of the 
sea on which it was poured out.* 

* See Delabeche's Manual, third edition, p. 125. 


Now it is evident, that an explosion of gas taking Geoh 
place underneath ’a mass of lava, such as that repre- c k 1 
sented, might produce a crater of elevation, by heaving 
up the lava round a given area, and producing a central 
cavity, through which the elastic vapours and solid 
matters ejected might continue to escape. 

Messrs. Elie de Beaumont and Dufrenoy appeal to 
tiie elevated table lands of Mont Dor and Cantal, us 
affording instances of elevation, but as being altogether 
irreconcilable with the doctrine of craters of eruption; 
and it is certain, that if the sheets of trachyte are really 
continuous, we will not suy over the whole of these 
mountains, but over any considerable portion of them, 
the notion of their being caused by successive ejections 
from a number of distinct craters, must be renounced as 
untenable. M. Virlet, indeed, one of the most distin¬ 
guished opponents of the elevation theory iu France, 
who accompanied the scientific expedition sent by the 
French Government to the Morea, is compelled to admit, 
that Die eruptions, which built up the Mont Dor and the 
Cantal, must have been on a greater scale than any 
which we at present experience; tints giving up the very, 
point which pleads most strongly in favour of the rival 
theory, by admitting, that causes now in action, operating 
with only their present intensity, are inadequate to 
produce tiie phenomena. On the other hand, the 
adversaries of Von Buch’s theory in this Country, more 
consistent in their opposition, endeavour to show, that 
lava currents of equal extent have been produced in 
modern days; and doubtless Iceland, and even Sicily, 
afford examples, which may be fairly brought into com¬ 
petition with those of more ancient date. 

But. Messrs, de Beaumont and Dufrenoy contend, with 
great appearance of justice, that it is only when the lava 
has reached a tract of nearly level laud, that it spreads 
itself over so wide a surface ns is there represented, and 
that during its descent down the sides of the volcano it 
in almost invariably circumscribed within a very limited 
area. 

When, therefore, we observe a conical hill composed 
of sheets of lava or trachyte, which can be ascertained 
to be continuous round tiie whole or the greater part of 
its circumference, we must suppose it once to have been 
horizontal, and afterwards to have been heaved up into 
its existing position. 

Von Buch has, however, extended his theory to such 
craters as that of the Islands of Palma and of the Great 
Canary, assuming that all the strata observed in look¬ 
ing down from the summit of the Caldera have been 
upheaved, and that this deep chasm has been formed in 
consequence. 

The Caldera of the Isle of Palma, says Von Buch, 
differs from a crater oferuption in many striking particu¬ 
lars. Here are no streams of lava, nd stags, no lapilli, or 
ashes. Nor do we ever find the latter of such a circum¬ 
ference, or so profound and abrupt. Its general aspect 
seems to show, that it was formed by the pressure of those 
elastic fluids, which raised the whole Island above the 
level of the Ocean, and changed the strata composing it 
from an horizontal to their present highly inclined po¬ 
sition. The aspect of those narrow and precipitous 
ravines, called tiarancoB, which encircle it, favours this 
hypothesis. They are so circumstanced, that we can 
hardly attribute them to the action of water; but if we 
suppose a succession of solid and unelastic strata to be 
suddenly lifted up in the manner of those in the Island 
of Palma, it is evident that not only would a central 



GEOLOGY. 


745 


Geology, aperture be formed where the crater now exists, but 
Ch. III. that the strain would occasion a number of lateral tis- 
*-*v*“—' surea. corresponding with those called in the Island 
Barancos. 

To those, indeed, who have hitherto derived their 
notions on these subjects exclusively from English 
sources, we would recommend the perusal of the great 
Work on the Canary Islands, which we owe to the 
Prussian Geologist above ment inned. We shall there find 
a record of phenomena, which seem hardly reconcilable 
to that theory with regard to the building up of volcanic 
mountains by the successive ejections of beds of scoria: 
ami lava, which, from its seductive simplicity, is calcu¬ 
lated in a manner to preoccupy the mind of the Geo¬ 
logist. 

W-e shall there see whole islands formed, of beds of 
basalt, not of scoria or of tulf, preserving in their ex¬ 
ternal circumference a circular form nearly as perfect as 
that of the brim of their central crater, towards which 
they on all sides incline. We shall then see, in the 
midst of this amphitheatre, of basaltic rocks, and of other 
materials, which could scarcely have been formed except¬ 
ing under water, a conical mass of trachyte rising to a 
great height with a crater in its centre,* and this crater 
one, which hus not in all cases emitted lava currents.or 
scorite, but has served only as a vent for 6team or 
gases. Now, if these appearances can be best explained 
by an upheaving of rocks previously formed beneath the 
bed of the Ocean, what arguments of a general nature 
can be alleged to prevent us from adopting such a con¬ 
clusion, seeing, that we are only extending to the mate¬ 
rials of a whole island, whut all admit with respect to 
certain isolated rocks; imagining that to have taken 
place in Palma, and the Great Canary, which we have 
almost been eye-witnesses of at the Islands of Suutorino 
and Sciacca; proceeding, as it appears to us, legitimately, 
from the observed consequences of earthquakes at pre¬ 
sent, to the inferred effects of similar forces at periods 
antecedent? 

That the hypothesis iu question may have been pushed 
too far, and that some of the followers of Von Buch, 
originally misled by his authority, may huve since been 
obliged to retrace their steps, is nowise improbable; but 
this docs not invalidate the truth of the facts, which lie 
and others have alleged, as applicable teethe cases of 
Teneriffe, or Jorullo, or oblige us to imagine all vol¬ 
canos, in whatever quarter of the Globe they may be, to 
be built up, after the model of those few oil the borders 
of the*Mediterraneau, wiiich chance to be most accessi¬ 
ble to Europeans. 

We hold, in short, that it would be just as illogical 
to argue, thut because many craters have been built up 
by the gradual accumulation of successive eruptions, 
therefore that the same must have been the case with 
all, as to contend, that because the trachyte which forms 
the bottom of the Caldera has been uplifted, therefore 
that the strata superimposed upon it must have been 
so likewise, without reference to their nature or contents. 

Both descriptions of crater probably have a real 
existence in nature, and the business of the Geologist, 
therefore, is to distinguish the one from the other, by a 
particular examination of each, and by considering, whe¬ 
ther the strata that compose it have most the appear- 


* The drawing of the cone end crater of Barren Inland, Bay of 
Bengal, pL iv. fig. 4. will give eotne idea of what ia here de¬ 
scribed. 
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ance of submarine lavns, or of those products, which are Geology, 
seen forming under our eyes by subaerial volcanos. Ch. IU. 

We have been disposed to dwell the more upon this 
theory of Von Buch, conceiving that justice has hardly 
been done to its pretensions hy English Geologists, 
partly, in consequence of the original papers, iu which 
his views were promulgated, having never been trans¬ 
lated into our language, and partly, iu consequence of 
their being somewhat at variance with certain doc¬ 
trines iu this Science, prevalent at the nresent time 
amongst us. 

If, however, we may presume to art as arbiters be¬ 
tween this great German Geologist, anil his opponents 
in England, we should say, that the latter are perfectly 
justified iu referring to processes of which they have 
daily experience, those craters to which both theories may 
be applicable, on the very same principle, on wiiich we 
have ourselves given a preference to the simpler hypo¬ 
thesis advanced by Professor Forbes, and since so ably 
advocated by Mr. Lycll, to account for the phenomena 
of the Temple at l’uz/.uoli, (see p. 717.) though we 
have seen nothing to convince us, that the more com¬ 
plicated theory advanced by Goethe would not likewise 
account for them. On this principle we do not doubt 
that Hoilinaii has dune right iu retrucling his original 
opinion with respect to Mount Etna being a erater of 
elevation, though we have yet to learn that this conces¬ 
sion ou his part ought to be construed into a general 
abandonment of Von litich's theory ns applied to other 
cases. On the other hand we would submit to our 
readers, whether, on reviewing the facts thut have been 
put before them, they will nut conclude, thut the objec¬ 
tions raised against the possibility of such cases occur¬ 
ring, as Von Buch has exemplified in his Work on the 
Canary Islands, rest ou too narrow a view of vulcanic 
phenomena, which, in order to be complete and satis¬ 
factory, ought to embrace the phenomena observed in 
Equinoctial America, us well as those of Europe; the 
extinct volcanos of Auvergne, as well us the recent ones 
of Naples aud Sicily ; and which, at least, should admit 
of being applied to all eascsof upheaving, whether occur¬ 
ring in primary ranges of mountains, in the so culled 
vulleys of elevation existing amongst newer deposits, or 
in tracts of confessedly igneous origin. 

Section 4. 

Theory of Volcanic Operations. 

Having now treated in succession the different phe¬ 
nomena found to acconqiuuy volcanic action in its 
various phases of intensity, we may, perhaps, be m 
some degree ptepared to estimate the relative probabi¬ 
lity of tiie two inodes already mentioned, by which its 
existence has been accounted for. 

We say, the relative probability of the two, for ailer 
all, there will be few so wedded to either, as not to con¬ 
template, new volcanic phenomena being brought to 
light, fresh principles in Chemistry becoming recog¬ 
nised, which may give a preference to some third expla¬ 
nation, entirely different from either of the foregoing, 
seeing, that one of those conditions laid down by Lord 
Bacon as requisite in order to guarantee our belief in a 
theory, name!*', thut the cause assigned should be 
ascertained to have a real existence, cun be predicated 
neither of the one nor of the other. 

We would also remark, that the real question at 
5 e 
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issue between ttie advocates of the rival theories, stated 
in its broadest terms, is simply this;—whether the phe¬ 
nomena *»f volcanos seem to imply a process of oxyda- 
tion or not; if they do, then onr acquaintance with 
bodies which are kindled by thz mere contact of water, 
enables us to explain the manner in which the process 
of combustion may originate, its continuance becoming 
a matter of subsequent consideration; whilst, if the 
facts before us can be accounted for merely by assuming 
the presence in the interior of the tilobe of a mass of 
melted matter, wc should scarcely be disposed to go 
further for a solution of them. 

Now the progressive refrigeration of a ball of melted 
matter proceeding from its circumference towards its 
centre, would doubtless produce something like an imi¬ 
tation of one volcanic phenomenon, namely the emission 
of lava currents, since the contraction of the crust upon 
its internal contents would squeeze out from to time, at 
the points of least resistance, a portion of liquid matter 
proportionate to the gradual diminution of its capacity. 

We limy also understand, why the points of least re¬ 
sistance should often be on the coasts or in the depressed 
portions of continents; why the action of the volcano 
should in general be intermittent; and why it should 
continue for centuries without becoming exhausted. 

We might also account on this hypothesis for the 
volumes of carbonic acid emitted, regarding them as 
resulting from tile action of the heat upon the consti¬ 
tuents of the limestone rocks placed within the sphere, 
of its operation, and consequently as being unconnected 
with any process of combustion. 

But, on the other hand, this hypothesis does not ex¬ 
plain, why volcanos should break out in the middle of 
the sea, where the pressure must be greater, than it is on 
continents, intersected as the latter are with caverns 
and fissures; why it should take place in certain lines 
of coast only, and not generally, wherever there be low 
land ; and wliv, fed as they would be from an inexhaus¬ 
tible fountain of liquid matter, they should ever become 
extinguished, or, at least, continue dormant for no very 
extended a period, as to convey to us that impression. 

Neither does this hypothesis explain the differences 
that exist between the products of volcanos, which, if 
derived from the same internal source, ought perhaps to 
be uniform in their composition and structure. 

In conceding, therefore, that the conditions of this 
hypothesis permit us to explain this phenomenon, it is 
conceived, that we have gone further than we are strictly 
warranted in doing; whilst with regard to others more 
characteristic and essential than even the emission of 
lava, it leaves us altogether in the dark. 

In wliat manner, for example, will the admission of 
Cordiers theory enable us to account for the evolution 
of steam, and of the different gases, which wc have seen 
lo be constantly present, or tor the consequences of the 
confinement of these elastic tin ids in the interior of the 
■karlli, which manifest themselves, in the explosions that 
accoinpuny an eruption, or in the upheaving of rocks and 
the production of earthquakes which we attribute to its 
operations ? 

Nor can we be considered guilty of any gratuitous 
assumption in thus altributflig them; for, although the 
upheaving effects of volcanic action have been by some 
ascribed merely to the hydrostutic pressure of a mass of 
lava, which had been forced up to the summit of the 
crater, yd it is plain, that to have brought it into that po¬ 
sition iu defiance ot the laws of gravity, some powerfully 


moving force must have been required, and what force 
can be suggested, at once so probable in itself, and so 
adequate to the effect brought about, as the evolution of 
a great body of clastic vapour, the existence of which we 
are compelled from many other considerations to admit ? 

Aware probably of the difficulties that suggest them¬ 
selves to Cordier’s theory in this its most simple form, 
many of those who profess to support it, eall into play 
another principle, numely the action of water, which, 
making its way to depths where the Garth is sup¬ 
posed to maintain a temperature sufficiently exalted for 
this purpose, is converted into steam, and thus serves 
by its elastic force to eject the various heated matters 
which issue from the orifice. 

It must be confessed, that such an addition to the 
theory supplies us with an explanation of much, which 
former view of it had overlooked, especially, the situa¬ 
tion of volcanos near the sea, their power of upheaving 
rocks, and in general the expansive force, which consti¬ 
tutes one of their leading features. 

Yet even here, unless we suppose some kind of com¬ 
bustion to take place, we are left in the dark, witii re¬ 
gard to tlie evolution of sulphurous ncid and of nitro¬ 
gen gases; and unless we suppose the existence of some 
principle or other capnble of decomposing, as well as of 
converting into vapour, the water that finds admission, 
we shall hardly be able to account for the steady and 
copious emission of hydrogen combined with sulphur, 
which has been noticed. 

It may, indeed, be said, that sulphurous acid would 
arise from the spontaneous union of sulphur with oxygen, 
at the high temperature to which it would be subjected, 
if it existed so deep iu the bowels of the Earth ; and that 
several of the commoner metals, such as iron, are capable 
of decomposing water, and combining with the oxygen 
of the' atmosphere, when subjected to the same heat— 
whence would result nil evolution, both of sulphuretted 
hydrogen, and of the residuary nitrogen, derived from 
the atmospheric air admitted. 

But when the naturalist is once brought to allow, that 
combustion of some kind or other makes a part of vol¬ 
canic operations, he will necessarily look to tile products 
of'tlicse latter, in order to satisfy himself, what the mate¬ 
rials may have been which have contributed to the 
effects. o 

Now we have already seen, that the substances ejected 
from the crater of a volcano usually consist, in the largest 
proportion of silex, next of alumina, then of oxide of 
iron, then lime, and lastly soda or potass. 

That the elements of these bodies must, some of them 
ot least, have absorbed oxygen from the atmosphere, 
during the process Ivy which their fusion has been 
effected, seems to follow, from the nitrogen disengaged, 
and the ammoniacal salts sublimed' 1 , and if we are thus 
brought to admit, that a metal so oxidizabie as iron may 
exist in its metallic condition at these depths, what is to 
hinder us from going one step further, and applying the 
same supposition to the bases of the earths, and alkalies, 
thus obtaining a readier solution of the energetic cha¬ 
racter of those processes, which are adequate to pro¬ 
duce the effects wc witness ? 

It has, indeed, been alleged, that the two principal 
constituents of lava, namely, the bases of silica and 
alumina, are not highly inflammable. Silicon, when 
perfectly pure, resists a white heat without uniliug with 
oxygen, and aluminium may be boiled in water without 
decomposing it But, in the first place, it is rare to 
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Gtolory. meet with these oxide*, without finding them acoom- 
Ch. III. pnnied either with lime or an alkali ; and the basis of the 
former, we have reason, from Davy’s experiments, to be¬ 
lieve, is highly inflammable; the hitter we know to lie so. 

Secondly, silicon kindles readily if united with a little 
hydrogen or with carbonate of soda; and iiluininiuin 
even by itself burns brilliantly when heated to redness, 
and dissolves with the evolution of hydrogen in very 
dilute solutions of potass. 

There is, therefore, no difficulty in imagining the com¬ 
bustion to be kept, up by means of the silicon and alumi¬ 
nium, when once it has been commenced by the action 
of water,«ipon the potassium, sodium, or calcium present. 

It has also been objected, that hydrogen gas is never 
emitted from the spiracles of any volcano, as if it were 
not quite natural, that it should be evolved in union 
with sulphur, when generated in places so abounding 
in thut material. 

That the quantity thus emitted has been enormous,will 
appear from this consideration alone, namely, that the 
immense beds of sulphur in Sicily are probably derived 
from certain submarine solfataras, and that in solfataras 
the sulphur which is deposited arises, not from the sub¬ 
limation of that solid, but from the deposition of it by 
the sulphuretted hydrogen and sulphurous acid disen¬ 
gaged, which, when they come into contact, mutually 
decompose cacli other. 

It is not dear, also, that hydrogen gas may not be 
evolved likewise in combination with carbon, and even 
with phosphorus, since the flame, which has been repre¬ 
sented as rising from the ground both during earth¬ 
quakes and volcanic eruptions, indicates the former; and 
the bubbling up of gas, through the sea, which inflamed 
on coming into contact with the air, a phenomenon ob¬ 
served near the Azores, would seem to imply the latter. 

At all events, a large proportion of the hydrogen 
emitted may be presumed to make its appearance in the 
ammoniucal salts disengaged, and a still larger propor¬ 
tion to be recombined with the oxygen of the atmo¬ 
spheric air present, and to uppear as steam. 

The above hypothesis has this further recommendation 
—that it accounts for the intense action, which appears to 
be kept up in some cases without intermission for a 
considerable period, although it must be supposrd to be 
taking place in caverns, or confined spaces deep in the 
bowels of the earth. 

11 ad the combustion been of such a nature, os to give 
rise jinly to some gaseous product, such as carbonic 
acid, the combustion would soon have been suspended, 
or ut least checked, by tile predominance of a principle 
so destructive to flame, as we find to be the case in 
coal mines that have caught fire. Nor would the result 
have been different, if sulphur, or even phosphorus, had 
been tile sole materials by which the combustion was 
maintained, for in either instance an atmosphere would 
have been produced, in which the further oxydation of 
these bodies could not have proceeded. 

But, supposing the substances inflamed to be metals, 
which form with oxygen a fixed product, and disengage 
from water an inflammable principle, as in the case as¬ 
sumed, we can see no reason, why the combustion 
might not continue for ages with unabated vigour, as is 
the case in several volcanos. 

An objection against our hypothesis has also been 
sometimes deduced from the mean density of the Earth, 
which is calculated at five times that of water; and 
hence it has been concluded, that bodies so light, as 


potassium and sodium are, cannot make a part of its ** u0 
nucleus. Ch. 

But we are not obliged to imagine a larger proportion r ~ 
of these alkaline bases to lie present, thuu would be im¬ 
plied by the composition of ihe lava emitted, and pro¬ 
bably wc shall find not more than four or five per cent, 
of potass or soda to exist in the average of volcanic 
productions. 

On the other hand, the specific gravity of the basis of 
silica, and, probably, also, of that of the other earths 
which predominate in lavu, is sufficiently considerable to 
wurrant the conclusion, that a muss of mutter, containing 
these principles itt the proportions indicated, and united 
with as much metallic iron, ns wc know to exist m the 
state of an oxide in the generality of lavas, would form 
an aggregate possessing an higher specific gravity, than 
that of the compound resulting from the oxydation of 
the entire mass. 

Ect us take, for instance, the analysis gitcu by Dr. 
Kennedy of tile lava from Etna, which he stales to con¬ 
sist of 

Silica. 52 percent, x Sp. gr. 2.<55 = 127.B 

Alumina.. . 1!) percent, x Sp. gr. 4.20 — 7!>.B 

Jjimc. 10 per cent, x Sp. gr. 3.1)0 — 30.0 

Oxideof iron 15 percent, x Sp. gi. 5.0(1 = 75.0 

Soda. 4 percent, x Sp. gr. 2.00 — 8.0 


100 320.fi 

Wc here find that 100 parts of this lava have a spe¬ 
cific gravity equal to 320.fi, and consequently that Ihe 
specific gravity of the mass would lie no more than 3.2, 
supposing it divested of water. 

Now let us contrast this with the specific gravity of 
100 parts of the metallic principles, which would give 
rise to a mineral possessing the above chemical compo¬ 
sition. 

Silica. .... 52 contains of base 20 X Sp. gr. 2.0 ..- 52. 0 
Alumina.. 1!) contains of buse i» xSp. gr.2.0.~ 20.0 

Lime.10 contains of base 7 x Sp. gr. 4.0 = 2S. (I 

Oxide of iron 15 contains of base 12 x Sp. gr. 7 8 •— 03. U 
Soda. 4 contains of base 3 x Sp. gr. 1.0 — 3.0 

100 58 )06.fi 

Now as 58 — 10G — 100 — 340. 

Consequently the specific gravity of the whole would 
be no less than 3.4. The specific gravity of aluminium 
appears not to be ascertained, hut prohsdtly it is not 
inferior to that of silicon, which sinks in the strongest 
sulphuric acid, and therefore is more than 1.83. 

The theory, therefore, we have been advocating, leaves 
the question with respect to the cause of the Earth's den¬ 
sity just on the same looting as before. Those wlto ure 
of opinion, that the latter ntay be expluitied by the mere 
condensation of such rocks ns arc found near the surface, 
in consequence of the superincumbent weight, us certain 
metals may lie rendered heavier by pressure, are entitled 
to extend this explanation to the case of the alkaline and 
earthy bases ; whilst those who regard the density of the 
Earth to be u proof, that some heavier matter must exist 
below, are not precluded from such a supposition, us 
our theory implies merely the existence ol such a quan¬ 
tity of metallic ingredients, us would be sufficient to pro¬ 
duce the materials ejected, leaving the constitution of 
the remainder just as open to conjecture ns it was before. 

It is curious, indeed, that whilst some have argued, 
that tile kind of materials found near the surface is 
5 e 2 
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Geology, inadequate to account for the density attributed to the 
Ch. III. Earth in general; others, as the late distinguished Pro- 
fessor Leslie, have contended, that these.substances would 
have their sjn-cific gravity so much increased by the 
enormous pressure, that void internal spaces must lie 
necessarily supposed. On this he has founded his singu¬ 
lar hypothesis, that the centre of the Earth is filled only 
with light, the rarest substance known; an idea, the mere 
mention of which is sufficient to show, how little we can 
be justified in rejecting an explanation of facts, merely 
because it appears to militate against the conjectures, that 
may be conjured up with regard to the internal condition 
of out Planet. 

Dismissing, therefore, this objection, and leaving to 
our readers full liberty to form their own conclusions 
with respect to the internal stutc of the Globe, granting 
even to such us contend for it, that an internal fluid mass 
might give rise to some of the phenomena of volcanos; 
we conceive, that if the opposite theory can explain other 
effects, which the above leaves untouched, in addition to 
those which it elucidates, we are bound by every rule of 
sound reasoning to allow it the preference. 

Now that this is the case, we shall attempt to show, 
by deducing, from the supposed existence of the alkaline 
and earthy metalloids at a certain depth in the Earth, 
the several phenomena of volcanos, in the order in which 
they present themselves. 

Statement of the Theory proposed. 

We will suppose, that the nucleus of the Earth, at a 
depth of three or four miles, either consists of, or contains 
as a constituent part, combinations of the alkaline and 
earthy metalloids, as well us of iron and other more 
common metals, in the proportions indicated by the com¬ 
position of lava; these being combined, perhaps, with 
sulphur, and constituting various sulpho-salts. Such 
bodies are gradually undergoing decomposition, wherever 
they come into contact with air and water, but, defended 
by the crust of the Globe, bs even a mass of potassium 
of a certain size may be by a crust of its own oxide, if 
kept perfectly dry, the chemical action excited goes on 
too slowly to produce any of its more striking effects, 
unless the latter of these agents be present in consider¬ 
able quantity. Hence, under our continents, the elastic 
fluids generated, and the heat evolved, show themselves 
principally, in their influence on the temperature of the 
interior, or in the phcnoinenu of thermal waters. 

But under the sea, or in any other situation where 
the pressure of an equally large columu of superincum¬ 
bent fluid assists in forcing the water though the creviceB 
of the subjacent rocks, the action must often go on more 
rapidly, und the effects consequently wear a mure for¬ 
midable aspect. 

These latter, however, will occur in the middle of the 
sea less generally than on the coast, because the pres¬ 
sure of the Ocean itself furnishes an impediment to the 
escape of elastic fluids, greater than that of the con¬ 
tiguous land, and they will in general not be constant 
but intermittent, because the heat generated by the pro¬ 
cess itself will have a tendency to close the orifice by 
which the water entered, first, by injecting the fluid lava 
into the flksure, and secondly, by causing a general ex¬ 
pansion of the rock; nor will the water again find admis¬ 
sion, until, owing to the cessation of the process, the 
rock becomes cool, and consequently again contracts 
nearly to its originul dimensions. 

Now the first effect of the action of water upon the 


alkaline and earthy metalloids would be, the production Geology- 
of a large volume of hydrogen, which will cither combine Ch - 
with oxygen (supposing atmospheric air to be present) 'v""*-' 
or with sulphur, both beiug at the high temperature 
favourable to their union. In the former case, nitrogen 
gas will be given off, and this, expanded by the heat, will 
rise towards the surface, either in its free state, or com¬ 
bined with a portion of the hydrogen in the form of 
ammonia, which, however, will be neutralized by the 
free muriatic acid, the strongest usually present. Hence 
the sal ammoniac, so frequently found in voicauos, and 
the nitrogen given off in hot springs. 

The hydrogen not thus disposed of, combining with 
the sulphur, will form sulphuretted hydrogen gas, which, - 
for the same reason, will rise upwards in a gaseous form, 
unless it be decomposed by union with oxygen, or in any 
other way. 

But so long as oxygen be present, in sufficient quantity 
to combine with the hydrogen, and re-convert it into wa¬ 
ter, the sulphur will continue in combustion, and conse¬ 
quently sulphurous acid will be -predominant amongst 
the gaseous exhalations emitted from the mouth of the 
volcano. 

So soon, however, as the oxygen is consumed, the hy¬ 
drogen, no longer entering into combustion, unites with 
the heated sulphur,and escapes in the form of sulphuretted 
hydrogen, which consequently, towards the close of the 
eruption, when the oxygen is expended, will predominate. 

As, however, the two gases alluded to mutually de¬ 
compose each other, the appearance of sulphuretted 
hydrogen from the mouth indicates, not necessarily the 
entire ubseuce of sulphurous acid at the place where the 
process is going on, but its less copious production than 
before, owing to the more scanty supply of oxygen. 

The very circumstance of the reproduction of water, 
by the ihutunl decomposition of these two gases, might be 
the means of keeping up the action in a languid manner 
for an indefinite period. 

The slowness with which lava cools, would cause it to 
go on giving out, for a considerable time, sufficient heat to 
the adjoitiiug strata, to communicnte to the sulphur the 
temperature necessary to occasion its combination with 
oxygen ; hence, a certain portion of sulphurous acid 
would 1x5 continually emitted, which, however, would be 
soon decomposed by the hepatic gas present. The water 
resulting from this process would percolate into the re¬ 
cesses of the rock, attack any portions of (he alkaline and 
earthy metalloids that might have escaped the original 
action, and give birth to a fresh volume of hydrogen gas, 
ready in its turn to dissolve a new portion of sulphur, 
and thereby to contribute to a repetition of the same 
phenomena. Thus, no diminution in the quantity of 
water present on the sttrfaceof the Globe need arise from 
even an endless repetition of volcanic' processes, a com¬ 
paratively small portion of that fluid fulfilling the same 
office in these great natural laboratories, which a little 
nitre discharges in an oil of vitriol manufactory; the 
same water serving over and over again as the carrier of 
oxygen to whatever metallic matter is capable of decom¬ 
posing it, just as the nitrous gas generated by the nitre 
furnishes oxygen to the sulphurous acid, owing to its 
previous conversion into nitrous acid vapour. 

The separation of muriatic acid from the common salt 
and other muriates present in sea water, is explained on 
the common principles of chemistry, by the superior 
affinity exerted by the alkaline base at these high temper¬ 
atures for the siiicious or aluminous earth than for the 



GEOLOGY. 


749 


acid; and the sublimation of iron, in the state of fir 
t oligiste, a protoxide, rather than in that of a peroxide, 
may have resulted from the dcoxydizing property of 
the sulphuretted hydrogen, at the same time disengaged. 

The carbonic acid is probably derived from the action 
of the heat on the calcareous strata contiguous, and is 
consequently given off even by volcanos Ihut appear ex¬ 
tinct, owing to the tong continuance of the heat, nr the 
languid action going on long alter the tendency to erup¬ 
tion has ceased. 

All the phenomena, in short, which are concomitant 
upon volcanic action, seem to admit of explanation, if we 
will only suppose salt-water, and afterwards atmospheric 
air, to find admittance to cavities in the interior of the 
Earth, where they can come into contact with the metals, 
and the earthy or alkaline metalloids, combined with sul¬ 
phur, there existing; and if it be objected, that the pre¬ 
sence of air in the interior of a volcano, in sufficient 


excused for adopting that view, which, even if less simple, 
we are at least entitled tr» consider for tiie present more 
adequate to embrace all the conditions of the problem 
to be solved. 

Neither should it be forgotten by those who object to 
onrviewB, on the ground that the existence of the metal¬ 
lic bases of the earths and alkalies in the interior of the 
Globe is imaginary, that so likewise is that of their own 
fundamental postulate—the mass of melted matter in 
the interior of the Globe which they assume; whilst the 
high temperature belonging to the crust of the Earth, 
wherever it is out of reach of atmospheric changes, so 
far from aifiirding any independent proof of their position, 
would be an almost necessary consequence of such che¬ 
mical processes as those in which we suppose volcanic 
action to originate. 

PART If. 


quantity, seems problematical, we may reply, that as 
the first effect of the heat would be to produce a soften¬ 
ing of the contiguous strata, it must necessarily happen, 
that the evolution of so large a portion of elastic matter 
would have the effect of bearing them up to a certain 
distance round the focus of the volcanic action. 

This aperture would undoubtedly be occupied in the 
first instance by the gases given off by the volcano itself; 
but the slightest intermittence, or even inequality in the 
process, would occasion a partial vacuum, which the air 
of the atmosphere would immediately fill. 

We may fortify these conclusions by the authority of 
Sir II. Davy, who in a Memoir on the Phenomena of 
Volcanos , published in the Philosophical Transactions 
for 1828 , remarks, that there was every reason to suppose 
in Vesuvius the existence of a descending current of air ; 
that the subterranean thuuder heard at such great dis¬ 
tances underneath the mountain, is almost a dembnstra- 
tion of the existence of great cavities below, filled with 
aeriform matter; and that the same excavations, which in 
the active state of the volcano throw out during so great 
a length of time immense volumes of steam, must, there 
is every reason to believe, in its quiet state, become filled 
with atmospheric air. 

Hence, perhaps, we may explain a phenomenon that 
has been noticed during the continuance of an eruption, 
namely, that of the air being heard to rush through the 
various spiracles of the mountain, with a loud, and as it 
is represented, an almost musical sound. 

Notwithstanding, therefore, the respect we entertain 
for the authorities, both in this Country and on the Con¬ 
tinent, which, in discussing these two theories, appear to 
have thrown their weight into the opposite scale, we are 
still disposed to prefer the chemical one just laid down, 
to that which, in contradistinction to it, we shall venture 
to denominate the mechanical one. 

Not one of the supporters of the latter view has, so 
far us our information extends, attempted to do that, 
which uione can exalt an hypothesis, from the rank of a 
mere vague suggestion of the fancy, to that of a rational 
and satisfactory solution of a physical problem : none of 
them has undertaken the task of taking up, one after 
the other, the phenomena that have been observed to 
occur during the different stages of volcanic agency, and 
showing their respective agreement with the principle 
laid down at the commencement. 

This we have at least endeavoured to accomplish in 
the foregoing pages; and until the same shall have been 
effected by the advocates of the rival theory, we must be 


DESCRIPTION OF ROCKS, ATTRIBUTED TO VOLCANIC 

ACTION TAKING FLACK UNDER CIKCUMSTANCXS 

DIFFERENT FROM THOSE BEFORE CONSIDERED. 

Section 1. 

On Trap Hocks. 

Introduction. 

Having now concluded our intended sketch of the 
phenomena of existing volcanos, and attempted to ex¬ 
plain the causes from which they originate, we have to 
consider in the next place, the influence which they 
may have exerted on the condition of our Planet, the rocks 
that have been produced by their operations, or altered 
in character and position by their agency. 

It is this part of the inquiry, which connects the sub¬ 
ject of volcanos with the other investigations of Geo¬ 
logy, and renders their study of interest, not merely to 
the Chemist and the Natural Philosopher, but likewise 
to all who would attempt to explain the condition, post 
or present, of the Globe we inhabit. 

Wc shall begin then, by considering the rocks, which, 
though differing in some respects from those produced 
by volcanos at the present day, appear to us, neverthe¬ 
less, to be derived from the same cause acting under 
sorpewhat altered circumstunces. 

There are few parts of the World, that do not offer 
examples of those rocks, which are comprehended by 
Geologists under the name of trap, including, as it does 
in its most extensive signification, on the one hand, 
basalts, greenstones, syenites, and wucke, and oil the 
other, porphyries with base of felspar or claystone. To 
each of these general subdivisions are annexed sundry 
mechanical aggregates, in which pebblea or angular 
fragments of tiie rocks above mentioned constitute the 
prevailing ingredients. 

Basalt 

The first of these, basalt, appears to be ail intimate 
mixture of compact felspar, either with hornblende, with 
uugitc, or with both. It is sometimes of an uniform 
texture, but more commonly contains imbedded crystals 
of olivine, augite, felspar, and tiiauilerous iron ore. 

Its decomposition seems to give rise to the substance 
called wacke, a rock of a dull earthy appearance, mid a 
dark greenish rr reddish colour, which, when it admits 
of being examined, appears to be composed of augite or 
hornblende, with felspar, altered from the effects of 
weathering or other causes. 



750 


GEOLOGY. 


CicoloRy. Greenstone. 

The rock culled greenstone is a granular aggregate of 
those minerals, which in basalt are so intimately mixed, 
as lobe (indistinguishable by the naked eye. It, therefore, 
cousisls essentially of felspar, either with augile or with 
hornblende, but the predominance of one or other of the 
two latter minerals over the felspar, communicates to the 
general mass that greenish colour from which its name 
is derived. Thus the term hornblende includes both 
the rock denominated diabase, and that called dolcrite, 
by Hronguiart; it may also comprehend, iu a Geological 
sense, the hyperstheue rocks noticed by Dr. Mucculloch 
in Sky, and other parts of Scotland, where the mineral 
called hyperstheue takes the place of the augitc or horn¬ 
blende which generally belongs to it. 

Syenite. 

Syenite differs from greenstone rather in the propor¬ 
tion, than in the nature of the minerals that compose it. 

It consists essentially of felspar and hornblende, but 
the greater predominance of felspar imparts to the mass 
a lighter colour. Quartz is also a frequent ingredient, 
ami mica sometimes occurs imbedded. 

Claystone Porphyry. 

Syenite, therefore, forms the connecting link between 
this class of trap rocks and the second, where the basis 
is either of felspar or claystone, which latter is probably 
only n more earthy and disintegrated condition of the 
former mineral, bearing the same relation to compact 
felspar, which waeke appears to do to basalt. The 
crystals, which impart to this rock its porphyritic cha¬ 
racter, are necessarily of felspar, but others are often im¬ 
bedded, such ns quartz, mica, migite, or hornblende. 
"Where the basis is claystone, the rock is called claystone 
porphyry; where it consists of compact felspar, the 
name of felspar porphyry is applied to it. 

In other cases, it consists of that slaty and splintery 
species of felspar, denominated clinkstone, and then is 
usually known by the name of clinkstone porphyry. 

More rarely the porphyritic structure is not discerni¬ 
ble, in which case the rock is called simply, claystone, 
compact felspar, or clinkstone, according to the nature 
of its constitution. 

With this, or the foregoing class, arc sometimes 
associated other rocks, which appear, from the analogy 
of their structure and chemical composition, to have been 
formed by similar natural processes. 

Such arc the hyperstheue rocks above noticed ; and to 
this same denomination appear to lielong the serpentine 
rocks which occur in primitive, transition, and even in 
secondary formations. Serpentine seems to consist of an 
intimate mixture of the mineral termed diallage, with fel¬ 
spar; and, when it occurs in a granular condition, con¬ 
stitutes the gahhro of the Italians, or the euphotide of 
Hronguiart. It, therefore, hears the same relution to the 
latter, which basalt does to greenstone. 

Pitchstone. 

Another roek belonging to this series is pitchstone, 
which either consists wholly of the mineral so denomi¬ 
nated, or of a basis of that mineral with crystals of 
glassy felspar, by which it is rendered porphyritic. 

It tnay, perhaps, lie considered, rather as a particular 
form or condition of felspar or basalt, than as a distinct 


substance, holding to these minerals a relation similar GsoIor*. 
to that which obsidian does to lava. ***• 

There ought, therefore, to be two species of pitch- 
stone, tile one associated with basaltic, the other with 
felspathic traps, but the rock commonly so denominated 
appears to be allied to the latter. 

The above-mentioned rocks are found in two different 
conditions, distinguished by the presence or absence of 
cells and cavities ; the former may be denominated com¬ 
pact, tile latter vesicular; terms, which include the corre¬ 
sponding states in which modern voleanic products also 
occur. Vesicular traps, however, are almost invariably 
found with their cavities more or less completely tilled 
up with various crystalline minerals, especially calca¬ 
reous spar, quartz, the several members of the zeolite 
family, green earth, &c.; hence they are denominated 
amygdaloids, a term which, in some Geological Treatises, 
is used to designate u distinct rock, but which in reality 
constitutes only a particular state, in which all the rocks 
of the trap family are occasionally found. 

Thus we have, amygduloidal basalt, amygduloidal 
greenstone, amygdaloidul waeke, and, though more 
rarely, amygdaloidul porphyries. 

They are also found in fragments or rolled masses, 
imbedded in a basis consisting of the earthy variety of 
basaltic or felsputhic trap; iu other words, either in 
waeke or in claystone. These mechanical aggregates 
are known under the generic name of tuir, being culled 
trap-tuff', when the basis is of waeke, and claystone-tuff 
when it consists of claystone. 

Both of them bear a close unalogy to the volcanic 
tuffs, but differ generally in the degree of their aggrega¬ 
tion from the latter, the basis of which, being for the 
most part a kind of volcanic sand, possesses a looser 
degree of consistency than that which accompanies trap 
rocks. 

General Characters of the foregoing Rocks. 

The above rocks have this peculiarity belonging to 
them, that they occur iu connection with all the forma¬ 
tions enumerated in the former part of this Treatise, 
from the oldest to the most modern, resting oil them in 
irregular tabular masses, occasionally alternating with, 
and still mo^e commonly intersecting them at various 
angles. 

When circumstanced iu either of the two former ways 
with reference to the accompanying strata, they have 
been denominated beds, with what propriety will ‘after¬ 
wards appear ; when disposed in the latter way they 
are called trap veins or whin dykes; whin being a pro¬ 
vincial term, originally employed by the colliers in 
Northumberland to designate any hard stone, but now 
introduced into the general language of Geology, for 
the purpose of indicating a rock, consisting of basalt, 
greenstone, or waeke, traversing the strata in the manner 
that has been represented. 

We shall consider, iu the first place, the general struc¬ 
ture of trap rocks, and afterwards, those circumstances 
which may lie regarded as peculiar, either to the one, or 
other of the forms iu which it is found. 

Trap rocks, in some one of their different forms, 
present examples probably of every kind of structure 
which has elsewhere been observed; examined on the 
small scule, wc remark them amygdaloidal, porphyritic, 
and granular; examined on the large, we find them in 
some instances slaty or fissile, as clinkstone, in others 
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Geologv. divided into thick tabular masses, as basalt and greenstone 
Ch. Iff.. ^ frequently are. 

Prismatic Structure. 

But that which peculiarly distinguishes rocks of the 
trap family, is the tendency to split into prismatic, or, 
speaking more generally, poiyedral masses, which, though 
it exists likewise in grunitic and a few other species of 
rocks, is no where so frequent or so well displayed as in 
these. The columns vary in the number of their sides 
from three, to six,seven, and even twelve; they are more 
generally straight, but not tinfrequently curved ; in size 
they may be said to vary, from au inch to nine feet in 
breadth, and from a font to 300 or more in height. They 
are sometimes continuous for a considerable space, but 
at other times arc obliquely and irregularly divided by 
fissures or joints, the convex surface of the one being 
inserted into a corresponding concavity of the other. 

The columns are usually at right angles to the direc¬ 
tion of the bed, but not always so; in some instances, 
indeed, they radiate from a central point, forming clusters 
of columns without any determinate direction, and still 
more commonly they are placed so irregularly as to 
iuterfeic one with the other. Sometimes in the same lied, 
one portion will be prismatic and the rest amorphous, 
whilst every intermediate condition, front that of jointed 
columns possessing an almost architectural regularity, to 
a total absence of all arrangement, will be perceived. 

ft has been usual to refer this kind of structure to the 
contraction, which the inass underwent during its cooling 
down from a melted state; and there is no doubt, that a 
prismatic structure may arise from a cause of this kind, 
as vv e sec exemplified ill many modern lavas, and in 
the shrinking of masses of clay, starch, &e, 

But there is one circumstance which seems to prove, 
that the prismatic form of trap is owing to a deferent 
cause ; namely, that in many cases the columns approxi¬ 
mate so nearly, that not even the blade of a knife can he 
thrust in between them. Now in every instance in which 
the same kind of structure is pioduccd by contraction, 
theory suggests, and experience confirms, the conclusion, 
tiiat a certain interval would be left between the co¬ 
lumnar musses so produced. 

Spheroidal Structure. 

We must, therefore, look to some other cause for the 
columnar arrangement of trap, nud probably the true, so¬ 
lution will be afforded its, by considering another kind of 
siruettfre noticed as existing in these rocks, namely, the 
spheroidal or globular. In this kind of structure, the rock 
is either wholly orin part arranged in halls of various mag¬ 
nitudes. The globular form is very conspicuous in the rock 
of the Sliiuut Islands; but according to Dr. Maccullocli 
does not appear to be common. A tendency, however, to 
this structure is manifested in most trap rocks, by the 
manner in which they disintegrate, those even which are 
columnar exfoliating into spheroidal forms when exposed 
to the weather. Now, it is evident, that a series of globu¬ 
lar concretions of trap, placed iu close contact, whilst in 
a pasty condition, or m the state of transition from fusion 
to solidity, would be by mutual pressure converted into a 
succession of jointed columiis, which, owing to slight 
differences in the compactness and consequent softness of 
the several parts of (he mass, would rarely be exact in 
their sizes and in the number of their sides, but would 
cxhibitnll those variations, which,In that respect,columnar 
basalt commonly displays- Neither docs it follow, that 


they may not in some eases have shrunk, after the pris- Geology, 
tuntic form 1ms I toon communicated to them by mutual Ch. III. 
compression, since this would begin to operate from the 
moment they ceased to lie liquid ; whereas the tendency 
to contract would continue up to the time at which the 
rock had sunk to the temperature of the bodies sur¬ 
rounding it. 

We conceive, therefore, that the spheroidal structure 
will be found to he the one most prevalent iu rocks of 
the trap family, and thut the prismatic is iu general only 
a consequence of it; the former, indeed, arising from a 
kind of molecular attraction, which begins to display 
itself in all melted bodies, from the moment they cease 
to be absolutely fluid, up to the time at which they be¬ 
come completely solid. Hence, the longer the interval 
between these two points, the more fully does this dis¬ 
position operate, as has heon shown by Air. (licgory 
Watt and others, w ho have caused the particles of glass, 
and even of lava, to arrange themselves in spheroidal 
concretions, by allowing them, after being melted, to le- 
tiii'n to a slate of solidity with sufficient slowness. 

Having now considered the general structure of trap 
rocks, let us next examine the peculiarities belonging to 
either of the two conditions in which they exist. 

Tabular Masses o f Trap. 

One of the most common forms in which (lie harder 
varieties of trap are found, is in large overlying masses, 
sometimes rising into high mountains, hut more ge¬ 
nerally capping' the sum mils of lulls of comparatively 
low elevation. These latter sometimes would seem to 
indicate stratification, hut this appearance is owing to 
their division into large tabular masses, which again 
have a tendency to decompose, in au abrupt manner, at 
right angles to the seams of the stratification, thus pic- 
sciiling a series of mural precipices, ranging one above 
the other, from which the term trap, which, in Swedish, 
signifies u stair, lias been applied to them. 

In other cases they appear to alternate with the rocks 
of the country, but this appearance is most frequently, 
though not always, deceptive. Dr. Maccullocli has shown, 
that many veins of trap put on a form so far parallel to 
the stratification, as, when partially viewed, to possess 
(he semblance of beds. Their true nature may in thc-e 
cases be determined by finding thut the parallelism is 
not long maintained, but that anyone such supposed 
stratum quits its place to intersect the adjoining and in¬ 
cluding stratdied rock, or sends ramifications through 
the whole series. (See plate v. fig. ft.) 

lit a few eases, where deep sections of cliffs afford op¬ 
portunities for examination, it is found, that irregular 
masses fie beneath the stratified rocks in some placer, 
just as they surmount them in others; utul that, from 
these also, veins proceed to the surface, or iu other 
directions. 

Without, therefore, altogether denying, that alterna¬ 
tions of trap rocks with iieptuiiian deposits may occur, 
a consequence which would necessarily ensue, if succes¬ 
sive formations of the former rock had taken place at 
the bottom of water, which was at the time m the act of 
producing deposits of clay, limestone, or sand ; let us go 
oil to consider the case of veins or dykes, to which class 
the great majority probably of stratiform masses of trap 
actually lielong. 

Dykes of Trap. 

'ihese dikes occur of ull sizes, from a lew inches to 
twenty or thirty yards in thickness. They extend in 
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Oaology. some cases many miles in length, as in the case of the 
Ch. III. great Cleavelaucl dyke in the North of England, which 
has been traced in a direct line more than seventy miles. 
They seldom ramify, blit pursue their primary direction 
in one continuous line. They are usually intersected hy 
fissures at right angles to their walls, and are thus divided 
into irregularly prismatic concretions. 

They often penetrate rocks belonging to different epochs, 
and wherever the circumstances of the country allow us 
to follow them for any distance, have been found con¬ 
nected with some great mass of the same material. From 
their superior hardness and durability, they generally re¬ 
sist decomposition better than the rocks which they 
intersect, and consequently Btund out above the surface 
of the ground, like walls of stone, whence, indeed, they are 
termed dykes: the term wall and dyke being synony¬ 
mous in North Britain. Their effects upon the contigu¬ 
ous rocks are very remarkable. The latter are often 
thrown down on one side, and elevated on the other, as 
if by the forcible intrusion of the trap. The same 
thing occurs, when two trap dykes cross one another, 
that which has been shifted being considered as of the 
greatest antiquity. The contiguous rock is variously 
altered according to its mineral constitution. If it be 
limestone, it is often rendered hard and crystalline, like 
marble; if shale or slate clay, it is turned into a sub¬ 
stance resembling flinty slate or porcelain jasper; if 
sandstone, it is rendered hard, and, in a few cases, pris¬ 
matic ; if it be gneiss, it is converted into a kind of 
hornstonc. (Nigg near Aberdeen.) 

But the most striking alteration is observed, where the 
dyke intersects the eoal strata. Iu some cases (Cleave- 
land) the substance of the coal in immediate contact with 
the trap is converted into soot, whilst at a little distance it 
is reduced to a coke or cinder, wholly destitute of bitu¬ 
men. The roof immediately over the coal is lined with 
crystals of sulphur, which may have been sublimed from 
the coal. 

Nevertheless these effects do not appear to be univer¬ 
sal, and it sometimes happens, that a dyke will traverse 
a series of rocks for a vast distance, without iit the least 
affecting them. They are also much more commonly 
produced by dykes, than by overlying masses of trap, 
though the case of the Meisner shows, that a similar 
iuflueucc is sometimes exerted even by a bed of green¬ 
stone overlying coal. 

Origin of Trap Rockt. 

Such then are the principal facts that seem agreed 
upon, with respect to the composition, structure, and po¬ 
sition of trap rocks; and the conclusion, to which the 
greater part of them evidently point, is, that they have 
been produced by igneous uction of a kind similar to that, 
by which volcanic products are forming at the present 
day. 

Their chemical constitution can hardly be held con¬ 
sistent with any other supposition, for they have been 
found by Kennedy to agree very nearly in this respect with 
those volcanic products, which they most resemble mine- 
rulogically, consisting, like the latter, of compounds of 
silica, with ahiiniue, lime, and an alkali, commonly po¬ 
tass ; substances, which have been never known to enter 
into chemical union, except under the influence of a high 
temperature, and have not yet been found as parts of 
any neptuuian deposit, except as rolled masses derived 
from another quarter. 

The general correspondence in niineralogical character, 


which may be traced betwixt trap and volcanic rocks, is Qeoloey. 
still more conclusive. Thus the basalts of the one find ch - 
their analogues amongst the augitic lavas of the other ; ' 
the syenites and greenstones correspond with the grey- 
stones or tephriues, and the claystone and felspar por¬ 
phyry with the trachytes that accompany modern 
volcanos. We even discover occasionally, in the midst 
of the products of volcanos, that have been in action 
since the valleys of the country were excavated, and, 
therefore, at a recent period, rocks so nearly identical in 
characters to those which usually are considered as trap, 
that we cannot deny that the latter are, in fact, produced 
by volcanic processes. Of this kind ore the basaltic 
colonnades, which occupy the bottom of the valleys in the 
Vivarais, and have evidently been derived from the vol¬ 
canic craters above them. The mineralogical and che¬ 
mical composition, as well as the prismatic structure, of 
these basalts, are precisely the same as those met with 
in trap districts; the only distinction that can be per¬ 
ceived being, the presence of void cells or cavities of very 
minute size, which seldom exist in the older traps with¬ 
out being occupied more or less with crystalline matter. 

Neither would it be difficult to find, among the tra¬ 
chytes of Hungary, Auvergne, or the Euganeun hills, 
rocks identical in structure and composition with the 
porphyries of older date ; as, for example, those which 
accompany the trap rocks at Sandy Brae, in the County 
of Antrim. The inferences too which an examination of 
the rocks, placed as it were at the opposite extremities of 
the series in point of antiquity, could not fail to suggest, 
are greatly confirmed, by observing the appearances pre¬ 
sented hy those which belong to an intermediate age. 

From whatever cause it may have arisen, it is at least 
certain, that, connected with the deposits belonging to 
the tertiary periods, is found a class of rocks, which, if 
regarded us volcanic, seem often to present the characters 
of trap ; and if considered as trap, to put on frequently 
the characters of recent volcuuic products. Such are the 
formations in the Val di Noto, in Sicily, in several parts 
of Italy, in Auvergne, in Hungary, and in other parts 
of Europe, all of which have been traced to one particu¬ 
lar period in the history of our Planet; namely, one sub¬ 
sequent to that at which the chalk appears to have been 
deposited, but antecedent to that in which the Earth was 
peopled by jts present inhabitants. 

Nothing, it is clear, could afford a more striking proof 
of an identity in the origin of trap and volcanic rocks, 
than this apparent transition from one to the other, in 
proportion as the circumstances under which ih<*y were 
formed came more and more to resemble those of the 
present time. 

Wernerian Theory with regard to Trap. 

Yet, notwithstanding this accumulation of evidence in 
favour of the community of their origin, it is no long time 
since the opposite opinion was espoused by some of the 
most distinguished Geologists in Europe, and a theory, 
at once clumsy and gratuitous, was invented, for the pur¬ 
pose of explaining, without having recourse to igneous 
agency, the position occupied by trap rocks, which lie 
incumbent on whatever stratum might chance to be 
uppermost. 

No doubt, the weight attached to the name of Werner, 
who was regarded not unjustly as the father of scien¬ 
tific Geology, gave to his views on this subject a cur¬ 
rency, which they would not olhewise have obtained, but 
even his authority would not have induced Ins disciples so 
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Geology.- sr«wnlly •« adopt his opinion, had (liorc not been 
Ch.ll/. clilfieuliics in the way of the opposite doctrine, which 
served in some degree as u set-off to the glaring 
absurdities of their own. We might indeed, in candour, 
to suppose, that tile Ncptunians, ns they were called, 
agreed only in rejecting the volcanic theory of trap ns 
supported by insufficient evidence, and that the majority 
of them entertained no very decided views with regard 
to the manner in whieh it was really formed. Werner, 
indeed, had called up the ocean to the very summits of 
the hills, at a period subsequent to the deposition of the 
other rocks, in ordev to overspread the Earth with the 
materials' of his newest flcutz trap formation; lint his 
followers must have regarded this merely in the light ol 
an hypothesis, brought forward in order to show, that 
other possible inodes of accounting for the origin of trap 
might be imagined, without invoking the aid of the God 
of Fire. 

We shall not, therefore, concern ourselves with tin’s 
hypothesis, to which few probably ever attached implicit 
confidence, but will merely consider, what was the nature 
of those difficulties, that induced so respectable a class 
of Geologists, not very long ago, to withhold their 
assent from the position, tlmt trap rocks were the vol¬ 
canic products of nu earlier period. In doing this, we 
shall particularly refer to one only of these roiks, 
'namely, to basalt, conceiving the whole question, as to 
the formation of other members of the series, to hinge 
entirely upon the result of our inquiry with respect to this. 

Arguments in favour of the Aqueous Origin of liasalt. 

The aqueous origin of basalt was asserted, or rather, 
to speak more correctly, its igneous origin was denied, 
partly from its relations to other rocks, and partly from 
its own composition, structure, and position. 

It was shown to pass, on the one hand into*green¬ 
stone, and on the other into wacke, both which sub¬ 
stances, it was argued, must have been of aqueous 
origin; greenstone, because, if it had iiudcrgoro fusion, 
the ciystain found in it would have been obliterated; 
wacke, on account of its passage into clay and similar 
confessedly neptunion deposits. 

It was also fonnd to alternate repeatedly with these 
latter, often without effecting any apparent change in 
their nature. • 

Tile composition of basalt, it was said, contradicts 
the idea of its having been affected by fire- it contains 
watcr^ which does not exist, ns bad been shown by 
Kennedy, in the recent lavas most nearly allied to it—it 
contains various crystals which arc fusible at a heat below 
that at which basalt melts—and it even envelopes masses 
of limestone, containing all their carbonic acid, and 
occasionally with their petrifactions uninjured. The 
structure of basalt is, ft was alleged, still more strongly 
opposed to such an opiuion ; instead of being vesicular, 
harsh, and vitreous, like modern lavas, it was compact, 
stony, and sonorous like iron ; instead of being split into 
irregular, polyedral masses, with wide, intervening spaces, 
it wan often divided into prisms affecting a great degree 
of regularity, and closely touching each other. 

Unlike lavas, it cannot be traced to n crater; nor does 
it, like them, descend into the bottoms of valleys; but 
is found ofteir capping hilts, whilst it is entiiely absent 
from the low country contiguous. 

As to the similarity between basalts and lnvasin point 
of chemical composition, it was argued, that this ou’y 
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proved the latter to have been deiiveil fiom the fusion of Gvologv. 
trap, not the former to have been produecd by heat them- , '* 1 ' 
selves. '-"■s'™*-• 

Shown to hr fallacious. 

Some of these arguments, mi doubt, were founded on a 
mistaken representation of facts; thus wacke being an 
earthy kind of trap, and containing the same ingredients 
as basalt, may be produced in some instances fiom the 
disintegration of the latter rock ; and when that is the 
ease, its further decomposition would give rise to a rock 
no wise different from day. All the cases, probably, in 
which the passage from liasalt to clay has been asserted, 
fall under this predicament. 

The greater number, too, of the eases cited, in which 
organic remains are said to have been detected in tiap, 
are equally erroneous ; the rock in which they are found, 
being cither a trap tutf, as in the Island of ('anna ; or a 
wacke, derived, probably, from the decomposition of 
basalt, as at Joachimslnl, in Saxony; or, lastly, a rock 
altered by the contact of basalt, us the flinty slate of 
Portrush, near the Giant’s Causeway, which contains 

ammonites. 

Hut. even if basalt had in any instance been fount! to 
contain organic remains, this would lie no more (linn has 
been met with among the ejections of volcanos. 'Finis, as 
jVlr. Delabecbo informs us, in Signor Montieelli's collec¬ 
tion of Vosuvinii products at Naples, occur fragments of 
the compact limestones of the district with their organic 
remains imbedded. 

'flic presence of crystals fusible at a heat below that 
required by their matrix, offers no objection to the igneous 
origin of trap, now that it is conceded, that these very 
crystals limy have been pioducod subsequently, owing - to 
the play of affinities brought ahold by the fusion of the 
mass, and operating dining the progress ol its return to 
a state of solidity. 

Differences bit wren Lava and liasalt erjilained. 

Hut there arc other manifest <ldu n nees between 
basalts' and lavas, which icquiie to be accounted for, 
before vve allow nuisehes to refer the former to volcanic 
agency; namely, their gi eater compact ness and more 
stem aspect, the general absence of glassy mid of vesi¬ 
cular pioducts, the more icgul.ir prismatic structure 
which they assume, their originating' in dykes, and not 
in ci.iters, mid other peculiarities above alluded to. 

ft remains then to be s, cn, what were the condi¬ 
tions, which caused the volcanic products of an ember 
period to assume an appearance in many respects so 
diUcicnl trim that which they affect at present. 

One circumstance will immediately occur to 11 s, as 
establishing n distinction between the two cases. 

We have seen in the former pail oftlnsTrcati.se, that up 
to the period of the U'lliury formations, the greater part 
of the Globe, or at least of that portion of it which has 
come under our observation, was ••oveicd to a gieut 
depth by water ; for, although the formation of beds o/ 
coal, the occasional occurrence of fresh water shells, 
and that of the remains of land animals, convince us, 
that certain portions of what is now dry land was 
even at that lime elevated above the waters: still it is 
probable, that these constituted merely detai bed Islands 
in the midst of the abyss of ocean; and that the 
•■real hulk of our continents were at that period sub¬ 
merged. ft follows from this, that the majority of 
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•ol>gy. the trap rocks tlu-n formed must have been submarine 
i. III. lavas, and hence we scent once a distinction between 
the above and those of the present day, which, where- 
evor they are presented to our observation, sire neces¬ 
sarily suhaereal, or at least consolidated only in shallow 
water. Thus in the volcanic fsland recently produced in 
the Meditcrranenn, the products that have come under our 
notice, are porous and vitreous, like those of Vesuvius; 
hut these, though products of a submarine volcano, have 
nil been ejected into the open air, ami, consequently, par¬ 
take of the character of suhaereal lavas. 

J'.ffirts of [Tint modified hjj Pressure. 

This distinction, lir«l pointed out by Dolontieti and 
Strange, was happily applied by Dr. Hutton, in his cele¬ 
brated Theory of the Earth, to account for the differ¬ 
ences bet ween trap rocks and lavas, on the principle, that 
the cflirt of I lie heat applied would lie modified in these 
two eases, by the influence of the pressure exercised by a 
superincumbent ocean upon the former, and by the ab¬ 
sence of any such pressure on the latter. 

“ The tendency of an increased pressure,” to use the 
words of his illustrator, Professor Playfair, “ on the 
bodies to which heat was applied, is to restrain the 
volatility of those parts which otherwise would make 
their escape, and to force them to endure a nu re intense 
action of heat. At a certain depth under the sea, there¬ 
fore, the power of a very intense heat might he unable 
to drive oil 1 the oily or bituminous parts from the 
iidhiumiuhlc matter there deposited ; so that, when the 
heat was withdrawn, these principles might he found 
sbll united to the earthy and carbonic parts, forming a 
substance very unlike the residuum obtained nflcr com¬ 
bustion under a pressure no greater than that of 
the atmosphere. It is in like manner reasonable to 
believe, that on the application ol heat to calcareous 
bodies under great compression, the carbonic acid would 
be forced to remain, the generation of quicklime would 
be prevented, anil the whole might be softened, or even 
completely melted ; which last effect, though not dedu¬ 
ct hie from any experiment yet made, is rendered very 
possible from the analogy of certain phenomena.” 

These latter anticipations were soon after realized by 
the masterly experiments undertaken by Sir James 
Hall, which showed, that the carbonic acid, usually driven 
nil" from limestone by the action of heat, may he retained 
in cninhmution with it by a pressure greatly inferior to 
that of the present ocean ; and that the calcareous mat¬ 
ter under such circumstances enters into fusion at a 
temperature, which it completely resists when this elastic 
material is expelled. 

Sir James Hall has applied this discovery with great 
success to the explanation of the calcareous matter occur¬ 
ring in the cavities of amygdaloidal traps, anil the water 
present in those of certain agates existing in the same 
class of rocks. The «ainevvill also account for the greater 
ocllularity w hich modern lavas possess than the generality 
of traps, the (farmer, even in the innermost part of the 
stream, where, owing to the pressure of the superincum¬ 
bent mass, their density will be greatest, exhibiting a 
numlef of minute vesicles, the existence of which serves 
to distinguish them from ordinary basalt. 

Not that we must suppose all trap rocks to be destitute 
of cells, any more than we arc warranted in inferring, 
that all the eruptions that took place at these periods 
necessarily occurred in deep water. 


The existence of amygdaloids, such a« are the toad- Geology, 
stones of Derbyshire, seems to imply, that the pressure Ch. bl¬ 
under which certain traps were tunned was not suffi- ' 
cient to prevent the disengagement of aeriform fluids; 
for it is dillicult to reconcile this phenomenon to the theory 
of Sir James Hall, who imagined that such cavities were 
caused by the infiltration of the crystalline matter, which, 
when it entered into fusion with the whinstone, kept 
separate from it, as oil does from water. If this had been 
the cause of the cavities, they ought to be entirely filled 
with crystalline matter, which is not the ease. Neither 
is the presence of crystalline matter occupying the cavi¬ 
ties a fact absolutely without exceptions. Dr. Maccttl- 
loch instances the trap of Little Cumbray, in the Kyles 
of Bute, as consisting of vesicular lava, so light ns 
almost to float on water, having its cells entirely empty, 
and with a glazed, internal surface, like that of volcanic 
scoria?. 

But these partial exceptions will not he considered as 
sufficient to invalidate the general position, that traps 
are of submarine origin, until some Geologist will either 
undertake to explain, on some other principle, the differ¬ 
ences allowed to subsist between them and lavas, or will 
point out the inadequacy of Sir James Hall’s theory to 
account for these points of distinction. 

Why submarine. Lavas cool slowly. 

It is true, that the stony aspect, of basalt, and the 
crystalline or granular appearance belonging to green¬ 
stone and other members of the trap formation, are less 
obvious consequences of the ptinciple therein assumed. 

But it will not be difficult to show, that, although a body 
of shallow water, from the more rapid cooling it would 
occasion, was likely to favour the formation of vitieous 
products even more remarkably, than that exposure to 
the atmosphere which sub,ideal lavas undergo; yet deep 
water would possess the opposite tendency so com¬ 
pletely, that we ought to meet among submarine lavas 
few : ubslatiees of this description, except where the 
material had been injected in thin streams into the. 
fissures of a rock, possessing a different temperature, and 
therefore capable of robbing it of its heat in a more rapid 
manner. 

In order to understand tills, we need only recollect, 
that the. cooling agency of water under ordinary circum¬ 
stances, is owing, not to its being a good conductor 
of calorie, but to the circulation induced in the strata 
of that fluid when heat is applied to it. 

This circulation is effected in two ways: in some 
degree, by the heated particles of water at bottom be¬ 
coming specifically lighter, and consequently displacing 
those above, but in a still greater degree, owing to the 
absorption and subsequent disengagement of caloric, 
caused by the conversion of successive portions of water 
into steam, and their return to their original condition, 
when they come into contact with the supernatant 
liquor. 

Now it seems almost a corollary from the laws esta¬ 
blished by Sir James Hall, and others, that at the bottom 
of the ocean none of the water could be converted into 
stenm; for if, as this writer infers, the pressure was 
sufficient to preserve water existing in the very midst of 
the lava (where the heat must be supposed to be at its 
maximum) in a liquid form, still more completely would 
it prevent that, which was incumbent on the heated 
mass, from assuming n gaseous condition inconsequence 
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Geology. 0 f th e heat communicated from below, [t seems pro- 
t:ll ~ , bablc, tlicrefore, that, as water is in itself a slow conductor 
s "“ v of heat, the cooling of submarine lavas ought to proceed 
still more leisurely than that of snhaereal ones is found 
to do, and hence that their component parts would 
remain for a still longer time in that intermediate con¬ 
dition between fluidity and solidity, during which, ns 
Mr. Gregory Watt and others have satisfactorily shown, 
the particles, released from the controlling power of 
cohesive attraction, and yet brought within distances 
favourable to the play of their mutual affinities, enter 
must readily into new combinations, and assume those 
crystalline arrangements which arc natural to them. 

Perhaps, likewise, the superior density of submarine 
lavas, the general absence of cells, and their not sending 
forth to the same extent those emanations of gaseous 
matter which appear to proceed from modern currents, 
might contribute to the same effect by still further pro¬ 
longing tin; period of cooling. 

Prismatic Structure accountedJor. 

The same considerations may explain the prismatic 
structure belonging to many traps, which we have shown 
to have resulted from the tendency to form spheroidal 
concretions, naturally assumed by such rocks on being 
allowed to cool slowly. Instances of this same struc¬ 
ture are stated to occur amongst modern volcanic 
formations; as by Mr. Scrope, in the interior of the 
crater of Vesuvius, as displaced in 1822; and by 
Hrcislac and others, in the lower portions of a lava bed 
at Torre del Greco. It is certain, however, that such 
cases are rare, and that those igneous rocks of recent 
origin, in which an approach to such a structure is ob¬ 
servable, appear for the most part to have, derived it 
rather 1'iotn the contraction occasioned by suddefl cool¬ 
ing, tlmn from the mutual pressure of spheroidal concre¬ 
tions taking place during a more gradual otic. 

Such are the columns of lava worked into millstones 
at Niedertnennig, near Andernach, which manifest their 
real origin by gradually approximating more and more, 
until at a certain depth they become united into one cou- 
tinuons mass. Such also are the rude columns observed 
near Torre del Greco, belonging to a lied of Javn that 
hud flowed into the sea, the result evidently#)!' the rapid 
cooling thereby occasioned ; ami in another instance from 
the same locality, in which, as Professor Lye 11 observes, 
“ the rock may rather be said to be divided into numerous 
perpendicular fissures, than to be prismatic, although 
the same picturesque effect is produced. In the lava 
currents of 1'eiilrul France, (those of the Vivarais in 
particular,) the uppermost portion, often forty feel or 
more in thickness, is an amorphous mass passing down¬ 
wards into lava, irregularly prismatic ; and under this, 
there is a foundation of regular and vertical columns, in 
that part of the current which must have cooled most 
slowly. But the lavas last mentioned are often one 
hundred feet or more in thickness, and we cannot expect 
to discover the same phenomenon in the shallow cur¬ 
rents of Vesuvius, although it may be looked for in 
modern streams in Iceland, which exceed even (iiose of 
ancient Frunce in volume.” 

Now the greater frequency of prismatic rocks in sub¬ 
marine than in subaereal volcanos is explained, by 
reflecting, that the slow cooling essential to that struc¬ 
ture, which in the latter is accidentally, or in u lew cases, 
brought about by the remarkable thickness of the muss 


superincumbent, and that only in the lower portions of Givk),.y. 
the bed, is caused iu the former throughout, hv the vast ( 1 **• 
pressure of the ocean above, whatever mav be the sup- ' 

posed thickness of the bed itself. 

Greater fri-qw r.cy if Dykes. 

With regard to the next point to lie considered, namely, 
the absence of crate re, and the greutci frequency of dykes 
in trap rocks, it must be admitted, that we are rather 
unfavourably circumstanced in order to drawn correct 
compiuisou between these and more recent volcanic pro¬ 
ducts in the hitter particulars. The eraleis of submarine 
volcanos, when composed of loose fragment--, would be. 
exactly the portions most likely to have been sv, epl away 
by the currents of the ocean, or other causes; whilst it 
they consisted of lavas, they might indeed remain, and 
yet all TOstiges of their original i onflgiirution be oblite¬ 
rated by the rocks superimposed. 

It would be rash therefore to assc’i't, that craters never 
have existed, because vie do not discover utiy traces of 
them at present. On the other hand, it is only where 
accidental circumstances reveal to us the internal structure 
of a modern volcano, that we can expect to find dykes, 
mid there ivc do occasionally mcit with them. Thus they 
are well known to exist oil the sides of the old crater of 
Monte Somina, (sea- pi. v. fig. f>.) and Professor Lycll 
lias noticed the same ill that ol Vesuvius at present; these, 
however, are probably pi minced by .the tilling up of open 
fissures with liquid lava, which had occupied the hollow 
of the crater, niul therefore do not precisely resemble in 
the mode of their formation those trap dykes uliieh 
exist in older rocks, the results of an injection of liquid 
lava into the fissures, through which it made its escape 
to the surface. 

Iu order fairly to compare together the action of ancient 
and modern volcanos iu this respect, we ought to refer 
to sections of some modern volcanic mountain, taken at a 
distance fiuin its crater, of which some of the Lipuri 
islands afford ns good examples, (sec JDuuhcny’s De¬ 
scriptions of Volcanos, and pi. v. fig. 1 and :!,) as also 
does the Vnl de Hove in Etna, described by Professor 
LyeII. (See pi. v. fig. 3 and 4.) 

There ive shall see dykes, which, though mincrulogi- 
eally resembling modern lavas, correspoint, in their rela¬ 
tion to the contiguous rocks, to the trap dykes described 
by Dr. Macculloeh iu his H'l.dcrn Islands, as run¬ 
ning for a considerable space parallel to the strain, 
though originating in some great mass of trap under¬ 
neath. (See pi. v. fig. (>.) 

Nevertheless, although it is impossible by a direct 
appeal to ‘acts to establish beyond the reach of cavil the 
greater frequency of dykes amongst submurine volcanos, 
yet probability is certainly in favour of such an assump¬ 
tion. 

“ If volcanic forces,” remarks Professor Sedgwick, 

“ ever have acted on a great scale upon unbroken and 
nearly horizontal strata, especially while such strain 
were under the pressure of the sea, the formation ot 
tabular and vertical masses of lava appears a natural 
consequence of such action. Where, on the contrary, the 
pressure of the sea is removed, and the crust of (lie 
earth is broken through, vulcanic fluids will find a ready 
escape, eruptions ot lava will be eonlined to one spot, 
and the operations will lie of a class iiltogclhcrvlillcieiit.” 
(Sedgwick s (lcol. of High liisih/h j 
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Geology. Trap Koch, at what Periods formed. 

eii. in. 

The admission, tlmt trap rocks are lavas, tends very 
much to enlarge our idens with respect to the extent of 
volcanic action at different periods. 

From the occurrence of these products in connection 
with every secondary formation, from the earliest down 
to the most recent, the chalk, it might be concluded, 
that volcanic action had taken place during every one of 
these successive periods; hut, except when they can be 
proved to stand in the relation of beds interposed 
between the strata, such an inference would not be 
warranted. 

Let us take, for example, the oldest nick with which 
any considerable mass of trap is associated in Great 
Britain, namely, the carboniferous system of the North¬ 
ern Counties, and that in the neighbourhood of Glasgow 
and Kdinlmrgh. 

The former of these, namely the coal field of North¬ 
umberland, is associated with many very remarkable 
dykes, overlying masses, and apparent beds of trap, but 
tlie most considerable of the latter, the great whin-sill, 
which is seen arranged conformably with the carbonife¬ 
rous limestone of Teosdale, and the Northern limestones 
of Northumberland, has been pronounced by Professor 
Sedgwick to be. in fact a stupendous dyke, or collection 
of dykes, which lias been injected laterally between the 
strata, lie, however, is inclined to refer the injection of 
this, as well as of the majority of the trap rocks of tlmt 
neighbourhood, to a period antecedent to the magnesian 
limestone. Mr. Hutton, and Mr. Phillips of York, differ 
from the professor in their view of the origin of the 
whin-sill, regarding it as in great measure formed by 
periodical submarine eruptions of lava, which took place 
at intervals during the deposition of the carboniferous 
strata with which it is associated. In either case, there¬ 
fore, much of this extensive basaltic formation is allowed 
to be of a date as ancient as the carboniferous rocks 
themselves. 

The trap rocks of Staffordshire, on the contrary, con¬ 
stitute overlying masses, which may either be contempo¬ 
raneous with the coal measures on which they rest, or 
may have been of a date much posterior. 

Lastly, the trap rocks near Glasgow are so connected 
with those of the Western Islands, as the latter again 
are with those of the County of Antrim, which are 
posterior to the chalk, that we should be led to ussign 
a much later epoch to their ejection, and likewise, per¬ 
haps, to extend the same inference to those in the vicinity 
of Edinburgh. 

Thus we have three cases brought together, in which 
trap rocks are associated with the same system of rocks; 
the one of which is of a date antecedent to the magne¬ 
sian limestone, or at latest contemporaneous with it, the 
third of the same age as the chalk, and the second 
doubtful. 

In Derbyshire we meet with an apparent alternation of 
beds of trap called toadstone, which are more generally 
amygdaloidal, but occasionally compact, with the carbo¬ 
niferous limestone formation. But before we absolutely 
decided that the two are contemporaneous, it would be 
necessary to establish more completely than has yet been 
done, that they are conformable. If this be not the case, 
tiu-y may have been ejected long subsequently. 

The most extensive, however, and in all respects 
the most interesting system of trap rocks, found within 
the compass of the United Kingdom, is that which 


occurs in the Western Islands of Scotland, and which Geology, 
appears to be continued on in the County of Antrim, in Ch. Ill, 
Ireland. It is interesting, not only from the numerous 
sections which its situation near the coast supplies, but 
likewise from the circumstance, that it is not mixed up, 
as those in other instances are, with the volcanic rocks 
of an intermediate period, no remnant of the operations 
which occasioned it being discoverable, either by the 
existence of hot springs, emanations of carbonic acid, or 
even earthquakes of any remarkable kind in the conti¬ 
guous country. 

It nllbrds us, therefore, the means of comparing the 
products of submarine volcanos with those of snhncreal 
ones, and at the same time of inferring, on evidence as 
conclusive, perhaps, as the subject itself can ever admit 
of being adduced, that volcanic action has in some in¬ 
stances expended itself, or at least has periods of rest 
beyond comparison longer in some cases Ilian in others. 

Now either of these suppositions seems more consistent 
with the chemical theory, which imagines a definite 
quantity of combustible materials to be present in parti¬ 
cular situations, than witli the opposite one, which con¬ 
ceives the existence of an unexhausted fountain of 
melted matter underneath, such as should cither gush out 
continually, or at least flow at intervals more approach¬ 
ing to regularity. 

The trap rocks of the Hebrides manifest themselves 
under nil the forms which have before been alluded to ; 
but it would seem from the observations of Macculloch 
and others, that the apparent alternations which have 
been remarked between them and the rocks of the coun¬ 
try, are merely caused by dykes intruded laterally between 
the fissures of the strata. Hence we are only sure, that 
a considerable part at least of these trap rocks is poste¬ 
rior to the most recent of the strata found associated 
with them, and the latter appear from the researches of 
Mr. Murchison to belong to the oolitic series. 

But there is no evidence, that they may not be much 
later; for the basalts of the Giant’s Causeway, on the 
opposite coast of Ireland, intersect the chalk, and are, 
therefore, posterior to that formation. 

It is true, that Dr. Macculloch has shown, from the 
occurrence of tiap nodules in a conglomerate rock of 
Kerrera, that trap rocks must have been formed at a 
much earlier period ; (.Western Islands, vol. i. p. 114 ;) 
but, as we cannot on any supposition refer the whole to 
this epoch, we are quite at liberty to adopt any inferences, 
to which the facts may appear to lead, with respect 
to the age of the principal portion of that found in the 
Hebrides. 

Perhaps, therefore, the Wernerians were not altogether 
wrong, in referring the great overlying masses of trap, 
that they observed in Saxony and elsewhere, to one epoch, 
mid that the most recent, which, in the then existing 
state of their ignorance with respect to tertiary rocks, 
they were able to recognise, designating them by the name 
of the newest floetz trap formation ; for ulthough we may be 
compelled to acknowledge, that these rocks are of several 
distinct periods, and that in a great majority of cases their 
date is uncertain, still it seems by no means improbable, 
that the most extensive eruptions of submurine volcunos 
took place about the period just alluded to. 

This is rendered more agreeable to analogy, when we 
r emark, that by far the most extensive manifestations 
of volcanic agency appear to have occurred, either at a 
period contemporaneous with that to which we have sup¬ 
posed the trap rocks to belong, or at oue immediately 
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subsequent to it, that is, during the deposition of the 
different tertiary formations. 

it is remarkable, at least, that all the extinct, as well 
as all the active volcanos, which have been as yet ex¬ 
plored, may be traced up to this period, regarding, that 
is, os we have a right to do, all the volcanic rocks of 
a district as emanating (iom the same focus of action. 

Thus the lavas of the Val di Noto alternate with rocks 
which appear to be tertiary; as also do those of Auver¬ 
gne, of Hungary, of Styria, and of the North of Italy ; 
so that, whether we regard the trap rocks of the Hebrides 
as contemporaneous with the latter, and attribute their 
greater compactness to the depth of water under which 
they were ejected, nnd from which they may lmve since 
been upraised, or whether we prefer to consider them as 
produced somewhat earlier, still we shall find equal 
reason for concluding, that during the period comprised 
between the date of the deposition of the chalk, and that 
of the creation of the existing races of animals, circum¬ 
stances were peculiarly favourable to the dcvclopemcnt 
of volcanic operations. 

It is remarkable, too, that trachyte, properly so 
called, seems almost confined to this intermediate period ; 
for although Humboldt speaks doubtfully as to the 
position of this rock in the New World, yet in the Old, 
it is found in a number of instances posterior to some of 
the tertiary rocks, and we know of no instance in which 
it is decidedly proved (o be of greater autiquity, whilst its 
rarity amongst lavas of modern ejection would seem to 
show, that it was not, under ordinary circumstances, a 
product of existing volcanos. Whether this circumstance 
is to be regarded as the cause or the effect of that eleva¬ 
tion of a large portion of our continents from the sea, 
which took place at this epoch, it may be difficult to say ; 
but it is certain, that both events may he traced to nearly 
the same period ; and hence vve observe amongst Jlie vol¬ 
canic rocks of this age, that singular intermixture of 
compact with cellular, of glassy with lit hold lavas, which, 
at the same time that it affords the most decisive evi¬ 
dence of the igneous origin of trap, indicates the different 
circumstances under which these rocks were formed; 
sometimes under the pressure of water, and at other 
times elevated above it. 

Section 2. • 

On Granitic Rocks. 

The circumstances under which the germs of igneous 
energy may he excited to activity, are so various, that 
even amongst volcanic products poured into the atmo¬ 
sphere, there is great local diversity. If wc remember 
that, for the most part, the phenomena of submarine 
volcanic action are wjiolly concealed from our view, we 
shall be prepared to expect that among the masses for¬ 
merly produced by it beneath the lied of the sea, and 
uplifted hy subsequent convulsions to the day, many 
varieties of rocks should be met with, differing very 
greatly from the products of actual volcanos. As the 
fur greater portion of volcanic effects takes place in the 
deep parts of the earth, where the rocks remain to be 
again and again exposed to new influences, it is reason¬ 
able to suppose that the products collected from volcanic 
vents form but a small part of the series. 

The subterranean lavas, now in course of production 
and consolidation, could they be uplifted to the day, 
would be found very different from the superficial lavas, 


and far more extensive and abundant. Though, as the (tenlngy. 
preceding section lias shown, there be many close nnato- *•’**■ Hf. 
gies between ancient and modern igneous rocks, we 
ought to expect that the most abundant of these old 
rocks, while they afford sufficient evidence of their being 
generated hy heat, should appear different from ordinary 
lava. Granitic rocks are exactly in this case; they are 
far more abundant than the trap rocks, which most 
closely imitate volcanic products, und lmve a different 
general character. Yet as between superficial nnd sub¬ 
terranean lava every variety of products maybe expected 
to occur, corresponding to the various conditions, wc 
find between granitic and basaltic rocks so many inter¬ 
mediate varieties, that it is impossible to separate by 
hard and decisive characters these extremes of the series 
of old igneous rocks. Basalt is really a volcanic pro¬ 
duct, in the restricted sense of the word, though not 
exclusively so ; and thus we have from vesicular pumice 
and glassy obsidian an uninterrupted series of gradu¬ 
ally changing aggregations to granite. 

Granite deviates on the one hand hy continual do- Keeks. ii:ic<I 
crease of the magnitude of its particles into veiy close- r M| ‘"e. 
gluilied felspathic rocks, which arc greatly analogous to 
cet tain kinds of porphyry; on the other, by the substitution 
of hornblende for mica into syenite. As examples of the 
latter change, we may instance the sycnitic granites of 
CiTtnehan and Slrontiau : the former is illustrated in the 


granite veins of Arran, and in the fine grained granite nt 
Wasldale and Dullon I’ike. (Westmoreland.) In some 
cases it might, perhaps, he safely admitted, that the same 
originally fluid mass 1ms been cotrolidaled partly into 
granite and partly into porphyiy, uccoidiinr to the cir¬ 
cumstances in which the Inpidifieation happened. In 
tlie Valteline granite deviates into liypersthcne rock. 

It would he a mere waste of time to repeat, for the < 
particular case of granite, those arguments, derived from 
the crystalline aggregation of many minerals never 
known to he produced from water, hut several of which 
have been fabricated in the furnace, and nearly all art* 
volcanic products, which establish the probability of the 
igneous origin of the whole class of plutotiic rocks. 

We have shown above that the composition ol granite 
passes by very easy steps to that of rocks whose igneous 
origin is perfectly unquestionable ; if to this we. add the 
fact, of granite entering cracks and fissures in con¬ 
tiguous rocks, as day slate in Cornwall, hornblende 
slate in Glen Tilt, gneiss in Cumberland and at Slrnu- 
tinn, we shall have said enough in the pieseut advanced 
state of Geology to secure the admission that giamte 
was generated by heat. 

The alternations which in several Countries obtain 
between granite and some of the older stratified locks, 
as mica, schist, gneiss, &c., seem not at all irreconcil¬ 
able with this view ; but they will hereafter, when rightly 
understood, be found of great value in determining some 
peculiar conditions of the granitic eruptions. , 

If wc seek to understand the circumstances which IVcnb.ir 
have impressed upon granite characters so generally G'.omtei “ f 
distinct from those of the other phitonie rocks, vve shall L ' 
find the following facts important. I. Granitic rocks 
usually occur in very large masses below the whole, ora 
very large pait of the whole series of stiatu, and were 
evidently formed under the pleasure of n great body of 
water, if not under a pile o! supciincumbent stiala. 

2. Titov ate so extensively spread beneath the neptunian 
l-ocks iis to deserve, perhaps more than any other, the 
title nt an univcr-al formation. !i. Gtsuite veins, in 
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proportion to then minuteness and distance from the 
parent mass, grow continually finer in the plain and 
more porphyroidal in every respect. This effect is most 
completely seen along the sides of the veins. 4. In 
Countries where the great masses of igneous rocks are 
granitic, as for example Cumberland, the dykes and 
smaller masses arc mostly of porphyry, or of a felspathic 
qunrt/.oso rock, of rather dubious character, which may 
he called syenite, porphyry, or iimnicaceous granite, 
according to the locality. Such rucks occur about. 
W astdale head, in St. John's Vale, under Ilelvellyn, and 
in High Pike. 

On comparing these general facts with Mr. G. Watt's 
experiments on the aggregation of fused basalt, there 
appears sufficient ground fur believing that the very high 
crystalline character of granite is owing to its being pro¬ 
duced at great depths where it was very slowly cooled 
to the point of crystallization. We may further venture 
the hypothesis, that porphyry is merely another state of 
consolidation of a similar lelspathic compound, as trachyte 
has been supposed to be derived from older porphyries, 
or even from granite. 

ft appears, therefore, that among the older pyroge- 
lious rocks we may distinguish the same two leading 
groups as among the modern volcanic products, elmrae- 
, tensed by the prevalence of some kind of felspar in the 
first, and of augite, hornblende, hypcrstliene, diallage, 
or some other analogous generally ferruginous mineral 
in the second; that _ in each of these occurs a great 
variety in the size, distinctness, and aggregation of the 
crystals, corresponding to the circumstances of the 
consolidation and differences of composition of the mass. 
The following short synopsis will express some of these 
relations among the older rocks. 

Plutonic rucks are—1. Felspathic, us granite, pcirpliyritie granite’ 
porphyry, nmygil.ilmil.il porphyry, elay- 
stuiie, piti'hstouv. 

2. Hi,ml,ten,In, ( ^’si'.vth.e, us syenite, hy- 
liypeistlieim, ,Vc j l^!^ ,ock - « lll,br0 * 


with granite will justify us in taking a more extended 
review of its mineral and chemical composition than , 
were necessary while treating of other pyrogenous rocks. v 
Granitic rocks have long been regarded as the source 
of most of the ingredients of sedimentary strata; u 
newer theory supposes that granitic rocks are con¬ 
tinually forming beneath our feet, in quantities propor¬ 
tioned to the time, by the action of subterranean heat 
upon the hydrogenous strata. On both of these points 
some further information concerning the composition of 
granite will be useful. 

Granite is essentially a felspathic rock. Whatever Felspar, 
variations happen in respect of the quantity of other 
ingredients, felspar, in a crystallized state, is universally 
the basis of granite. In graphic granite the planes of 
crystallization of the felspar arc continuous for great 
spaces; in porphyriliegranite it generally happens that 
the axes of the prismatic crystals of felspar lie nearly 
in the same direction; but in common granites it is 
probable that the crystals of felspar lie in all directions, 
like the calcareous crystals of primary limestone. The 
felspar is red, white, green, &c. 

Quartz, in a grey, transparent state, more or less Quartz, 
evidently crystallized, is almost never absent from 
granite, but its quantity is very unequal. In graphic 
granite, quartz, in a sort of interrupted crystallization, is 
engaged among the lamina; of felspar, so as to assume 
angular and intersecting figures not unlike the characters 
of some Oriental language, in the porphyritie granite 
of Westmoreland the natural faces of the large crystals 
of felspar arc impressed with very small bipyramidul 
crystals of quartz; and in other granites the quartz 
may generally, with care, be found crystallized in this 
form, so as to present on a polished face a regular or 
elongated hexagonal section. There seems also in some 
granites a portion of uncrystallizcd quartz, which is 
entungled among the other ingredients in irregular 
shapes. Binary granite, of quartz and felspar only, 
is seldom met with in Great Britain. It forms part of 
Muncastcr fell in Cumberland. 


(As greenstone, basalt, trap 
3. Horublonilic, J poqihyry, mrlaptij re, 

hy pemlhenu-,&c.| umygiluloiilul traps, 

l wacke. 

On reviewing this scries, and considering the manner 
of occurrence of the several member", of it, we shall find 
that the prismatic structure is perhaps more generally 
developed in the augitic and fiornlilendic pyrogenous 
rocks, than in the felspathic branch, and that in both 
groups the highly crystallized varieties, as granite, syenite, 
and greenstone, exhibit less of this character than is 
common to granular clayslone and glassy pitchslone, 
or fine grained basalt and trap porphyry. 

Grnniti Another thing worthy of notice, is the circumstance 

veins. that veins proceeding from the mass of a pyrogenous 
rock into the small cracks mid shin l fissures of a stratified 
rock are almost peculiar to granite. This phenomenon 
is hardly ever noticed along the sides of u dyke or inter¬ 
posed bed of basalt or porphyiy, and is at least very un¬ 
common in connection with even large masses ol 
greenstone. On the contrary, granite is very seldom 
found in dykes like the augitic und liorublendic rocks, 
though there is reason to believe that it assumes 
the form of overlying masses, nnd alternates in seeming 
beds with gneiss or mica slate. (S. K. of Ireland, 

p. 

The variety of interesting considerations connected 


Mica, the third ordinary ingredient in granite, is Mica, 
occasionally very abundant in it; but sometimes absent. 

It is universally crystallized, generally in regular hexa- 
hcdral plain lamina’, which enter or cut into the crystals 
of felspar aipl quartz, without being themselves inter¬ 
fered with. The direction of the crystals of mica is 
indeterminate ; they do not occur in continuous !untiua>, 
so as to cause the rock to cleave ; tor though porphyritie 
granite is in a certain sense eloavable, this arises 1 from 
the parallelism of the crystalline axes of the felspar. 

Yet in some Cornish granites we occasionally see the 
mica aggregated together in u sort of shell, which gives 
a notion of some kind of lamination, arising.perhaps 
from a limited intestine movement of the mass. 

It is generally presumed that the th?ec most common ()r j er of 
ingredients of granite were crystallized together; by which crystulliza- 
is meant, that the. consolidation of all the crystals was tion. 
contemporaneous, neither preceding nor following an¬ 
other. This seems not always exactly true. In many 
cases we cannot doubt that mica was crystallized before 
the other ingredients. If we follow the indications of 
the penetration of crystalline forms, we shall find in 
several instances that (lie figure of the quartz was com¬ 
plete before the felspar was wholly consolidated; and 
perhaps, adding to this the consideration that the 
felspar in the solid parts of grauite has, in general, only 
one, and that the primary form of its crystals, while 
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Geology. quartz and mica invariably appear in secondary forms, 
Ui. 111 . we mn y ve i,( Ure t n conclude that the felspar was the last 
crystallized, and, by consequence, has imparted to the 
mass its most important lectures. In many large 
grained granites are cavities, in which free crystallizations 
of the ingredients occur, in these cases the minerals 
show themselves in much greater variety of forms, 
especially the quartz and the felspar. The former as¬ 
sumes variously terminated prismutic forms; the latter 
is in rhomboids variously modified. (Baveno ; Arran.) 
Coutempu The aspect of granite is very often diversified by the 
veins' 18 occurrence of what are called contemporaneous veins ; 

a term which is meant to convey the assertion that the 
difference of character which it marks was coeval with 
the formation of the rock. In the large grained granite 
of Arran and Cornwall, the contemporaneous veins 
usually appear as long, narrow, ramifying portions of 
finer grain and a different proportion of ingredients; 
sometimes with more mica, sometimes with less. The 
boundmies of these “ veins” are indistinct, and the two 
structures gradually pass into one another. 

It will be readily conceived, that a stone composed of 
crystals so much independent of each other may, espe¬ 
cially when the felspar is not very predominant, lie very 
far from solid ; it may lie very full of minute fissures. 
These are often clearly enough perceived, sometimes 
partially filled with small grains of quartz, steatite, fel¬ 
spar, mica, &c. When the stone is by any means sub¬ 
jected to decomposition, the several crystallized ingre¬ 
dients easily separate, along these opening cracks. 
Imheilileil It is almost unnecessary to enumerate the various 
miiuKils. other minerals which are disseminated in granite, except 
for the purpose of showing how many minerals may be 
devc 1 vped from the same fundamental fluid mass. As 
all of them are definite, compounds of eertain ingre¬ 
dients, and only one simple eaithy substance (■quartz) 
remains as a residuum, it is no wonder they are most!,- 
silicates of earthy substances, aii(U that their relative 
quantity is very unequal, depending upon the jwssible 
atomic combinations which should exactly exhaust all the 
ingredients except the superfluous quartz. 

Silicates. Tourmaline, topaz, zircon, cordierite, epidotc, 
garnet, lepidoiite, pctalite, tripliunc, steatite, talc, 
schorl, hypersthone, hornblende, uugite. 
Aluminutcs. (’ymophane, beryl, piuite. - 
Sulphuret of bismuth, sulphuret of molybdenum, fling- 
state of iron, rutile, oxide of tin, graphite, oxide of 
iron, &c. 

R&tricting ourselves to the more common varieties of 
granite, we may observe, that the dilfcretice in the crys¬ 
tallization of the ingredients could not be determined 
a priori, from considerations of the relative fusibility of 
the minerals ; because, in fact, these minerals were all 
developed from one uniform melted mass, in which the 
only distinct parts were the elementary substances of 
silica, alumina, lime, potash, oxide of iron, &c.; and it 
would depend chiefly upon the relative cohesive forces 
and chemical attractions of certain proportions of these 
ingredients what crystals should be first generated. In 
trinary granite, for example, it may not be that mica and 
quartz were crystallized before felspar because this latter 
is the more fusible substance, but because out of the 
mingled mass of elementary substances fho particular 
combination which constitutes mica was endowed with 
the highest attractive energy. Mica might be formed 
out of a melted mass at a temperature very far below 
that required for its own fusion; this being sepuruted, 


there would remain a silicated felspar, from which the 
excess of silica being separated, it might depend upon 
the state of the mass as to heal, whether both quartz v ~' 

and felspar should crystallize together with mutual pe¬ 
netration, or the former impress the latter. 

If we assume granite to consist of 20 parts of felspar, Klnnent.iry 
5 parts of quartz, 2 of mica, the fused glass limn w hit It, ' 
on cooling, these miuei.ils were crystallized, must have 
contained about 
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Had the proporlicns of ahiiniita and the metallic oxides 
been greater, it is probable that more mica would have 
been lie med ; had they been less, less mica and more 
felspar might have resulted ; and the propoitions of the 
ingredients might have been such that the mica ami 
felspar might he provided with their eoiistitiient potash 
and other parts, hornblende or e.ugite, or hypersthene, 
with their lime, magnesia, <Xr., and a residue of quartz 
remain. 

According to the rate of cooling; vve might have u 
large grained or fine grained granite, or a nearly com¬ 
pact rock : if the quantity of lelspar was very great, and 
the cooling rightly proportioned, the mica and quartz 
might he crystallized in a compact, earthy, or glassy un- 
crystnllized basis. Thus felspar porphyry would he pin- 
duccd from the same ingredients as ordinalv granite; and 
the whole investigation appears to teach us that me 
mineral characters of pyrngeuons rocks depend as much 
upon tile circumstances of their solidification as upon 
original differences of chemical composition. With this 
all observations on these rocks fully agtee ; and it is, 
therefore, in aright spirit of philosophical geueraliz.ition 
that (Ufologists have now accustomed thenis Ives to 
view the whole series of plutonic and volcanic products as 
the varied results of one original mode of calorific act ion 
operating under a variety of conditions as to cooling, 
pressure, limitation of space, and oilier intluentud ci'cnni- 
stanees. 


Suction 3. 

Relatin' Age and characteristic Phenomena of 
Pyrngennus Rucks. 

Were oar inquiries concerning the relative age of.\ge >f j>lu- 
pliitouic rocks to he answered only by appeal to oh- tons roiks. 
servatiou of the phenomena which they piescnt in con¬ 
tact with one another, the leseareli must he abandoned. 

For they neither show themselves so often in connect ion, 
nor display, when in connection, such marks of relative 
antiquity as to permit us to recognise more than one 
general truth, riz. that granite is very often the oldest 
and basalt very often the youngest of these rocks. But 
by studying separately the age of each of tlic-c rocks in 
relation to the strata which adjoin it, we obtain a more 
extensive and more exact seiies of deter initiations con¬ 
cerning the periods when they have been erupted through 
the consolidated crust of the earth. The inipoitanco of 
these determinations in inductive <ieulogy is so great as 
to demand u preliininaiy statement of the mode of rea¬ 
soning employed in obtaining them. 

I. When hi any (-’onn'iy a ccitani elassof rocks, as for 
instance the slate rr cks, have been convulsed and thrown 
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Geology, into new positions before tlie deposition of another set 
ch. Ill. upon them, as for insiance the carboniferous rocks, and 
we find occupying the axis or nucleus of the dislocation 
a mass of granite, it is certain that such granite is older 
Age i>r I'lu- tluiii the carboniferous system because it was uplifted 
tome r,)-kn u j t f, t | K . older slates. If, in addition, this granile sends 
veins through the slate rocks so as to prove that it was 
uplifted in a melted state, we must infer that it is of 
more recent origin than those slates ; and, in fact, that 
its antiquity is exactly measured by the date of the con¬ 
vulsion. 

If there be no veins thrown off from the mass of gra¬ 
nite, and no other satisfactory proof of its having been 
uplifted in a melted slate, the age of the ieneons rock is 
indefinable, except by saying that it is older than a 
given stratified rock. Such a case occurs in the Ord of 
Caithness. It appears, then, that in any case of convul¬ 
sion the era of the elevation of the igneous rock is de¬ 
termined by (lie convulsion, but whether it was actually 
eeueinted at that time from a melted state, requires 
other evidence. Now this consolidation from a melted 
stale is what fixes the age of an igneous rock. Granite 
may, perhaps, have remained melted in the deep parts of 
the earth through many geological periods, but its age 
as a rock is counted from the period when its fusion 
closed. 

2. In Derbyshire the carboniferous limestone is inter- 
laminnted for great lengths by an igneous rock, (toad- 
stone.) which has evidently been poured out at certain 
internals by tin ancient submarine volcano while the 
limestone was iu formation. The age of such a rock is 
fixed by the ngc of the limestone. 

3. The basalt of dykes which pass through ceitain 
strata, is, of conr e, not more ancient than the newest 
strata divided; if at any point the. dyke should be co¬ 
vered by newer strata which are undisturbed by tbe dis¬ 
location accompanying it, we may generally admit that 
the basalt is older than these strata. Such a case, per¬ 
haps, occurs in (lie dykes of the Durham coal field, 
which do not penetrate the magnesian limestone. 

These instances arc sufficient to show' the truth of 
two propositions of general application to this subject. 

When igneous rocks accompany convulsions, we 
can always fix the minimum of their geological anti¬ 
quity ; when they throw off veins or intrude in the shape 
of dykes, or interpolated beds, among stratified rocks, we 
are able to assign the maximum of their antiquity. 

Guided by these views, and restricting our illustra¬ 
tions as much as possible to the British Isles, w'e may 
proceed to describe some of the characteristic pheno¬ 
mena occasioned by the appearance of plutonic rocks, 
and to fix the eras of ibcir production. 

First, wo shall describe the general features of a dis¬ 
trict remmkable for the number of these rocks brought 
into a small compass and presenting diversified effects, 
and then select instances proper to make known the 
characters of each. 

We shall take an example of the phenomena of pyro- 
gciimiH rocks in general from that gem of Iluttonian 
Geology the justly celebrated Island of Arran, un exa¬ 
mination of which may be safely pronounced almost 
indispensable to a complete geological education. 

Arran. 

(ienernl The Island of Arran has been very often described, 
fc.it"ret. an( j by eminent Geologists. Jameson, Macculloch, 


Necker, Murchison and Sedgewick, Oeynhauscn and Geology. 
Von Dechen, have all written ably on the inexhansti- Ch. III. 
ble subject of this little world of geological pheno- 
menu ; and were it not for n reluctance to add to this 
weighty literature, other voyagers would be unable to 
restrain themselves from describing some neglected but 
curious phenomena. The leading features of Arran are 
its mountainous and truly Alpine scenery in the North¬ 
ern extremity, and the elevated plateaux of its Southern 
portion. These latter arc generally composed of trap 
rocks, partly syenite, partly porphyry, partly green¬ 
stone, with many dykes of greenstone and pitchstone 
passing through the red sandstone strata which appear 
around the coasts. The highest Northern eminences 
are granitic mountains forming the nucleus of a great 
conical elevation of slate rocks, which, overlaid by the red 
sandstone formation, (see p. GOD.) form a narrow but un¬ 
equal zone round the granite. The small size of the Island 
combined with the elevation of the mountains (nearly 3000 
feet) gives to the short glens a very sudden depth, and 
permits the cliffs to show the great curvatures of strata. 

Dy kes and overlying masses of greenstone, felspathic and 
trup porphyry, various sorts of claystone and pitch-stone, 
are seen abundantly both on the Eastern, Western, and 
Southern coasts; and so perfectly are all the phenomena 
exhibited, that it is difficult to imagine any space of the 
same limited extent more worthy of being studied for the 
purpose of understanding the mutual relations of pyro- 
genoiis rocks. 

That the granile of this Island was upheaved in a 
melted state seems sufficiently demonstrated by the fact 
of its throwing veins through the surrounding slate 
rocks: this phenomenon maybe very well studied at 
Tornidneon. That its elevation was subsequent to the 
deposition of the whole red sandstone system seems also 
proved by the curvatures which these strata have under¬ 
gone. This would give for the elevation of the granite 
of Arran a period considerably Inter than that usually 
assigned to the principal part of the Highland moun¬ 
tains, and, perhaps, agreeing with the rising of the 
syenites of Malvern and Charmvood forest. 

The granite is, as far as can be known, the oldest 
pyrogenous rock to be seen in the Island, for it is tra¬ 
versed by dykes of basalt and pitebstone, like those 
which crosSf the red sandstones. It is observable, 
however, that these dykes are most numerous at 
some distance from the granitic centre. At Corygills, 
at Lmnlusli, and Tormore, they are exceedingly abmi 
dant in the red sandstone, while iu the North-La stern 
face of the Island, where that rock is nearer to the 
gtnuite, fewer dykes appear, and about Loch Hanza the 
slate is still less divided by them. Perhaps we may 
venture to add another generalization ; viz. tljat these 
dykes are most abundant beyond the line of violent flex¬ 
ure of the strata from their horizontal position. After 
measuring with care the, directions and breadths, and 
noting the characters of forty-four dykes, chiefly of green¬ 
stone. between Brodick and Lnmlash, and also those at 
Tormore, it did not appeur to the writer of this notice 
that any other dependence of the direction of those dykes 
upon the local centreofthe granitic eruption could be traced. 

While in the Eastern side of the Island, about Cory¬ 
gills, the dykes in the red sandstone are chiefly green¬ 
stone and basalt, with a sparing admixture of felspathic 
and porphyritie claystone and pitchstone, those of Tor- 
more, iu light coloured sandstone, arc chiefly pitchstone, 
claystone, and trap porphyry. On both sides occur 
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Geolnpy. interposed beds of pile list one, divided into columns ; on 
Ch III. the East are overlying greenstones in rude colonnades; 

on the West trap porphyry columns; on the East the 
clnystone dykes are highly prismatic ; on the West oc¬ 
cur many interposed beds, and an arched vein of clay- 
stone. The pitchstone of the Eastern side is black or 
green, that of the Western coa-d often variously coloured 
and graduating to something like hornstone, or to clay- 
stone. Tt is, in one point, at Tormore, of that concre¬ 
tionary structure which reminds us of some kinds of 
obsidian and sphamililic traps. v 

Alterations The ofiects of the pyrogenous rocks upon those in 
rocks*' lllB " c0,ltact ' v 'th them are less striking in Arran than in 
many other situations. No new minerals are produced 
in the slate where the granite touches it, nor in the red 
sandstones where they arc bordered by the greenstone 
dykes. This hardening is very various in degree, and 
the causes of these differences are not very evident eicu 
upon the examination of many eases. The hardening 
effect is sometimes communicated to the distance of two 
or three feet into the neighbouring rock, but generally 
not to more than a few inches. The hardened parts 
sometimes stand up in narrow crests. Where dykes cross, 
it has been found that one of the planes of intersection 
of the gieenstonc dykes has been marked by the occur¬ 
rence of a very narrow baud of black pitchstone. The 
base of the pitchstone pillars of the interposed bed in 
Corvgills is softened, where it touches the sandstone 
below, to a kind of kaolin. 

It is impossible to say what was the geological epoch 
of the pyrogenous eruptions of Arrau, further than that 
they were posterior to the whole red sandstone system 
there. If this be correctly taken by Murchison and 
Sedgwick to represent both the old and new red sand¬ 
stone systems, they are later than most of those known 
in England, and, for aught we can tell, they nuif be as 
modern as the basaltic eruptions of the North of Ireland, 
(ioo^r.i; la- 11 is remarkable that, amidst all the profusion ofgrecu- 
e.il i d.ituni stones, pitchstone, clnystone, and porphyrilie dykes, 
i'i i w |tich appear a little remote from the granite, no granite 

l, ' 1Jlw "' dyke is seen; while in the granite, whose elevation 
stems to lie the local centre of nil those exhibitions, no 
hornblende or augitc occurs. That granite and the trap 
dykes tire of different anticpiity has been shown before; 
but it seems also to lie implied cither, firsl*that at suc¬ 
cessive epochs different rocks lay melted under the same 
localities; second,that the local production of pyroge- 
nons rocks is somehow governed by relations of level or 
distance, or subject to an obscure reciprocity of position. 
It seems worth while to follow out this idea. Along the 
l’eiiine chain, the axis of dislocation shows, at points, 
giauilic and greenstone rocks, but very few mineral veins 
are wrought. The slopes a little removed from this 
mountain edge contain'many valuable lead mines. The 
mining district of Shropshire, described by Mr. Murchi¬ 
son, appears related to the greenstone ridge ofCorndon 
nearly in the same way; for though along this axis no 
mines occur, they abound in a line at a small distance 
parallel to it. Perhaps to these analogies vve may add 
the instance of the diversified porphyrilie masses which 
run irregularly parallel to, lint removed from the gra¬ 
nitic axis of Cumbria. Finally, to rise to a greater ge¬ 
neralization, Von Ditch's views of the relations of the 
granitic axis of the Alps and the angitic porphyries (mc- 
lnphyre) along their Southern flanks appear to be de¬ 
cidedly analogous, anil there seems at least thus much 
fobe inferred from the jioints of agreement among these 
vol. vr. 


several examples of the relative position of ignigcuous Geology, 
rocks, that the elevation of an avis or nucleus of granitic 1 lit. 
rocks was attended by very numerous fissures at a small ' 

distance removed, which, after some geological interval, 
were filled by rocks oi a quite different nuturo from those 
which were erupted at the time of the first disturbance. 

Granite. 

It might be doubtful whether any granite visible in Autiipiity A 
the British Islands could claim greater antiquity than ti lu " l!c ‘ 
the upper or graywuc.ke slate rocks, except for the cases 
of alternating granite and mica slate, quoted i'unn Mr. 

Weaver, p. 503. The granite of the Cornish chain m 
some places throws veins into the ad jacent clay slates, 
and generally appears to change very greatly the nature 
of those rocks, so that vve arc ctmipeiled to rank it as a 
more modern product. The granites of C'limbeilaml 
and Westmoreland, and those of the Grampians, 
if their age he judged of (torn that of the convulsions 
accompanying them, mid from the veins which they 
throw off, must be pronounced to be of nearly flic 
same antiquity. In the Island of Arran, the granite 
seems to he not so old as the red sandstone which 
overlies the carboniferous limestone; in the Alps it must 
perhaps be supposed to have been in fusion ever since 
the tertiary epoch. 

A few years ago granite veins were considered as rare Granite 
eruptions, but at present it is difficult to find a salisfuc- veim. 
lory example of any extensive tract of granite, without 
the occurrence of such ramifications through the neigh¬ 
bouring rocks. They occur in Cornwall, Cumbeiland, 
and Arrau, in Ben Cruaehan, at Stronlian, in Glen 
Tilt, and generally throughout the Highlands. The 
same is true for the Continent of Europe ; and perhaps 
vve may no where find abetter example of the elevation 
of granite in a solid form, than that described bv Mur¬ 
chison at the Ord of Caithness. This granite, on its 
Northern flank, stippnifs the old led conglomerate, 
whilst to the South it occupies a cliff on and near the 
shore, the verge of which affords a remn livable breccia, 
compounded front all the beds of the oolitic series that 
occur on this coast. This bivceia of sandstone, shale, 
and limestone, is lilted off' from the granite wherever 
that rock protrudes upon the shore, whilst the strain arc 
regularly developed where the granite recedes info the 
interior. No veins or portions of the granite are to be 
met with in or above the oolitic breccia, which, by its 
disturbed position, appears to fix the maximum of anti¬ 
quity of (he elevation of the granite not beyond the age 
of the coralline oolite. 

The granite veins of Toriiidneon in Arran pass front Tumnlnecn. 
u body of very coarse grained granite through nearly 
vertical lantiuic of dark quartzote clay slate; the line of 
junction dividing the whole side of a hill. One of the 
veins encloses fragments of slate, divides itself into 
branches, which cross the himitiie of slate, cnttingo/fhotfi 
the quartzose and argillaceous lamina-. The granite 
becomes much finer grained along the veins, and neatly 
in proportion to their smallness; so that in the narrowest 
veins it is nearly compact. Strings of fine grained 
granite divide the coarser sort. (See pi. vii. fig. J.) 

( 1826 .) 

in Glen Till, l)r. Marcitlloch has described numerous c;i,. u Tilt, 
and valuable tacts of this nature. At the bridge beyond 
Forest Lodge, granite, hornblende slate, and primary 
limestone are very curiously associated. Veins of red 
5 a 



762 


G E O L O G V. 


Geology. granite here divide the other rocks, and inclose frag- 
di. III. menu of them. The singular interlacements of the 
rocks here will he best understood by the sketch, pi. vii. 
fig. 2, taken on the spot in 1826. 

1. Primary limestoue laminated by hornblende and red 
felspar in curved lines or detached masses, round which 
the lamina; of limestone bend, crossed by granite and 
red felspar veins. 

2. While quartz rock and red felspar crystallized. 

3. Felspalhie roek, red, with layers of black horn¬ 
blende. 

4. Limestone laminated with felspar. 

5. The same with less felspar. 

6. Hornblende and felspar in layers. 

7. Laminated limestone. 

(n.) Red felspar vein—a little quartz. 

8. U. Hornblende,with layers, masses, and veinsofwhite 
quartz, ami red felspar, which substances often occur 
together, making binary granite of very large grain. 

III. Limestone, with red granite veins.* 

11. Limestone, ml granite veins, and white calca¬ 
reous spar veins, which divide the granite reins. 

12. Red granite, composed of red compact or crys¬ 
tallized felspar, white quartz, and black or grey mica, 
and incloses hornblende masses which are divided by 
veins of granite ramifying from the geqpral masses of 
that rock. 

Cornwall. The extremity of Cornwall has long been famous for 
the great variety of .curious phenomena connected with 
the granite veins which there divide the argillaceous slate, 
hornblende slate, and greenstone rocks, all included by 
the miners under the title of killas. So many writers 
of eminence, both English and foreign, have described 
and reasoned upon these occurrences, that it is difficult 
to select from the immense variety. The following is 
Mr. Majendic's account of the veins at Mousehole, three 
miles South-West of Penzance. ( Cornwall deal. Soc. 
Trans, vol. i.) “At this period the clay slate ceases, 
and the granite commences, forming a promontory which 
runs out in a Southern direction from the central ridge. 
The slate is of a grey colour; it is in strata nearly hori¬ 
zontal, but having a slight dip to the East; it increases 
in hardness near the junction. The granite, which is 
generally coarse and porphyritic from the large imbed¬ 
ded crystals of felspar, becomes here of a finer grain, 
with black mica and light flesh-red felspar. Oil the 
North it laps over the sehistus. At this spot numerous 
granite veins, varying in width from about a foot to less 
than an inch, pass through the slate ; the two principal 
veins proceed nearly East from the hill above, for more 
than fifty yards, until they are lost ill the sea. One of 
these, not far from its first appeurance, is divided and 
heaved several feet hy a cross vein consisting of quartz 
intermingled with slate ; fragments of slate appear also 
in the granite veins. The most remarkable vein, after 
proceeding vertically for some distance, suddenly forms 
an angle, and continues in a direction nearly horizontal, 
having slate above and below." 

Tlie killas at this place has much the aspect of green¬ 
stone, and it appears generally true that the clay slate 
is much altered in character round all the granites of 
Cornwall and Devon. (See Mr. Delo Beche's Giologi- 
eal Map, Devon.) The veins of granite are generally 
most fine grained towards the walls. Von Oeynhnuscn 
and Von Dcchen mention three principal veins at 
Mousehole, one 3^ to 10 feet wide; quartz veins cross the 
direction of the granite veins, and sometimes divide them 


and apparently alter their character. Schorl occurs irre- 
gulurly in the granite, and ill some of the quartz veins. 
In other localities, veins of this mineral present interest¬ 
ing phenomena. The intricate character of the venige- 
nous masses of Mousehole will be best understood by 
consulting the diagram, pi. vii. fig. 8, copied from the 
sketch of the distinguished Prussian Geologists above 
named. 

At Cape Cornwall, a granite vein heaves a quartz vein 
in a direction contrary to the general law, stated in page 
541, In the Lizard district granite veins divide ser¬ 
pentine. 


Geology. 
Ch. 111. 


Felspar Porphyry. 

The abundance and variety of felspar porphyry, in Ben Nevis, 
great masses on the summit of Ben Nevis, and in the 
awful valley of Glen Coe, is familiar to every traveller in 
the Highlands; the porphyry of Ben Nevis has been 
shown by Von Oeynhatisen and Von Dcchen to have 
been erupted through the granitic basis of that moun¬ 
tain ; the diversified porphyries along the vertical pre¬ 
cipices of Glen Coe send veins through the subjacent 
granites, in number proportioned to the proximity of 
the situation to t lu* great mass of porphyry This rock 
is not columnar; (Macculloeh;) it varies through every 
stage, from claystone to felspar porphyry, the different 
varieties being sometimes gradually and sometimes 
suddenly connected. Breccia, composed of fragmented 
claysloncs and porphyries, (like those on Beil Nevis, 
and some in Cumberland,) are often seen in Glen Coe. 

In the mountain of Cruachan,- which overlooks Loch 
Awe, the hornblendic granite and schist rocks are tra¬ 
versed by a great variety of large felspar and trap por¬ 
phyry dykes, and some changes of appearance happen 
to the’day and mica slate, very difficult to be described. 
Maccullocli {Geol. Trans, iv.) describes the porphyry 
dykes as perpendicular, varying from 3 to 50 teet in 
breadth, traversing alike the schist and the granite veins 
which divide it, but not in uny degree intermingling with 
either. Dykes of porphyry, of different kinds and co¬ 
lours, may run near or in contact with each other, but in 
all cases these and other dykes of basalt or trap por¬ 
phyry are very distinct at the edges, though firmly 
muted to t|f,e rock which encloses them. PI. vii. fig. 

4, shows veins of granite traversing the schist of Crua¬ 
chan, themselves crossed by dykes of two kinds of por¬ 
phyry. {Grot. Trans, iv. pi. vi.) 

In the Cumbrian mountains felspar porphyries' occur Cumbrian 
in many situations, and with a great diversity of charac- mountains, 
ter; some have a basis of translucent grey or green 
felspar, and included crystals of glassy felspar and 
quartz ; others are composed of a red, opaque, granular 
felspar basis, and red felspar arid quartz crystals; the 
basis of others is compact felspar dr hornstoue, and 
some have a dark but not basaltic base, with small white 
opaque felspar crystals. Most of them, like the amyg- 
daloids and greenstones of the same region, occur in 
overlying masses as well as dykes, but real alternations 
of them with the slates can hardly be substantiated. 

They seem to have a Geographical dependence on the 
foci of granitic eruption, of a peculiar kind. They are 
not abundant in or very near to the granite of Wastdale, 

Skiddaw, or Simp, but they occur at small distances 
from each of those masses. The Valley of St. John’s 
shows pale red felspar porphyry overlying slate, well 
crystallized red porphyry in Armboth fell, and various 
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kinds of felspnlhic rocks tinder Ilulvcllyn. Dykes of vu- 
ritthle greenish porphyry divide the slates of High Pike, 
and a solitary red dyke ranges East and West of the 
granite of Shap fells. No poiphyry occurs very far 
from the granites. 

In North Wales felspathie porphyries appear so con¬ 
nected by alternate bedding with the slates, as to have 
been subjected to the same elevations and uudulatious 
of dip; mid thus not only prove their high antiquity, but 
also suggest views as to the frequent recurrence of igne¬ 
ous action at the same points of the ancient bed of the 
sea during the period of the primary slates. 

Consistently with our views of the origin of the crys¬ 
tallized rocks, we may perhaps be right ill believing 
that all the complicated, wholly or partially, crystallized 
rocks, composed of felspar, quartz, and mica, which are 
included between and which traverse the reul slaty rocks 
of Cornwall, are either the result of submarine eruptions 
during the formation of the slate ; of the subsequent ac¬ 
tion of the heated granitic masses upon the killas; of 
posterior eruptions of melted rock into fissures caused 
by convulsion, or of some, gradual conversion and trans¬ 
fer of mineral ingredients, such as we know to have 
occurred 

It is hazardous to reason on phenomena so remark¬ 
able as those of Cornwall, without reference to other 
districts; nothing but prejudice or indolence will permit 
Geologists, acquainted with other districts, to neglect 
the singular and curious fiicts connected with the De¬ 
vonshire and Cornish chain. We may freely admit 
that they, in some eases, point to agencies not yet fami¬ 
liar to our philosophy; that a full examination of the 
whole series of granites, porphyries, serpentines, and 
killas, and of the disseminated and venigenous minerals 
in them, will kindle a brilliant light in the most secret 
laboratory of Nature ; but one thing is wanliug.nn ex¬ 
act description of all the. characteristic facts observable 
in each particular case, without the adornment of theory, 
or the disarray of new nomenclature. (See Conjbeare, 
Auckland, and Sedgwick, GW. Trans. ; the Trans, of 
Cornish Geol. Soc.; and Dr. Bonsc’s recent volume.) 

Syenite. 

The syenite of Malvern is not older than the old red 
sandstone, which it throws off from its slojfcs and pene¬ 
trates by a lateral extension or dyke, nor so young as the 
new red sandstone which lies level at its feet; the same 
limil»> of age must be assigned to the similar rocks of 
Charnwood forest, which appearunder,very analogous cir¬ 
cumstances. The partially syenitic rocks of Cnrrock 
fell in Cumberland, may, very probably, be older. We 
shall not assign this name to the variable rock of Red 
Pike and Scale Force: Recording to Weiss, the syenite of 
Wcinbola near Meissen is superimposed on the green 
sand system. The Malvern hills, long since described 
with much ability by Mr. Ilorner, and a dyke appa¬ 
rently dependent on them lately investigated by Mr. 
Murchison, will serve to illustrate the phenomena attend¬ 
ing syenitic extrusions. 

The picturesque chain of the Malverns rises at its 
centre to 1144 feet above the sea, and looks down over a 
vast and beautiful region. On the Eastern side the de¬ 
scent is abrupt to plains of horizontal new red sand¬ 
stone, on the Western more gradual and diversified by 
ranges of woody hills whose bearing is parallel to that 
of the chain. Beyond are the slate mountains of Wales. 


Many small narrow valleys run to the East across the <>i’«Ji'gy. 
line of the chain. Ch. ill. 

The veidant surface of these hills, and the circum¬ 
stance that the pytogeuous rocks are very much decom¬ 
posed and fissured near the surface, prevents very fre¬ 
quent observation. The great mass of the rocks is of a 
syenitic rather than granitic character, varving, how ever, 
much as to the relative proportions of hornblende, mica, 
and quartz: the felspar is usually toil, epidole, mag¬ 
netic iron, pyrites, and other minerals ocuir, and the 
aspect of the rock is sometimes that of greenstone. 

Veins of granite traverse the neighbouring rocks. Veins 
of sulphate of barytes, calcareous spar, and epiJote, red 
hematite, Ac., occur in the syenitic rocks. 

The stultified rocks which are dislocated along the Elevation 
line of the Malverns are best seen on the Western slopes, of strata, 
the oldest of them belongs to the fourth group* of the 
grey wacko series of the Welsh border. (Sec p. 5<>7.) 

The sandstones of this and the limestones and shales of 
the superior groups are partly vcrdcal, or purtly over¬ 
thrown to the West, so that for some distance to the 
West the series of strata appears hive) ted , and the real ly 
newer rocks come out from under the older. (Cent. 

Trans, vol. i.) Much local confusion and disturbance 
of declinations accompany these general indications of 
violent upward heaving along the axis of the chain. 

Mr. Ilorner’s very judicious reflections on the hearing 
of the phenomena of the Malvern upon the then pre¬ 
valent discussion of the Wernerian ami lluttonnm The¬ 
ories of Geology, will be perused with great satisfac¬ 
tion and pleasure as anticipating many of the dearest 
arguments known in the present advanced slate of the 
Science. As the mistralilied rocks have been thrown up 
along a line from North to South, the bearing of the 
elevated strata ought, in general, to be parallel to that 
line, and this has been shown to be the ease: the force 
would be greatest at the point where the unstratified 
rocks burst forth, and accordingly vve find the strata 
there geueinily vertical, or even thrown back and in 
some degree inverted. 

The same phenomena of inverted strata are observed 
by Mr. Murchison parallel to the Abberley lulls, which 
are on the prolongation of the Malverns ; and we are 
indebted to him for an interesting notice of a dyke of 
dark green syenitic rock, at Brockhill near the Teino, 
composed of hornblende, felspar, and quartz, eight 
paces wide, directed West 5° North, und East 5° 

South. The syenitic rock is prismatic at the sides, the 
prism lying across the dyke, whose walls are formed of 
old red sandstone, here of a green tinge, and mails. In 
contact with the dyke and for 20 feet distance the 
sandstone is hardened, is of a deep purple colour, and 
has lost its mica; the marls are altered by the diffusion 
of carbonate of lime through their mass. This ilyke is 
considered as a lateral effect from the great North and 
South axis of igneous rocks of the Malvern and Abhcrlev 
hills. 

IFyperslhcnc Rock or Hypersthenic Syenite. 

Ilypcrsthene rock forms the pinnacled mountains of 
Cuchullin, part of t arrock tell in Cumberland, certain 
dykes in Radnorshire, and is not unknown in Cornwall; 


* In the /‘lot Mo/, (or June I KM, Mr. Minrlmuu lias pub¬ 
lished a new arrangement of these groups, m which tho second und 
third croups are united. 

5 o 2 
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it also occurs in Yorkshire in veins passing through ihe 
basalt of the carboniferous limestone series. Tile exhi¬ 
bition of hypersthene rocks in the Valteliue has been 
described by M. Necker. 

Tii is rock may be very generally described as a syenite, 
of which the felspar is pale flesh-colour, white, orgreen- 
ish, and the hornblende is replaced by hypersthene, 
either in very distinct, large crystals, or small con¬ 
cretionary masses. In the latter ease it can hardly be 
distinguished from common greenstone. In Cornwall, 
Radnor, and Cumberland this rock may be admitted to 
be of later date than the greater part of the slate system ; 
in Yorkshire' it is contemporaneous with the great 
basaltic formation of the carboniferous epoch; in the 
Me of Skye it is probably more recent than the oolitic 
era; in the Alps it forms n part of the mincrnlogicn! 
axis, mid may have been thrown up even since almost 
the whole tertiary strata of the basins of Europp. 

AT. Necker, in his account of the Vnltoline, establishes 
the tact, that the granitic eminences which rise along 
the axis of that singular valley of deration, pass 
by degrees to common syenite, and afterwards to syenite 
with hypcrslhene, in large, small, or even minute crystals, 
of black or green colour, and metallic reflections. The 
felspar has a violet tinge. The greater and hypersthenic 
axis of the valley is coincident with the central line of the 
great chain of the Alps, from South-West to North- 
East, and the stratified rocks are vertical on cadi side, 
for some distance; .afterwards they take opposite dips 
to the North-West nnd South-East. The order of .suc¬ 
cession may he slated to he gneiss, mica schist, changing 
to ta'eose and chloritic schist and elay slate. Veins of 
fine grained granite puss through the hypersthenic rocks 
and through the mica schist, sometimes holding frag¬ 
ments of this latter, and quartz veins with black tour¬ 
malines divide the granite. 

The Cuclmllin mountains in Skye, rendered classical by 
jVIaceiillocli’s descriptions, surround the desolate lake of 
Comisk, a grand amphitheatre of steep and barren rocks, 
which decompose so little as to yield neither sand nor 
gravel to the torrents. A great variety of appearances is 
presented by the mixture of the felspar ami hypersthene 
in these rocks, as to crystallization and colour. In some 
localities the mass is fine grained, and in others graduates 
to common syenite or greenstone. Yon Oeyiihnuseii 
and Von Dedieu stale that the hypersthene rocks pass 
into compact greenstone; and that the common syenite 
lies on the hypersthene rock, with an abrupt and distinct 
junction. One of the most interesting facts connected 
with this group of rucks is the transmutation of the lias 
into white granular and compact limestone, where it. is 
in contact with the syenite and trap rocks. This effect 
happens more constantly at the junction of the lias with 
syenite than with greenstone or trap; in the latter ease 
it sometimes happens, sometimes not. The hypersthene 
rock seldom adjoins the lias; where it does, like green¬ 
stone or trap, it both intersects and covers it. 

Gabbro, Granilone, Euphotidv, Diallage Rock , 
Serpentine. 

It is to M. Von Buell that we are indebted for point¬ 
ing out the importance of the rock, composed of saussur- 
ite, or felspar and diallage, called gabbro, or granilone, 
in Northern Italy. The abundance of serpentine in Ihe 
Pyrenees, Apennines, and other parts of the South of 
Europe, has long been remarked. Diallage rocks are 


equally abundant, often occur in connection with the f: 
serpentine, and there is now no doubt as to the fact that < !l ' 1I, ‘ 
these two rocks are very intimately related. Few con¬ 
clusions of this nature appear better authenticated by 
observation than the gradation of diallage rock into ser¬ 
pentine, in the Alps, the Apennines, Corsica, and Corn¬ 
wall. Gabbro has been employed in architecture by the 
Romans, and by the family of Medicis at Florence. 

The town of Vienna is said to be paved with it. 

Generally, observers agree in representing both gab- Strat fir.i- 
bro and serpentine as unstratified rocks. When portions ,Km < l H,T - 
of them are included between strata of gneiss, mica, 
schist, &c., they may he viewed as interposed masses. 

But Macculloch positively affirms that in Unsl the 
•stratification, both of diallagc rock and of serpentine, 
is certainly evident; and he compares the eases where no 
stratification can be traced in the latter to analogous 
instances in primary limestone. The latter, however, 
is by far the most abundant ease; apd perhaps, taking 
into account the circumstance that >n Uust the rocks 
alternate and graduate into micaceous, chloride, and 
argillaceous schists, we may reasonably inquire whether 
the stratified varieties of diallage and serpentine are not 
recomposed rocks altered, like some gneiss, by subse¬ 
quent application of heat. 

In the Northern Apennines, Brongninrt lias remarked 
the following general order of succession downwards. 

1. Serpentine. 2. Diallage rock, in the upper part as¬ 
suming the aspect of serpentine, (at Roelietla. Nortli of 
Borglicttn, near Spczia.) consisting partly of red crys¬ 
tallized limestone. 8. Jasper rock in thin lamina!. 

Below these are limestones mid marly schists, common 
in the Apennines. In Monte Ramczzo, North-West of 
Genoa, the serpentine is placed on limestone and talc 
schist, the limestone is in thin tortuous beds, and it; as it 
were dissolved with the shining slate and steaschist. 

The direction of the serpentiuous masses in the Northern 
Apennines, to which the elevation of that part of Ihe 
range is ascribed, is East South-East, which is the same 
as that of the Pyrenees, and of some serpentine rocks 
about Como. 


Greenstone. 

Scotland Jias been long anil not. unjustly considered 
classic ground for the pyrogenous rocks. We shall take 
as an example of the occurrence of greenstone, the phe¬ 
nomena in the vicinity of Edinburgh, which have con¬ 
tributed so powerfully to support the philosophical fame 
of Dr. Hutton. The interesting eminences of Arthur’s 
Seat, Salisbury Craig, the Call on Ilill, and Edinburgh 
Castle, are all composed of trap rocks associated with 
various sandstones and shales of the carboniferous system, 
and the labours of Art have lidded to the admirable 
exhibitions of Nature. 

In Salisbury Craig is a very fine section of unstratified Salisbury 
greenstone enclosed between stratified sandstone, eon- Crai^. 
glomerate, shale, and ironstone nodules, and it is easily 
seen that both the igneous nnd sedimentary rocks arc 
altered at their formation. Masses of sandstone and con¬ 
glomerate, of various forms and magnitudes, are insu¬ 
lated in a confused manner within the greenstone, and 
portions of greenstone interposed among the sandstones. 

No dyke appears, but small veins of calcareous spar, 
occasionally metalliferous, cross the line of junction. 

The accompanying drawings and relerenccs will suffi¬ 
ciently explain the most interesting phenomena observed. 
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PI. vii. fig. 5, gives a general view of the face of the 
(li. III. c i|(r, ns it appeared to the writer in 1826, The letters 
of reference, a, b, c, mark points of which details are 
given below. On a nearer examination, the point a 
shows greenstone gradually changing to a red colour 
mid finer grain near its upper surface, on which rest 
beds of sandstone, ironstone, and shale, as under. 

]. The tipper part of a greenstone mass, fine grained 
and of reddish colour. Veins of calcareous spar, with 
micaceous iron ore, divide the upper part of this mass, 
and pass through Nos. 2 and 3 above. 

2, 3. Mass of petro-silicious sandstone, mixed with 
softer green portions. 

4. The same sort of hardened sandstone, with less of 
the sofier parts, (here and there a purple tinge.) 

5. Argillaceous, compact, hard shale of a purplish 
or green colour, and subconclioidal fracture. 

(>. lied argillaceous ironstone in green shale. 

7. Sandstone beds, reddish and indurated. 

At the point b (fig. 6) a nearly similar series of 
alternating stone and shale rests on very similar trap. 
A portion of sandstone is engaged in the trap, and other 
signs of violent intrusion occur. 

At the point c. hard red sandstone Hags, without iron¬ 
stone, rest on reddened greenstone. 

A large quarry at the South end of Salisbury Crag 
affords on excellent section of sandstone beds below the 
greenstone. Fig. 7 and 8 are taken from this quarry. 

In fig. 7, the greenstone, reddening below, rests on 
jasperized sandstone, which is much broken and con- 
fused in places ; below this is green shale, covering red 
and white sandstone with conglomerate. Fig. 8 shows 
portions of sandstone enclosed in the trap, which grows 
redder towards the contact with the strata below. The 
aspect of a portion of sandstone fairly enclosed in trap is 
seen in fig. 9. * 

Some lute observations of Lord Greenock on the ap¬ 
pearances presented by a section of the compact green¬ 
stone and sandstone strata in the Castle Hill, Edinburgh, 
show the effect of convulsions acting upon both of those 
rocks since the eruption of thelithoid lava. At some points 
of this hill the usual transformations of the sandstones, 
<$c. happen in contact with trap, but in one place beds 
of sandstone and inarl are seen in a state of great dis¬ 
turbance, thrown in angular positions upon tabular 
greenstone, and not in the slightest degree altered os 
to hardness or aggregation at the junction. Possibly, 
the explanation which applies here, vis. that the junc¬ 
tion ot the igneous and stratified rock lias been occa¬ 
sioned by convulsive movements, which have lifted them 
both in a solid form, may he found applicable to some 
other eases in which trap rocks appear to exercise no 
transforming influence on the contiguous rocks. 

Basalt. 

The researches of Dr. Berger, Dr. Bucklniul, and 
Mr. Conybeare, on the North-East of Ireland, have fur¬ 
nished a highly interesting Memoir in the Geol. Trans. 
vol. iii. from the pen of the latter Geologist. The coast 
between Belfast Lough and Lough Foyle is one 
boundary of a large tract reaching Westward to Lough 
Neagh, and including the river Bann, which is almost 
wholly occupied on the surface by basaltic rocks rising 
at intervals to eminences of 1320, 1820, and 1864 feet 
above the sea. Under this immense overlying mass of 
basalt are found several members of the English scries 


ol strata not known elsewhere in Ireland. 1. Chalk. Grotngv. 
agreeing with the lower beds of the English scries. 2. ( l ‘ Hi. 

Mulattoe, an Irish mime for the green sand of English s ~** 
Geologists. 3. Lias limestone, (without any other 
rock of the oolitic system.) 4. Beds of red marl and 
gypsum salt, resting on variegated sandstone. 5. At 
the North-Eastern and South-Eastern extremity, coul 
measures, consisting of red sandstones mid shales with 
inferior coal, appear below all the other strata. The 
mulattoe and lias are often wanting in tin- section. The 
superincumbent basalt is estimated to have an average 
thickness of ht-h feet, (in Hcnyavcnngh it is !)(I0 feet, in 
Knoclilead 980 feet,) and its superficial extent S00 
square miles. 

The phenomena presented hy the basalt, exposed 
along so great a length of coast, are various and remark* 
able, and we are not only delighted with the magnificent 
colonnades of Fairhead, and the geometrical pavement 
of the Causeway, but instructed by the clear exhibition 
of the effects of dykes dividing both tile congenerous 
basalt above and the calcareous strata beneath. 

The immense mass of trap rocks in this district ex¬ 
hibits, besides basalt, which is the most abundant mate¬ 
rial, greenstone, clinkstone porphyry, wacke, and red 
ochre. Near the Causeway, the cliffs, according to Dr. 
Richardson, consist of alternating basalt and red ochre, 
in the following order downwards. 

1. Basalt rudely columnar, 60 feet. 

2. Bed ochre or hole, 9 feet. 

3. Basalt irregulaily prismatic, (it) feet. 

4. Columnar basalt, 7 feet. 

5. Intermediate between hole and basalt, 8 feet. 

(>. Coarsely columnar basalt, 10 feet. 

7. Columnar basalt, the upper range of pillars at 
Bengore Head, 51 feet. 

8. Irregularly prismatic basalt. In this bed the wacke 
and wood coal of Port Noiler are situated, hi feet. 

9. Columnar basalt, forming the Causeway by its 
intersection with the plane of the sea, 44 feet. 

10. Bole or red ochre, 22 feet. 

11. 12, 13. Tabular basalt, divided hy thin seams of 
bole, 80 feet. 

14, 15, 16. Tabular basalt, occasionally containing 
zeolite, 80 feet. 

The stratified rocks in contact with the trap have un¬ 
dergone remarkable changes in several localities. 

At Portrush, the trap (a rudely prismatic greenstone) 
overlies and perhaps alternates with a Unity slate, which 
contains numerous impressions of ammonites, belonging 
to the lias shales. This transformation of lias shale, 
which reminds us of the more extensive phenomena of 
the same kind in Savoy, was formerly adduced ns an 
argument for the aqueous origin of basalt! Most of the 
alterations of stratified rocks on this coast are effected 
hy basaltic dikes, which divide both tlic overlying masses 
of trap and the subjacent strata. 

At the foot of the hill called Ltirgcthau, basaltic 
dykes traverse the red sandstone eonglomeinle, which is 
indurated near the contact so as to resemble compact 
hornstone. 

The coal measures, underlying the basalt of Fairhead, 
are crossed by dykes which have changed the ordinary 
shale into flinty slate, hardened and pyritized the sand¬ 
stone for l.» yards, and converted the coal to a cin¬ 
der. The dials is affected hy many djkes to such a 
degree as to he converted to a real marble, for 10 feet or 
more from the side of the basalt. 
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Geology. The order of effects is first a yellowish tinge of colour, 
C'h HI. then a bluish-grey colour and compact texture, then a 
fine grained ateuaceous aspect, next a saccharine granu¬ 
lation, and finally close to the dyke the chalk is altered 
to a dark brown crystalline limestone, with flaky crystals 
as large as those in primary limestone. The flints in 
the altered chalk assume a grey-yellowish colour; the 
altered chalk is highly phosphorescent when heated. 
Examples occur near Belfast, at Glenarni, in llathlin, 
and other places. Near the top of the stratum of chalk 
which crowns the cliffs ol'Murloch Bay, isutt interposed 
lied of wacke 5 or 6 feet thick. For proofs of local vio¬ 
lence accompanying the exhibition of the basalt, and 
many interesting details, the original Memoirs may be 
consulted. 

The basaltic formation of Upper Teesdale in York¬ 
shire has been described by Professor Sedgwick, and ils 
continuation through Northumberland by Mr. Hutton; 
nml we can bear witness to the merit of their researches. 
The great mass of basalt (called Whin Sill) lies in a 
pscudostratimi of most irregular thickness, enclosed 
among the strata of the earboniferous limestone scries, 
generally in one particular part of the series, so that in 
the valley of the Tyne its place in the section is con¬ 
stant, and we think it occupies generally the same 
situation in Teesdale, though in Weardale another layer 
of basalt occurs. We cannot doubt that it was erupted 
from several local centres or lines, and that its thickness 
at different places was affected by their proximity to the 
eruptive channel. ’ In the short space of six miles, from 
Caldron Snout to Hilton Heck, its thickness is diminished 
from 20 0 or 300 feet to 24 feet, and further South it 
disappears totally. But to the Northward the range is 
(interruptedly V) continued to the sea-coast of Dunstau- 
borough. 

No dykes pass from this mass (in Teesdale) into the 
rocks above or below ; so that a first view of the case 
suggests the belief that it was poured out as a mass of 
submarine lava upon the yet incomplete deposit of the 
carboniferous limestone. Professor Sedgwick, however, 
(Vamh. Phil. Trans.') maintains that it was injected from 
below amongst these strata, aud that it penetrated be¬ 
tween the planes of the strata by violently uplifting 
them. 

'I'lie strata in contact are affected by the basalt in 
several ways, which inny be well seen about the high 
force. The subjacent shales arc prismatized, so as to 
be mistaken for basalt, generally much dchitiiminixcd, 
so as to become grey or whitened, and rendered brittle 
by condensation, hut not much hardened. The sand¬ 
stones aie in several places highly hardened, rendered 
brittle and lull of fissures, and much whitened. The 
limestones below the shale are remarkable for having 
their top bed full of iron pyrites. Those above, 
but not in contact with the basalt, are for a large tract of 
counti y totally changed from a full blue, hard, rather 
crinoidal limestone in the first degree to a pale blue, 
crystallized, soft marble, and in the extreme to a loose, 
grnmilur, succhnroid rock, in which, nevertheless, some 
traces of organic remains (a crinoidal column) remain. 
But the most remarkable effect is the generation of gar¬ 
nets in the contiguous shale under the basalt of t'ronkley 
scar; a case analogous to the one described in connection 
with the dykes of Plas Newydd by Professor Ilenslow. 
(Orol. Trans.) 

The igneous rocks themselves are chiefly a fine¬ 
grained .dark basalt, changing to a coarse-grained va¬ 


riety of the same ingredients. Contemporaneous veins Geology, 
of very beautiful hypersthenic and augitic trap pass Ch. III. 
through the basalt in several points, and it ia traversed 
by a few productive lead veins. 

The connection of several very remarkable and exten¬ 
sive basaltic dykes with this great" Whin Sill” is rather 
assumed than proved. In fact, there is no evidence of 
any one of these dykes being traced into the Whin Sill, 
aud as some of them pass into the upper coal measures, 
and one divides magnesian limestone, lias, and oolites, 
we prefer to consider them of different Ages, though 
certainly related to the same local centre of igneous ex¬ 
pansion. Successive injections of similar igneous rocks, 
at remole geological intervals, seem to be indicated by 
the phenomena. 

These dykes pass in directions to the East Norlh-Eust, 

East South-East, and nearly East, and the lines which they 
take are so straight through all sorts of rocks, their re¬ 
spective breadths, and the quality of the rock in each, so 
nearly uniform, though in these particulars they differ 
from one another, that, considering their extraordi¬ 
nary length, we may salely rank them as amongst the 
most remnrkable phenomena of English Geology. The 
Cleveland or Cocklield dyke, in particular, ranges for 
seventy miles through the coal scries, (where it chars the 
coal, hardens the sandstones, and debituminizes the 
shales,) the maguesiaii limestone, the lias shales and 
sandstones of the oolite series, which are affected like 
the coal system below. Generally it is a nearly vertical 
dyke, but at Cockficld fell is subject to oblique expan¬ 
sions of a singular kind. 

The dyke which passes East North-East is remark¬ 
able for having a small vein of leud ore running by the 
South-East side of it, and for converting the shales 
through which it passes to the state of a soft, whitish 
shale, called pencil bed, like those in connection with 
the Whin Sill. It does not cut through the magnesian 
limestone. 

Mrlaphyre, Pyroxenic Porphyry. 

The history of lids rock, which has a base of nngiteor 
pyroxene, holding crystals of felspar, is indissolubly as¬ 
sociated with the name of Leopold Von Buch, who, by 
a series of observations, chiefly founded on a survey of 
the Southern flank of the Alps, has been led to form the 
remarkable opinions : I. that the elevation of the East¬ 
ern range of the Alps, since the tertiary epoch, was 
contemporaneous with and dependent on the eruption of 
inelaphyre; 2. that the dolomites of the Alps were 
produced from ordinary limestone at the same time 
and with the same dependence. The line of dolo¬ 
mites and melaphyres extends (interruptedly) from 
Bleibergto Lake Lugano; but the occurrence of so 
many masses of dolomitic limestone in other situations 
than where melaphyrc shows itself, must render incon¬ 
clusive the inferences drawn from their connection in 
the Alps. Neither is this connection always very evi¬ 
dent. On the contrury, even at Lugano, it is rather vcar 
the augitic rock than in contact with it that the lime¬ 
stone is dolomitized. Von Bitch's own Map and sections 
(Ann. des Sci. Nnt. tom. xviii. pi. vii.) would hardly lead 
to the opinion that the doloinitr/.ation of the limestone 
was especially due to the presence of meluphvre. For 
between the dolomite and inelaphyre of the peninsula of 
Lugano, mica schist and another kind of porphyry in¬ 
tervene ; and on Monte Argeritera, the limestone which 
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lips upon the melaphyrc is not dolomitized. I)e Beau¬ 
mont admits that it is even rare to find the dolomites near 
Lugano in actual contact with melaphyrc. 

It would, however, be unjust to Von Buch to reject 
the hypothesis on this account. He himself says it is to 
gaseous eruptions accompanying the pyroxenic eruption 
that we must ascribe the alterations of rocks. 

The influence of these exhalations might be felt 
far from the main fissures occupied by inelaphyre, and 
Dc Beaumont generalizes the phenomena so as to 
refer the production of dolomite to the exterior line of 
fracture of the primary rocks ; that is, to the line whiclt 
now divides the undisturbed from the disturbed rocks. 
See page 761. 

The view is thus entirely changed, and certainly ren¬ 
dered more philosophical. Whatever may be its fate in 
this amended form, Geologists will have been taught by 
it to investigate generally what connection tlicic may be 
between certain phenomena of alteration of rocks, certain 
lines of disturbance, and particular erupted mineral 
aggregates ; and thus the field of research into the con¬ 
ditions of the local inetainorphism of stratified rocks is 
greatly widened, and brought into nearer relation with 
the speculations concerning general alterations of the 
primary strata around granitic nuclei and axes of ele¬ 
vation. 


Cl ay stone. 

In the cliffs of Corygills (Arran) are several claystone 
dykes. One of these slopes ut a considerable angle 
through the sandstone cliff, and, being very wide, shows 
a columnar structure in the middle rcctangled to the 
plane of the dyke; along the sides it is slaty. Between 
the columnar porphyry of Druinadoon and the Coves on 
the West side of Arrau may be seen no less than five 
int’’i positions of claystone among the sandstone strata, 
mostly exhibiting a rude prismatic structure. 

Near Tortnore is the celebrated arched vein or dyke 
of claystone represented by Macculloch, and considered 
as composed of ellipsoidal concretionary layers by 
Bone. It is redder and softer in the middle than at the 
sides ; it divides strata of red clay and white sandstone. 
Great variety of claystones occurs in the Pentland hills. 
(Professor Jameson, Went. Trans, vol. ii.) 

• 

Claystone Porphyry. 

Trachjrtic porphyry, (Bond,) clay porphyry, as it is 
termed by Jameson, occurs on the Western shore of the 
Island of Arran in considerable variety. It appears in 
the cliffs in huge overlying masses, and on the sand¬ 
stone shores in dykes of great width. At Drutnadonii 
many interesting exhibitions of it occur. We extract 
the following brief notices from a journal of observa¬ 
tions in 1820. 

A dyke (a) of clay porphyry 20 feet wide, ranging 
South 40° West, includes large modified felspar crys¬ 
tals, which are sometimes nodular in external figure. 
On the South-East side is a contiguous vein of green¬ 
stone. The porphyry encloses masses of greenstone; it 
is not prismatic. A huge mass (6) of clay porphyry, like a 
dyke or rather interposed bed, dipping South, lias on the 
South a layer of more basaltic aspect, the two being 
united in one specimen. In the fine range of clay por¬ 
phyry columns at Druinudoon, which are 60 or 80 feet 
liigh, occurs a dyke of greenstone passing in a line of 


double flexure obliquely through the pillars. At the 
base of these columns is a layer of moie decidedly ba¬ 
saltic rock with tew crystals of lei spar, through which 
the same prismatic structure passes. Towards tins 
great mass the dyke (a) tends, and is said to join it. 
A very wide dyke of clay porphyry, ranging North tit>° 
East, (beyond the Coves,) has greenstone on each side, 
and also encloses greenstone. 


Geology. 
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Amygdaloidal Trap. 

The Hill of Kiunoul. one of the most remarkable 
masses of trap rock in Scotland, rises near IV,th, limit 
out of the great area of red sandstones which lie against 
the primary strata of the Highlands. Its height above 
the plain of the Tay is stated by Macculloch (Omf. 
Trans, vol. iv.) to be 000 feet, mid it shows precipitous 
faces to several quarters. The greater part of the lull 
consists of an amygdaloidal rock, whose busis varies 
from well-characterised basalt to wacko. The sub¬ 
stances which impart to tlve rock its amygdaloidal cha¬ 
racter are, green earth, calcareous spar, quail/., and 
culcedony. Green earth, or chlorite, occurs in nodules 
generally small and round ; it also invests the roundish 
nodules of calcareous spar, which are crystallized within 
but externally accommodated to the shape of the cavity 
ill the rock, or to the crystals of quartz which sometimes 
line the cavity. The spar is sometimes crystallized at 
liberty ill a cavity of quartz or agule. 

The quartz is found to vary by several shades into 
agate and culcedony, which latter sometimes appeals in 
a staluctitical form hanging downwards in the cavities 
of the amygdaloid. Alternating zones of quartz and 
culcedony sometimes appear in the same nodule; ame¬ 
thystine quartz also occurs, and we have in Kiunoul 
almost every variety of angularly zoned agates. Veins 
as well as nodules of calcareous spar and quartz divide 
the rock, and more rarely sulphate of ha ivies, chert, 
and agate. Veins of heliotrope have also been found, 
but without the red n|kjIs. Macculloch thinks there is 
not the least reason to doubt that the substances now 
tilling the cavities of the amygdaloid have been intro¬ 
duced at some period since the cavernous aggregation 
of that rock from a stale oflavu. 

Shales and sandstones arc hardened and uttered, and 
much confused at their junction witli the trap. A re¬ 
markable case of seeming prolongation of thin masses 
of the shale into the substance of the trap, so as to 
resemble veins, is described and represented by Muc- 
culloch. (find. Trans, vol. iv. pi. xi.) In these seeming 
veins the laminated texture of the schist disappears. 

Alternations of amygdaloid and sandstone are fre¬ 
quent about Oban. 


IVacke. 

Respecting this softest of the trap rocks we shall 
only observe, that in the Colton Hill, Edinburgh, it 
forms part of those variable masses, which sometimes 
may be called amygdaloid, sometimes porphyry, and not 
unfrcqucutly assume the aspect of breccia; being like-, 
wise traversed by numerous small veins or strings ol 
calcareous spar. In the supciior and Eastern puits of 
this hill wacke alternates with bituminous shale and 
nodules of argillaceous ironstone, in many repeated 
strata dipping to the East. At the surfaces of junction 
there sometimes appears a gradation from one rock to 
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V'Ti'u'l' t * u ‘ ot *"' r » am ' it does aj>j>cur that any decided 
murks here occur of the action of heat upon the shales. 

Pilrkslone. 

As before observed, pitchstone occurs in the Isle of 
Arran both in dykes and interposed beds among the 
sandstone strata. The Western toast is particularly 
interesting in this respect. The same cliffs which exhi¬ 
bit so many cluystouc musses alternating with sand¬ 
stone, contain also parallel short bands of pitchstone 
pvobably connected with the neighbouring dykes. One 
of these dykes, about 30 feet wide, is curiously mixed 
with liorm-toiic, and for the most part bordered along 
the sides by greenstone. The disposition of these sub¬ 
stances in the fissure will he understood by reference to 
the horizontal plan, pi. vii. fig. 10, where the letters 
II, I’, and (1 arc placed against (lie hornstone, pitchstone, 
and greenstone, respectively. The pitchstone is gene¬ 
rally of a dark green colour, fissured longitudinally into 
rude pi i-ms, which are jointed transversely at about two 
feet distance, or concreted into smooth conical masses. 
It seems to pass gradually into the hornstone, which is 
laminated parallel to its bounding surfaces. The dyke 
appears in one place to deviate from its vertical course 
and to go under a portion of the sandstone. A green¬ 
stone dyke, which is nearly right angled to the course of 
the pitchstone, is shifted by it. 

In another dyke, one side is yellow pitchstone closely 
approximating to claystone, within this light green and 
red stripy pitchstone, then silicious splintery stone in 
irregular masses, (hornstone,) and the opposite side is 
greenstone. Another of those curious dykes is green 
piicliMoiic on each side, then red pitchstone, and in the 
middle dark grey hornstone. 

The pitchstone bed at Corygills is 15 feet thick, and 
a dark green or black rock, enclosed between strata of 
sandstone, which are hardened towards the junction. 
Tlie pitchstone is inaikcd by lines parallel to its nearly 
level surfaces, and these aie crossed by the smooth dis¬ 
tant vertical faces of prisms. The lower part is porous; 
between it and the sandstone beneath is a white crumbly 
or fragmentary mass soft as steatite, which it much 
resembles. 

Trap Tuff. 

Porphyrilic llreecia. “ Volcanic Sandstone." 

Rc-nggrcgations of the disintegrated or liugmeuted 
materials of trap rocks are generally known under the 
vague name of trap tutf and compared with volcanic 
tuif, sometimes without much reason. Amongst the 
slaty rucks of Cumbria, in Glen Coe and Ren Nevis, 
fragments of (clspathic and porphyritie rocks ure fre¬ 
quently found united into a solid breccia; under Arthur's 
Seat and in the Callow 11 ill recomposed irregular strata, 
chiefly derived from fragmented rocks of igneous origin, 
appear associated with ordinary greenstones, porphyries, 
and basalts. In many instances these have no just 
claim to be ranked with the pyrogenous rocks, but 
should lie transferred fo the class of tumultuary and 
local aqueous deposits: the circumstance that the prin¬ 
cipal portion of the ingredients is of igneous origin, is 
not probably confined to these rocks, but is often, per¬ 
haps with truth, asciihcd to the whole mass of sedi- 
mcntniy deposits from water. 

^ In the vicinity of Oban, in juxtaposition with some 


inlerestinsr nmygdaloids and altered shales, sandstone ' 

beds, composed of the grains of disintegrated trap lucks, 
arc found resting on conglomerate, amongst whose peb¬ 
bles arc granite, porphy ry, quartz, red and white amyg¬ 
daloid, fine-grained basaltic trap, sandstone, jasper, &c. 

Mr. Murchison has recently found, along the South 
Wales border, many examples of the occurrence of sand¬ 
stone composed of the ingredients of trap rocks. A 
little removed from the steep slopes of the Wrekin and 
Caer Curndoc, rocks of this kind occur in beds, and con¬ 
tain organic remains, but in all respects of composition 
strongly resemble greenstone. This was noticed by 
Aikiu. At the Southern extremity of the Wrekin, the 
stone is of a dark green colour, nod is evidently com¬ 
posed of the ingredients of greenstone and syenite with 
a few scales of mica. Near the Carudoc these beds 
contain much decomposed felspar. They are part of 
the I III system, p. 5<ifl, of the fossililerous greywacke of 
Wales, and arc attributed to submarine eruptions of 
volcanic substances in such a state of disintegration as 
to mix vvilh the sen water, and be diffused over consider¬ 
able breadths of the bed of the sea. 

Section 4. 

Mineral Veins. 

The circumstances attending the occurrence of mi¬ 
neral veins in the rocks, their intersections with each 
other, and the arrangement of their mingled metallic 
and sparry contents, have been suiliciently studied to 
ascertain that these vuluable elements in the adaptation 
of our Planet to the wants of its inhabitants have been 
subjected to a great variety of processes depending pos¬ 
sibly on one general law, but greatly modified both in 
combination and energy by local and periodical condi¬ 
tions. ]ii tlie vague language of impel feet Science, vve 
say, many causes, separate or variously combined, have 
been concerned in the production of mineral veins; and 
it is probable that tlie most advantageous mode of in¬ 
vestigating their oiigin, consists in the attempt to infer 
from the mass of fiicfs already brought together, what 
aie, respectively, the spheres of action and limits of inten¬ 
sity belonging to the several processes concerned ; and 
afterwards, from a more general contemplation of these 
processes ifi their various degrees of combination, rise to 
a comprehensive notion of their connecting laws and 
general cause. 

This is not the mode usually followed by writers on 
mineral veins. Neglecting the general fact of the com¬ 
plication of the phenomena, they have been mostly 
anxious to try their bearing individually, or in mass, 
upon the perfectly general question of igucous or aque¬ 
ous agency, and thus nothing-was explained. A vast 
abundance of minute information'on veins has been 
irrecoverably wasted; and the experienced miner laughs 
at the reasoning of the half-informed Mineralogist, con¬ 
temptuously rejects his theory of veins, and contents 
himself with believing that tlie facts arc inexplicable. 

This dissociation of observers end reasoners is the true 
cause of tlie comparatively small advantage which lias 
been derived to Geology from the immense and various 
mines of the British Isles; on the one hand vve have the 
greatest possible variety of phenomena, on the other tlie 
full extent of the resources of chemical and mechanical 
philosophy, but these have not been combined. If the 
zoological principles of Geology are better established 
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and more fertile in deductions than the mineral princi¬ 
ples, it is not because our knowledge of organic nature 
is more advanced than the science which treats of the 
constitution and agencies of inorganic matter, for the 
contrary, perhaps, is true, but because in the one case 
the ancient effects and the modern laws of action have 
been brought into mutual illustration, in the other 
deprived of all connection. 

In order to prosecute the investigation according to the 
principles which we have stated to be the best, we must 
limit our inquiry to those subjects most distinctly con¬ 
nected with metallic accumulations in the rocks. To sup¬ 
port inferences concerning the general laws of processes 
which have produced mineral veins, we may with great 
advantage include the history of basaltic and granitic, 
and porphyritic dykes, but for the discovery and estimat¬ 
ing of the processes themselves only those effects must 
be examined in which they are especially concerned. 

Though in some instances the distinction between 
rock dykes and mineral veins be imaginary, they are in 
general clearly contrasted by the nature of the sub¬ 
stances which they contain: in the former case, crys¬ 
tallized minerals of the same kind as those great interior 
masses of consolidated rock from which they often are 
evidently ramifications; in the latter metallic substaueos 
which arc not known to exist in nature except in these 
situations and in other very similar or distinctly related 
to them by position, and crystallized or earthy minerals, 
seldom of the same kind us those which occur in any of 
tile rock dykes. To this general rule qunrtz is one of the 
most striking exceptions; yet even in this instance it is 
remarkable thnt the qunrtz of veins is of a very different 
aspect from that mingled with the ingredients of granitic 
and trap rocks. We must therefore take the presence 
of metallic matter and certain noumclallic substances 
usually connected therewith, and commonly called vein- 
stutf, as the leading characteristic of the mineral veins 
whose history we are now to examine, and connect 
with these ail other cases of metallic aggregations or 
occurrences of the vein-stuff which seem relerrible to 
the same or analogous processes. 

This view embraces the following points of research. 
1. What substances are found in mineral veins and re¬ 
positories. 2. The manner of their aggregation or mix¬ 
ture. 3. The situations of their occurrendb. 4. The 
relations between frequency, arrangement and contents 
of the veins, nature, age, and position of the rocks in 
which 'hey occur. 


Substances in the vein. 

What sub- The simple minerals vyhich occur in veins and onalo- 
stauces, &c. pons situations, are far more numerous than those 
which are found as component parts of the rocks. 
Igneous rocks, and especially those of modern volcanic 
origin, hold a very great variety of nonmetallic sub- 
• stances, some of which also occur in veins; but it is 
almost exclusively in this latter that we are to seek the 
metals in their pure state, alloyed with one another, or 
mineralized by combination with sulphur and other 
combustibles, with oxygen, chlorine, and other gases, 
or converted into salts by union with various acids. 
Every elementary substance yet discovered by Chemists 
exists in the earth, and it is probable that none of these 
are entirely absent from the solid contents of mineral 
veins; though this has not yet been shown to be the case 

voi. VI. 


for iodine and bromine, which seem universally present in Geology, 
the modern ocean, and azote, which appears in an Ch.HI. 
especial manner devoted to the atmosphere and to the ' 

organic portion of nature. 

The metallic substances seldom occur pure, sometimes Alleys, 
in alloys, similar for the most part to those now produci¬ 
ble by the Chemist, as silver, antimony, cobalt, nickel, 
iron, with arsenic; silver and nickel with antimony; lend, 
gold, silver, and bismuth with tellurium; silver with 
mercury ; platinum with gold, &c. The only known 
circumstances which stand us antecedents to the produc¬ 
tion of such alloys, is bent, produced by either chemical 
or electrical uction; and perhaps there is no single fart 
connected with the theory of veins, on which the con¬ 
clusion of the influence of heat in their production 
might be more securely based. The rarer occurrence of 
pure metals affords an argument perhaps of less force, 
but perhaps we may draw the same inference from Comburcls. 
the very numerous clnss of metals mineralized by union 
with combustibles, as sulphur, phosphorus, carbon, 
selenium, &c., to the formation of which, according to 
the slate of our knowledge of chemical forces, heat 
would appear to be directly necessary. 

We cannot apply this general argument to the case Oxides and 
of the metallic oxides which arc very prevalent in veins, 
because, in the first place, these are produced under 
various relations to bent, moisture, and contact with 
gaseous substances; and, secondly, have various degrees 
of permanence when exposed to high temperatures, 
cither separately or combined. Neither have we any 
general conclusion to present concerning metallic salts, 
which likewise arc not rare in veins, since these are 
also in the same way various in their origin and degree 
of permanence. There is besides a difficulty attaching 
to this branch of the subject arising from the interesting 
fact, that, in very many instances, metallic oxides and 
salts are derivative compounds from sulphurcts and 
other primary combinations; nnd when this is very 
evidently the ease, they are called epigone. This may 
be said to be even frequently the case with oxide of 
iron, carbonate of copper, and probably carbonate, phos¬ 
phate, and other salts of lead. 

Besides the metallic ores which imparl to many N’onme- 
veins their most striking, if not most constant characters, ,:l ! lic 
various earthy minerals lie in these repositories, and, as muH:ra ‘ ( ' 
will afterwards appear, under certain definite relations 
to tlie enclosing rocks as well as to the included metals, 
and with a less distinct dependence on the local situa¬ 
tion or mining district. These earthy substances are 
usually called the gangue, vein-stuff, or matrix of 
the ore. Generally they are crystallized, as quartz, 
fluor spar, calcareous spar, phosphate of lime, 'he 
sulphate and carbonate of bar) tes, strontites, &c.; 
sometimes appear massive, as quartz and several other 
minerals when the vein has no cavities in it; and some¬ 
times the vein-stuff is entirely soft argillaceous matter, 
of different aspect in different mining districts. We 
are not aware that these soft kinds of vein-stuff have 
ever been analyzed, though probahiy some curious re¬ 
sults might reward the labour. The Cornish mines 
would furnish many examples. 

In some veins, masses of the neighbouring rocks are Rider, 
enclosed and penetrated to a great extent by little strings 
of the ore and spar, so as occasionally to be worth the 
trouble of working. The vein is said in this case to 
bear a rider. It, in fact, sometimes becomes under 
these circumstances a double vein: more rarely pebb'es 
5 u 
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Geology. a nd other marks of watery action, are stated to occur in 
t:h. Ilf. goft veins. 


Mode of Aggregation of the Ingredients. 


General 
iilo.i of. 
mineral 
Vein. 


Supposed 

mccessivo 

deposition 

of the sub¬ 
stances. 


In this respect there is a variety of appearances which 
deserve especial notice as indicating some of the condi¬ 
tions under which the vein was filled. In some cases, 
for instance, the whole breadth of the vein is occupied 
by one kind of substance, a6 lead ore, or quart/,, or sul¬ 
phate of barytes; in other instances, the metallic matter 
is interspersed in small masses through a getieral basis, 
as quartz ; but, generally, the different substances which 
fill the vein arc ranged in a definite order of succession 
from the sides of the vein toward the middle, in which, 
commonly, the metallic matter occurs in an irregular 
vertical table called a rib of ore. These variations are 
best observed in the proper veins, but arc also to be 
noticed in the nests and detached masses of ore aud 
vein-stuff which sometimes occur in the vicinity of the 
veins. 

The ordinary notion of a mineral vein is well exem¬ 
plified in some Derbyshire specimens, not rare in col¬ 
lections, which, when cut across, show in the middle 
masses or a continuous rib of galena, and on each side 
of tliis, to tiic extreme edges of the mass, (or narrow 
vein,) layers of fluor spar and carbonate of barytes in 
frequent alternation, all the materials being crystallized 
together without leaving any cavities, yet preserving 
their own character of structure. 

Tlius, in the diagram, pi. vii. fig. 11, « is the middle 
rib of galena, 6 b, c c, the alternating bands of barytic 
spar and Huor spar; d d, the masses of rock which en¬ 
close tile vein, are called the walls or checks of the vein. 

The contemplation of these specimens seldom fails to 
impress upon the mind an imperfect conviction that the 
several bands of mineral substances were deposited on 
the cheeks or walls of the vein in succession, the middle 
being filled last of all; and this theoretical notion has 
been illustrated by comparing a mineral vein to a narrow 
gallery whose walls were covered by many successive 
coats of plaster of different colour and composition. 
Werner adopted the notion of the unequal antiquity of 
the vertical layers of the veiu so implicitly as to speak of 
the middle ribs as always of less antiquity. It is diffi¬ 
cult to resist this impression, especially when, in addi¬ 
tion to tiie circumstance of the succession of the luminw, 
we observe that these lamina* are so crystallized as to 
turn their free terminations towards the centre of the 


vein, and in that direction to imprint the next layer 
with their own forms, just as crystals forming in a vessel 
shoot their points toward the part still remaining 
liquid, and in that direction are covered by the subse¬ 
quently formed crystals. Very similar inferences are 
suggested by certain agates, and more distinctly by 
geodes in basalt, and the crystallized cavities in lime¬ 
stones, in the interior of shells, &c.; in which cases the 
hollow towards which the crystuls pointed still remains. 
Reasons Yet this first impression loses much of its force when, 
against this instead of confining ourselves to a cabinet specimen, 
notion. we examine the whole extent of a mine; for here in the 


first place it is very often found that the regular succes¬ 
sion of minerals from the sidh to the centre is a limited 


though repeated phenomenon; that the rib of ore is of 
short horizontal, and sometimes still shorter vertical 
extent, diminishing to nothing, or diffused in small 
grains through the contiguous spars; that different 


metals are found in (he same vein ut different depths 
and at distant points along its course; and that both 
the quantity of metal and the presence of spars are de¬ 
pendent on the hardness, and perhaps on some proper¬ 
ties imparted by the chemical nature of the rocks which 
the vein divides. Instances of this will be given 
hereafter. 



The phenomena of crystallization before alluded to Chcmjrnl 
can hardly be thought to prove the successive inlroduc- reasun "' 
tion of the mineral laininee into the vein ; though very 
probably they do demonstrate the order of crystallization 
of these substances. 


In some cases we observe indications that one kind 


of mineral lias been formed round another ns a nucleus ; 
as for example, sulphuret of copper round icosaedral 
iron pyrites in a part of Caldbeck fells, Cumberland, and 
more frequently in many places carbonate of copper 
and carbonate of lead round the sulphurets of those 
metals. It is very ofteu the cose that the metallic 
matter of the vein is collected into the middle and forms 


there a distinct tabular mass, called a rib of ore, more 
rarely it is disseminated in the gangue. Generally, only 
one kind of metal abounds in the same part of the vein, 
but the same vein may yield lead above and copper 
below, copper above and tin below, or lead in one 
place and copper in another. The observation is fre¬ 
quent tiiat ore is collected into certain vertical portions 
of a vein which are worked above and below level, and 


betweeu which little but vein-stuffis found in the horizon¬ 


tal drift. There is a vague notion amongst miners, tiiat 
veins are most productive in the deep, aud it is at least 
probable that they nre less rich near the surface. 

Werner insists on the fact, tiiat certain associations of Association 
minerals can be traced in veins. He notices the con- oi nillK 'ioc¬ 


currence of lead glance, and blende or calamine, and 
coppef pyrites; of cobalt, copper, nickel, and native bis¬ 
muth ; of tin, wolfram, tungsten, molybdena, and arseni¬ 
cal pyrites; of topaz, fluor spar, apatite, schorl, mica, 
chlorite, and lithomarge; of brown ironstone, black iron¬ 
stone, manganese, and heavy spar. He says where tin 
occurs, ores of silver, lead, and cobalt, heavy spar, calca¬ 
reous spar, and gypsum are rarely toil nil. Cinnabar and 
other ores of mercury scarcely ever occur with the ores 
of other metals, except iron ochre and iron pyrites. 

Tiiat fragmented masses of the neighbouring rocks Rolled and 
should be found in mineral veins, cannot be thought fragmented 
surprising. It is a common occurrence in mining mu “ iCS ' 
districts, both of primary and secondary rocks... Tims 
gneiss at Joachimsthal, clay slate in Cornwall, limestone 
in Cumberland, are included in the veins. A. more re¬ 


markable case is that of rolled masses lying in the 
veins. Werner mentions a vein in Daiiieistolleu at 


Joachimsthal, fourteen inches wide, which, at one hundred 
and eighty fathoms depth, was almost entirely composed 
of rolled pieces of gneiss, some of them nearly spherical. 

In the Stoll Kefier, near Riegelsdorf, a vein of cobalt 
was cut through by another vein of sand and rolled 
pieces. These examples seem satisfactory, but we must 
always he careful to oiscriminate between rolled pebbles 
and concretionary masses. 

Mineral veins are usually distinguished by miners General 
into several kinds, according to their general form and fo I ms °f 
direction, because these circumstances are the most ' ein8 ' 
influential iu the arrangement of theii works. Rake 
veins, the most common and characteristic, may be consi¬ 
dered to fill long, narrow fiB6ures, which pass in a vertical 
or highly inclined direction downwards from the surface 
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rf* 1 ???' trough a great thickness of the subjacent rocks, what- 
Ch. III. eyer t jj e8e ma y jj e> nTlc j preserve nearly the same angle 
of inclination and the same linear direction through their 
whole course. Pipe veins are also highly inclined, and 
pass downwards in the same manner, but they rather 
resemble irregular chimneys than fissures, and are sub¬ 
ject to great swellings and contractions of their diame¬ 
ter. They sometimes pass downwards along the sur¬ 
faces, and in other eases penetrate through the substance 
of the strata. The mines in the neighbourhood ofEcton, 
in Staffordshire, are on pipe veins. Perhaps we may 
give the same name to the irregular cavity of copper ore, 
which forms the celebrated Parys mine in Anglesen, and 
to the iron mines of Dannemora, in Sweden. Flat veins, 
or streaks, as far as we are acquainted with them, seem 
hardly to deserve a special name, being only portions of 
rake veins which have been changed in their inclina¬ 
tion, and made to pass for limited distances parallel to 
the beds. In the limestone districts of the North of 
England, this happens principally in connection with 
certain limestone beds. Williams has a title of Gash 
veins to express such as range for considerable lengths, 
like rake veins, but are wide at top, and grow narrower 
downwards, till they entirely vanish. This is a rare case; 
though Werner’s opinion seems to be that many veins 
grow narrower downwards. 

Strings. Perfect parallelism of the sides or wulls of a rake vein, 
which is the most regular of all, is a rare phenomenon. 
Most commonly, indeed, there is a definite boundary to 
the mineral masses presented by the rocks on each side, 
but this is only on the great scale; and the operations of 
mining disclose to us innumerable cracks and fissures in 
these boundary walls, which, when filled by metallic or 
spongy matters, are called strings, and are frequently 
worth the labour of following even to groat distances 
from the parent vein, if, indeed, we are entitled* to use 
this hypothetical expression. The notion of miners ge¬ 
nerally appears to be, that these strings are to be viewed 
as feeders of the vein, and in proportion to their fre¬ 
quency in many instances, is the productiveness of the 
vein. In the accompanying diagram, pi. vii. fig. 12, 
the vein v, v is represented as sending out small branches 
or strings into the neighbouring rock. A rock thus pe¬ 
netrated by strings is sometimes said to he ridcred, just 
as the masses which are often included in the vein, und 
the walls which bound it, are called rider. In many 
rocks these ridered parts are very greatly altered from 
their priginal state. 

It sometimes happens that, in passing through rocks 
of various hardness, ns limestone, shale, &e. the veins 
turn flat for a short distance on the hardest and most 
connected beds, (as, for example, on the Tyne bottom 
limestone of Cumberland,) und afterwards continue their 
course. These flat parts usually send off' strings into 
the limestone, which may thus be ridered to a consider¬ 
able distance. 

Dissemina- Sometimes the mineral is disseminated through the 

ted veins, parts of the rock adjoining a vein, or collected in small 

&c • nests and other closed cavities. This happens not only 

in the Cornish mines, in killas and granite, but in those 
in the mountain limestone tracts of the North of Eng¬ 
land, and even in magnesian limestone. Generally 
speaking, we may be sure that this metallic impregnation 
is so related to the veins, that it is an effect of the same 
agent. Whatever filled the veins, also transferred to small 
distances from them some of their constituent minerals. 
Certain metals and ores are more liable than others to 
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this lateral diffusion. Native silver, silver glance, red Geology, 
silver ore, native copper, tin me, iron pyrites, and red ^* 1- HI. 
iron ochre, are specially noted bv Werner as occurring N "■*«“*- * 
in this way. He sajs, copper ore, pyrites, and lead glance 
seldom exhibit this effect. The assertion may be dis¬ 
puted ns to galena, which is found as well ns blende, 
and bitumen, and calc spar, and quartz, in closed cavities 
of shells, in mountain limestone, and in other strata. 

The dissemination of tin ores through some of the 
rocks of Cornwall, is noticed by Mr. Hawkins, under the 
title of Tin-floors. (Geol. Sou. of Cornwall Trans.v ol. ii.) Tin (loan,. 
He observes, that the whole tenement ol Bolullack is '• <u ck\vurks I 
said to be full of tin floors. At Zinnwald, mineral beds Xc ' 
or floors have long been the object of mining adventure. 

There granite alternates with the tin floors, which consist 
of quartz and mica, with tin ore, fluor spur, and wolfram, 
quartz and mica with tin ore, &c. At Hieilenbriinn a 
floor of this kind has been very extensively worked in u 
gneiss rock. 

The stockwork of the German miners is to be consi¬ 
dered as a mass of rock impregnated with metallic mat¬ 
ters, in numerous small veins, which come together irre¬ 
gularly, so as to make particular parls extremely rich. 

The working of such mineral repositories is directed by 
quite other principles than those which serve for straight 
veins of definite magnitude. The stockwork is generally 
opened like a vast quarry, and the excavations nre prose¬ 
cuted irregularly in the most favourable directions. Per¬ 
haps the copper mine of Parys mountain in Anglesen, the. 
iron mine of Dannemora in Sweden, the tin ore mine of 
Geycr in Saxony, arc examples of immense Mockworks. 

Werner, however, appears to have considered the stock- 
work as peculiar to tin ores. 

Relations of Veins to each other. 

The influence which veins exert on each other may be 
in some measure ascertained by an examination of the 
phenomena at the points where they come into contact 
or cross each other. At these points it is very often found 
that the quantity of ore is suddenly increased to a large 
amount, and for some distance, either in one or both 
of the veins. Many veins are productive only near such 
points, or yield there peculiar ores and minerals. This 
does not depend upon the enlargement of the vein 
merely, but is one of many fiicfs which appear to indi¬ 
cate the agency of certain electric attractions in the dis¬ 
position of the materials of mineral veins. Wc have 
heard miners say, that in certain cases neighbouring 
veins are subject to u kind of reciprocity, so that they 
are not both productive in the snme ground, but where 
one is rich the other is poor; but this cannot be esta¬ 
blished without a very large collection of instances care¬ 
fully observed. 

The intersections of veins likewise furnish us with Age of 
another well-ascertained class of facts, which throws wins, 
lighton the relative epochs of their production, independ¬ 
ent of the evidence on this subject furnished by the rocks 
which they divide. When two veins cross, it almost in¬ 
variably happens that one of these cuts is continued 
right through the other, as a wall is sometimes conti¬ 
nuous through another wall of brick from top to bottom. 

Thus, a vein of copper ore may cross and cut through a 
vein of tin ore, a vein of lead ore may cut through a vein 
of copper o.e, and all these be cut through by some 
other sparry vein or porphyry dyke. It is supposed, by 
almost every writer on the subject, that the relative an- 
5 n 2 
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r 11 "'ii?* tiquity of the veins which tliu9 intersect one another may 
1- be immediately determined ; and that in every case the 
' ■“‘v '*• vt i n which is cut through is the oldest of the two. Werner 
took this os the basis of his classification, of veins, and 
most practical as well as theoretical miners agree in his 
views; but they are nevertheless controverted upon va¬ 
rious grounds, and as the question is of great interest, it 
will be useful to present a short connected view of the 
facts bearing upon it. 

Wc cannot make a step-in this argument, except upon 
the admission that the veins arc posterior to the rock 
which encloses them ; in other words, that the space in 
which the mineral masses of a vein lie, once existed as 
a fissure in the rocks, and was subsequently filled up by 
the accumulation of the sparry ami metallic matters. 
This is generally supposed by uuthors to be a self-evi¬ 
dent proposition. It is equally allowed by the Wernerian 
and (Iuttoniau hypotheses; and practical miners can 
with difficulty be made to understand that any doubt has 
been entertained on what seems to them so plain a truth, 
lliennmcna But tiic embarrassing phenomena of the granitic and 
in Cornwall mineral veins in Cornwall have created amongst some of 
cuiufieml. t) le (j e ologists of that district a strong suspicion, that veins 
are not to be pronounced of different antiquity ou account 
of the circumstances of their intersection, nor to be con¬ 
sidered as filling fissures at ail; but that the veins and the 
rocks which enclose them are of the same origin. Even the 
common fact of veins passing through slate into granite, 
docs not appear to them subversive of their views, which 
would reduce to one epoch and one origin the most dis¬ 
similar chemical and mechanical phenomena. This in¬ 
sulated opinion has been generally neglected, as opposed 
to the actual state of knowledge and inference on the 
subject, but as it undoubtedly contains at least a portion 
of truth, wc shall trace a few of the circumstances on 
which it is founded. Those who favour the opinion in 
question, must not be surprised at our omitting alto¬ 
gether what may perhaps appear to them the strongest 
argument of the whole, viz. the mechanical difficulties 
attending the generally received view, that veins were 
originally fissures of the rocks, because these difficulties 
have been in some cases surmounted, and in the rest 
are certainly more than balanced by others of a different 
kind affecting the Cornish theory. It is, besides, no 
argument for one theory that another is beset by diffi¬ 
culties which arc left unexplained in both. 

I n tlui 1. It is a general fact, that the walls of a vein partake in 

iiviuhliour- sotnc degree of its characters, and that effects, appa- 
ve'ia. ' * renll y depending on the vein, propagate themselves 
into the neighbouring rocks. Thus the walls become 
more indurated, more crystalline, and for considerable 
distances are filled with the matters of the vein; and 
even the very substance of the rocks is impregnated 
with mineral combinations. In a Country where 
the veins are numerous, large masses of the rocks may 
in this way be ridcred, as it is termed in the North of 
Englund ; and if such a gradation of characters could be 
relied on ns proof of contemporaneity of origin, this 
may in a few cases lead to the conclusion, that the veins 
and rocks are coeval. 

But what is the true conclusion on this point ? Is it 
not that these effects are locally related to the veins, be¬ 
cause they are a consequence « their influence, or rather 
of the agency which occasioned them P That the rider¬ 
ing of the neighbouring rocks is coeval with the pro¬ 
duction of the vein may be allowed ; but because these 
rocks are clearly defined from the veins, and fragments 


of them are enclosed in the veins, and the mineralizing Geology, 
influence which they have suffered obviously depends ch ' 
on the influence of the veins, we cannot hesitate to 
admit that these latter arc of separate and subsequent 
origin. These facts are similar to what occur in other 
mining districts, where the stratification and consecu¬ 
tive depositions of the rocks divided hy veins is perfectly 
evident, and where, therefore, contemporaneity of the 
veins is impossible. 

2. It is found, that when veins divide different sorts In different 
of killas or other rocks, that their contents vary in some rotks * 
inconstant manner, according to the nature of the rocks ; 

and, therefore, it has been sometimes argued, that the 
production of the one is dependent on the other. The 
most usual notion on this subject is, that the veins may be 
viewed ns secretions from the rocks ; and by some this is 
supposed to have happened after the production of fissures; 
by others, by a mere internal separation of the parts of 
the mingled metallic and earthy mass. 

This notion of the slow separation of the ingredients 
of rocks is in accordance with the principles nnd facts of 
Chemistry, and must be often appealed to, if wc would 
explain by true causes the phenomena of mineral veins; 
but with respect to the question before us it is indecisive, 
and may with equal propriety be applied to veins of fis¬ 
sures and veins of segregation. The same electric at¬ 
tractions between certain minerals in veins, and certain 
rocks about them, obtain in the secondary strata, us in 
the slates and granites of Cornwall; but if the preexist¬ 
ence of fissures in the former is certain, why shall we 
deny it in the latter? 

3. There are combinations of minerals in masses of Contempo- 
various figure, which, upon very good grounds, are ad- rancou8 
milted to be contemporaneous with the rocks in which ' cm, ‘ 
they lie; and if we choose to call by the name of veins 

all svfrh distinct combinations of minerals, these cer¬ 
tainly are contemporaneous veins. When in granite, 
greenstone, &c., we find particular portions either linear, 
tabular, globular, or in any other figure which have a 
different proportion of ingredients from the other parts, 
and in consequence become conspicuous and distinct, 
except at the edges, which graduate without any sign of 
fissure into the ordinary mass of the rock ; these may 
certainly be pronounced contemporaneous veins, and 
they have haen produced by a process of secretion or se¬ 
gregation during the crystallization of the rock. These 
cases are perfectly distinct, and by contrast place in still 
more striking light the true relative age of v.nins of 
fissures. 

In some instances veins of calcareous spar or other 
minerals lie wholly included in limestone musses, and 
these are properly called veins of segregation, but they 
are not contemporaneous veins, for they have clearly 
been fissures filled at some period since the consolida¬ 
tion of the rock, and the proof is, that shells, corals, &c„ 
are split and sometimes displaced by these sparry veins, 
which undoubtedly occupy cracks left by the shrinking 
of the rock in the process of consolidation. 

Upon the whole then, allowing every just latitude to 
the doctrine of contemporaneous veins, we must admit 
that the greater number of veins are posterior to the 
rocks which enclose them. 

This granted, we may* return to the intersections Intersect ion 
of veins. The most simple case is when two straight ,,f ve‘ u *- 
veins cross without any change of direction, or any 
lateral displacement; and the order of effects appears to 
be the production of a fissure, and the filling of this by 
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Geology. a vein, which was afterwards broken through by another 
C.i. III. f ISS , lrCi ant i n,j Si j„ its t urn , received another mineral 
vein. It seems difficult to doubt the truth of tills ex¬ 
planation ; for if the vein which cuts through the other 
be subsequent to the Assure in which itself lies, it must 
also be subsequent to the vein which that Assure di¬ 
vides. The occasional complication of the problem by 
the number of intersections does not at ull change its 
nature. 

Appear- There are, however, two things to be attended to, 

crus's!in*. 0 w bich require further consideration. It is sometimes 
observed, that the vein which upon this theory is the 
oldest, suffers a particular kind of accident at its 
junction with the other. It is divided into several 
branches on one or both sides of the cross veins, 
and these branches enclose portions of the neigh¬ 
bouring rocks. There is some difficulty in this case 
however it be considered, and we must demand more 
exact accouuts than are usually met with of these facts 
before attempting to reason upon them. The coinci¬ 
dence of this splitting of a vein with the crossing of 
another vein, may often be only accidental; for such 
splitting frequently occurs in a wide vein, far from any 
cross course. 

The Assures which have received the mineral veins 
are in most cases accompanied by slips or dislocations 
of the strata in a vertical direction, aud the veins are of 
course subject to the same accidents of displacement. 
When two veins cross, and both are vertical, the lines 
of bcuring of the two portions of the displaced veiu must 
remain coincident after the fracture ; if the divided vein 
be not vertical, its separated portions will have their lines 
of direction parallel, but not coincident; and in any hori¬ 
zontal plane they will appear to have sustained a lateral 
movement. Thus in the diagram, pi. vii. ftg. 13, the 
cross vein a and the divided vein b are both vertical, 
but the divided vein c is inclined in the direction of the 
arrows, und its apparent lateral displacement is really 
due to a vertical movement. If two divided veins are 
inclined in opposite directions, and be dislocated by the 
same cross vein, they will appear to have moved la¬ 
terally in opposite directions, as c and d. 

Were we to include the cases of the inclined cross veins, 
and also those where the inclination of these veins varies 
both in amount and direction, the results would become too 
complicated for explanation without mathematical sym¬ 
bols ; and we must, besides, remember that the displace¬ 
ment pf the strata is really very seldom in a vertical 
direction, but generally accomplished by an angular 
movement from some Axed point, or round n virtual 
centre. We must, therefore, be very slow to admit the 
difficulty of the problem of the displacement of the solid 
musses of the earth as an argument ogaiti3t the received 
opinions, concerning mineral veins, for this principally 
depends on the want of precise and sufficient data. 

Several remarkable cases which occur in the mines of 
Cornwall have been simply explained by Mr. Lnnsdulc, 
and there cati be no doubt that the application of the prin¬ 
ciples of solid geometry to other complicated phenomena 
of that interesting region will gradually remove much of 
the mystery which has been supposed to hangover them. 

Geographical relations of Veins. 

Though, properly speaking, there is no real connection 
between mineral veins and the externa] physical con- 
Aguration of the earth, yet, as this conAguration is con¬ 


nected with peculiarities of internal structure, it is gene- Geology, 
rally found, us Werner long ago indicated, that mining 
districts are almost entirely couAncd to the vicinity of 
mountains or elevated land, because in those situations 
the rocks were most dislocated by slips, and divided by 
Assures at the period of their elevation. It is not the 
absolute height of the ground, but the circumstance of 
its having been much exposed to subterranean convul¬ 
sion that determines the prevalence of mineral veins. 

The rich mines of Cornwall are in comparatively low 
situations, but they arc all in the vicinity of erupted and 
elevated rocks. 

There appeurs to be no limit either of height above or 
depth below the sea, which deAnes the productiveness 
of veins, though in some Countries the higher, and iu 
others the lower situations arc most favourable. 

It is sometimes found that the contents of a vein vary 
with the depth, without any particular geological condi¬ 
tions ; as for distance in Cornwall copper is prevalent in 
the mines at greater depths thun tin, and in the slate 
tract of Cumberland veins which bear lead near the 
surface yield copper in the deep. In other cases there 
appears a peculiar determination of the metallic ingre¬ 
dients to particular situations. The mines about Eclon 
yield copper; those of Derbyshire generally lead ; in the 
Penine chain the veins generally yield lead, but toward 
the Eastern and Western limits of (he district copper 
becomes less uncommon. 

The length of a vein of fissure is perhaps hardly in 
any case certainly known ; because when it ceases to be 
worth working, it is for all the ordinary purposes of 
mining said to be dying out, or cut out, or ended. The 
richest veins are productive for limited lengths, but the 
fissures which they fill may lie, and are often extended far 
beyond the spuccs occupied by metallic impregnations. 

Some of them are known to extend, and lo be produc¬ 
tive for many miles in the Harz, in Cornwall, und in 
the North of England. The width of veins is various, 
in different veins, but generally nearly constant in the 
same vein. A width of twenty feet is very uuusual; 
most veins are less than six feet wide. 

There is a peculiar geographical relation of veins Directions 
which is very difficult lo understand, but which is so I,f mineral 
general that it may eventually be of the greatest value VC1IW ’ 
in correcting and perfecting our theories concerning 
them. This is the general direction of the veins. The 
most general direction of the great dykes and faults iu 
the North of England, may perhaps be defined to be nearly 
Eastaml West. Hut this is much more certainly true with 
respect to the mineral veins of the limestone districts of 
Weardatc, Allendale, Alston Moor,and all the mining dis¬ 
tricts ofYorkshire; aud it is equally recognised iu the pri¬ 
mary tracts of Cumberland, Westmoreland, aud Lanca¬ 
shire. This is so general a fact, that the East and West 
veins are called right running veins, while the few which 
range more nearly North and South are called cross 
courses. These latter arc seldom rich in metal; they 
often cut through and shift the right running veins la¬ 
terally, as both of them shill the strata vertically. There 
is often to he observed a sort of compensation in the dis¬ 
locating effects of veins. In Weardale most of the veins 
throw up to the North, white the parallel courses in 
Allendale and Alston Moor throw up to the South. 

The lead veins of Flintshire and Cardiganshire have the 
same East and West direction, and so have those of 
Mexico. 

The lodes anil veins of Cornwall are most generally 



774 


GEOLOGY. 


Geology. 
Ch. III. 


Directions 
of veins of 
different 
uuticjuity. 


Anothe 

gpogrniilii- 

cal relation. 


East anti West veins, or nearly so; und these, according 
to Mr. fame’s (Tram, of Ge.ol. Society of Cornwall ) 
excellent Memoir, the oldest veins in that district, being 
traversed by the oblique veins and by the cross courses 
eUttns and ilukans. But not all the East and West 
lodes are of the same age, the tin being older than the 
copper; neither are all the East and Wpst tin veins of 
one age, for those thnt underlie to the North, are 
generally traversed by them that underlie Southwards. 
These curious generalizations are not to be overthrown 
by particular discordances; their value may one day more 
fully appear, und they are certainly supported by analo¬ 
gous though less varied occurrences in other Countries. 

The general order of their dates may be thus ex¬ 
pressed. 

1. Oldest, East and West, tin veins underlying to 
the North. 

9. East and West, tin veins underlying to the South. 

3. East and West, copper veins generally East 10° 
South. 

■1. Oblique or ronlra copper veins, generally East 30° 
to 4;V South. 

5. Cross courses not metalliferous, North and South. 

(>. Copper lixics of more recent date and lead veins. 

7. Cross flukaus or day dykes nearly North and 
South. 

8. Slides in all directions, but generally East and 
West. 

The porphyritic itiul other dykes called eh an courses, 
are very generally divided by the veins, and seem to be 
of greater antiquity. 

Werner has observed this geographical relation of 
mineral veins, and states the two following cases. In 
the mining district of Freyberg are two classes of veins 
very dilferent from one another. One of these classes 
consists ot veins which run from North to South ; the 
veins of this contain lead glance, black blende, iron, 
copper, and arsenic pj rites, quartz, and brown spar. 
This is the oldest vein formation. The second class of 
veins which always traverse the former, and are never 
crossed by them, contains lead glance, radiated pyrites, 
heavy spar, fhior spar, and quartz ; tiiey stretch between 
the sixth and ninth hours of the mining compass (East 
to South-East.) 

The mining district of Ehrenfriedesdorf, contains 
veins of tin and silver glance. The tin veins are 
always traversed by the silver, the direction of the first, 
is between the sixtli and ninth hour, (East and South- 
East.) that of the last from the ninth to the third hour. 
(South-East, South, South-West.) 

There is observed in some mining districts another 
remarkable relation of metalliferous veins to geographi¬ 
cal lines. Though in the Nortli of England the most 
frequent direction of the veins be East and West, the 
mining districts seem rather to be ranged in lines from 
North to South. The nature of this relation will be 
more easily understood if wc add that both in Cornwall 
and in Cardiganshire, where the veins are also most fre¬ 
quently East and West, Mr. ,T. Taylor lias observed 
lines of greater productiveness ranging nearly North 
and South, across the bearing of the veins. These 
curious notices suggest the inquiry whether the lines of 
productiveness ure dependent on any principal axis of 
dislocation or on the occurrence of cross courses. The 
former case seems to be vaguely indicated by the phe¬ 
nomena in tiie North of England ; perhaps the latter 
muv be more applicable to Cornwall. 


Connection of Fissures rind main Joints. 

The remarks on the joints of rocks in p. 548, 544, ' 
may be referred to as sufficient to show the importance 
of studying their direction in connection with that of the 
fissures of mineral veins. It is certain that in the 
limestone dales of the North of England, mineral veins 
are sometimes directed along the master joints of the 
rocks, also that in the slate tracts, veins and disloca¬ 
tions range along the cleavage planes of the slates. 
(Craven.) Dr. House has noticed the same thing in 
the slate tract in Cornwall, and such observations will 
doubtless be multiplied. Mechanical considerations 
might have led us to anticipate this result; for the main 
joints and cleavage planes would often be the lines of 
least resistance and yield more easily than other parts to 
any eruptive or depressing force applied to the planes 
of stratification. The direction of the muster joints is 
certainly definite over large tracts of country, and if 
we should find eventually that mineral veins have com¬ 
monly taken the same course, their regularity will no 
longer be an argument against, but ail additional evi¬ 
dence for tiie vertical movement of the masses. 

Relation of Mineral Veins to the Rocks which 
them enclose. 

The relation of mineral veins to the rocks which en¬ 
close them offers a wide field of inquiry, which has been 
much studied, and yet is very little understood. It is 
difficult to distinguish clearly between the accidental and 
the necessary association of the phenomena of veins and 
rock masses; it is perhaps hardly possible at present to 
form a satisfactory opinion as to the amount of effects 
produced by causes acting from distant centres of force. 
We arc in ignorance as to tiie subterranean operations of 
electrical and calorific agents still constantly going on; 
und to these theoretical difficulties must lie added the 
unconquerable impediments to accurate and varied ob¬ 
servation of tbe facts on which inferences are to be 
founded. Minute analogies of the relation of veins to 
the adjacent rocks would therefore at present be very 
unsatisfactory and hypothetical, and we must be content 
with the rgsulls which may be gathered from wide and 
general comparisons of phenomena on the grand scale. 
Wc shall confine the inquiry to metalliferous veins. 

♦ 

1. Relation to the different kinds of Rocks. 

Considered as to their chemical nature, rocks may he 
classed as calcareous, argillaceous, silicious,and mixed; 
as to their mineralogical characters, as uniform, or varied, 
granular, compact, or crystallized ; as to th^ir origin, 
aqueous, igneous, or pyrohydrogenous. Metalliferous 
veins occur more or less frequently in every one of these 
classes of rocks. In limestone, in argillaceous slate aud 
shale, in quartz and sandstone rocks, and in rocks of 
mingled ingredients; in uniform slates, und fragmentary 
millstone grit, in granular sandstone, compact limestone, 
and cryslullized limestone and granite; in sedimentary 
grits and shales, in pyrogenous porphyries, basalts, and 
metamorphic conglomerates. The existence of mineral 
veins in a rock is therefore wholly independent of the 
particular chemical and mineralogical nature und proxi¬ 
mate origin of that rock ; nor, when due allowance is 
made for the relative prevalence of the different kinds 
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of rocks, docs there appear any reason to admit that any 
preference or more frequent occurrence of metalliferous 
veins in rocks of particular kinds can be traced, except in 
particular districts. 

There yet remains the inquiry whether certain- 
metals are specially associated with or related to parti¬ 
cular sorts of rocks. In order to answer this question 
satisfactorily, we must not content ourselves with in¬ 
stances such as tin veins and mercury veins, which occur 
in so few localities as to be rather dependent on their 
geographical position than on their geological reposito¬ 
ries, but must cite veins of lead and copper, and dissemi¬ 
nated ores of iron and manganese. Hardly any sub¬ 
stance is more abundant in the mineral kingdom than 
iron pyrites: it occurs both in veins and disseminated 
crystals or concretions; and, in one or other of these 
states, it is associated with almost every known rock. It 
occurs disseminated in limestone of various kinds, as 
primary limestone, carboniferous limestone, and chalk ; 
in clay slates, shales, and clays; in greenstone, amygda¬ 
loid, and basalt. Veins containing iron pyrites traverse 
rocks of as great diversity. Copper pyrites is not dis¬ 
seminated through so many rocks as iron pyrites, but it 
occurs in veins which traverse limestone, saudstone, and 
shale, clay slate, mica schist, granite, &c. Ores of 
manganese are also very generally diffused through rocks 
of very different kinds. The converse is true. In one 
and tiie same kind of rock occur veins of copper, lead, 
silver, and tin. 

There are some metalliferous veins which traverse dif¬ 
ferent sorts of rocks, and give us an opportunity of ascer¬ 
taining whether any differences in the contents of the 
veins correspond with the variations of the rocks. The tin 
veins of Cornwall sometimes pass through clay slate and 
granite ; they produce ores in both. “ A vein that has 
been productive of copper ore in the clay slate, passiifgiuto 
the granite, becomes richer, or, what is more remarkable, 
furnishes ores of the same metal differently mineralized. 
If we pursue it further into the granite, the produce of metal 
is frequently found to diminish. A change of ground is 
looked upon by miners us affording reason to expect an 
alteration for better or worse.” Taylor, Report, on Veins. 

Remarkable, instances of this relation are given by Von 
Dcchen (De la Beche, German Trans. 594.) The nume¬ 
rous veins which cross the steeply inclined strata of grey- 
wackc in the Liegen district, arc metalliferous in nurrow 
bands parallel to the inclined beds of greywacke. The 
veins o£ the Rnpferberg, in Silesia, bear ore only in the 
hornblende schist, and arc impoverished in mica schist. 
At Jonchimsthal the mica schist is traversed by quartz- 
nse porphyry in veins, which, as well us the contiguous 
rock, hold pyrites. The rothegang of Elias consists in 
mica slate of Joam, and holds only uranite ; where it runs 
between mica schist, and a porphyry vein, and where 
it traverses the latter, its substance is a red horustone, 
and it bears vitreous silver, native silver, arsenical-ko- 
balt, bismuth glance, knpfernickcl, arsenic, and bis¬ 
muth ; but red silver, elsewhere abundant, is entirely 
wanting. 

In the lead veins of the North of England, which are 
situated in the carboniferous limestone tract, a singular 
dependence is observed between the contents of the vein 
and the nature of the adjacent rock. The vein divides 
limestones, sandstones, and shales, and these are brought 
variously into opposition by the dislocations which ac¬ 
company almost all the veins. The vein is sometimes 
productive of lead ore under every case of opposition on 
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rocks. Whore limestone, or schist, or solid sandstone riuologv. 
forms the walls, its productiveness is at the maximum, .* l) ' _ 

but generally it is contracted in breadth und impuve- ^^ ~ 
risked in its metallic contents, wherever it is included be¬ 
tween walls ot shale, and even where only one side is 
occupied by shale, the same effect is frequently observed. 

It would appear that the impoverishing influence of the 
shale is referrible to mechanical causes. In the same 
way as the shales in a coal-pit swell out from the undis¬ 
turbed purts to fill the artificial vacuities, so we may 
conceive them to have done into the natural fissure ; this 
will account for the contraction of the vein. In the pro¬ 
cess of crystallization, to which all the contents of a vein 
are subject, ii seems conformable to analogy to suppose, 
that the permanent walls of limestone and gritstone would 
permit a more early growth of sparry and metallic civs- 
tais, than the crumbling edges of shale ; a supposition, 
perhaps, confirmed by the occasional mixture of shale in 
the sparry mass of « vein, where it is “nipped,”as the 
miners say, in beds of shale. There may he something 
in this due to electrical affinities, and we may perhaps 
apply the same supposition to the cases in Cornwall and 
Germany, quoted above, where the deposition of the ores 
is influenced by change of ground. 

From some or all of these causes it happens in the Quantity of 
North of England that certain limestones are very much 11,111 "'V 
more productive than the others; in different mining j. l 1 It"( 1| ! l J )t 
districts, different limestones are thus favourably dis- ii„„. s t„iu>. 
tinguished, but in the country of Alston Moor, Teesdale, 
and Svvaldule, the uppermost thick limestone is hy far 
the most rich in lead. To prove this, and at the same 
time to record a valuable fact, we may copy from Mr. 

J. Taylor's Report on Mineral Veins (Reports of the 
British Association, vol. ii.) the following statement of 
the quantities of lead ore actually extracted from the 
several sites of bearing beds in Alston Moor in the year 
1822, according to the account of Mr. Dickenson; vve 
have added the thickness of t lie several beds. 


Limestone beds:— 

Thit'knvm 
in yiirtli. 


Great limestone. 

,..21 20 

. 827 

Little limestone. 

.. 2 

287 

Four fathom limestone.. 

.. s 

01 

Scar limestone. 

. . 10 

00 

Fine bottom limestone . 

.. s 

303 

Gritstone beds:— 



High slate sill. 

. . 8 

J07 

Low slate sill . 

.. 7 

289 

Firestone . 

. .11 

202 

l’altinson’s sill. 

.. 4 

259 

High coal sill . 

.. 4 

327 

Low coal sill. 

.. 3 

154 

Tuff . 

.. 3 

300 

Quarry hazel. 

..10 

44 

Natlruss gill hazel . 

.. 6 

21 

Six fathom hazel.. 

..12 

570 

Slaty hazel.. 

... 4 

18 

Hazel under scar limestone 4 

2 


287 j cvvt. each. 


•21. CSS 


Whole produce of the mines I 
of the manor, 1822. J 


2.305 

21.1 >53 kings. 


Upon the whole there is no sufficient evidence to show 
that ihc local production of metallic substances is in any 
special in aimer dependent upon the chemical or ininera- 
logieul composition, or the circumstances of the forma 
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of the substances in the vein to have been decidedly influ¬ 
enced by some peculiar conditions of the including rocks. 


England cannot be resolved into any circumstances of 
the geographical position of these strata; for both around 
the metalliferous slates of Cumberland and limestones 


Wall* of a Vein. 

Alteration The walls or cheeks which form the-more or less dc- 
of sub- finite boundaries of the vein present several facts worthy 
* ance ' of notice. In some instances they are highly indurated, 
as if iii contnct with trap rocks, (North of England,) 
very often fissured, so as to break parallel to the vein, 
in others it seems as if certain sorts of rock (as clay 
slate, both in Cornwall and Germany) were greatly 
softened, and even converted to clay, along one or both 
sides of a vein. Werner mentions the decomposition 
of felspathic and hornblcndic rocks for a fathom from 
the vein. We have also witnessed the fact of limestone, 
usually a blue or grey crinoidul rock, burnt, as the 
miners term it, that, is converted to a brown granular 
crystalline rock. (Teesdalc.) Another remarkable ef- 
Slickcuside. feet in the walls is the production of slickcnside, so long 
known in the mines of Derbyshire, which are situated 
in limestone, and filled with fluoric and barytic shales 
and yield lead; in those of Cornwall, which are in killas, 
and with a matrix of quartz, and yield copper ; in the 
magnesian limestone of Yorkshire, where copper or 
lead lines the limestone cheeks; and in the faults of the 
coal system of Yorkshire, where neither spar nor metal¬ 
lic matters occur. These and many other occurrences 
of mbbed surfaces along planes of fissures speak a plain 
language, and prove to the fullest conviction, the me¬ 
chanical movement of the sides of the fissure upon one 
another, or upon the contained substances. The 
groovings of the surfaces, thus produced by rubbing, in¬ 
dicate, of course, the line of the movement; the circum¬ 
stance that the polished faces are partially covered by 
lead ore, copper ore, Ac., as the nature of the vein is, 
proves, moreover, that the movement was, in such rases, 
posterior to the introduction of the whole or a part of 
the mineral impregnation, so that the same fissure has 
been, in such cases, the plane of more than one convul¬ 
sive movement. We may, perhaps, eventually draw 
from examinations of this phenomenon, in connection 
with and apart from mineral veins, some decisive re¬ 
sults as to the time and other circumstances connected 
with the movements of the masses. How can the Geo¬ 
logists of Cornwull doubt the reality of those angular 
movements, which have left such clear evideucc as the 
fine sliekensides of some of their veins of fissures? 
We think with Von Dechen (German Tran.il. of De la 
Beebe’s Manual) that any other than tlic received ex¬ 
planation adopted above is impossible. 

2. Rdation to the different Ages of Rocks. 

This rek- There can he no doubt of the fact that the local ac¬ 
tion evi- currenee of metallic veins is in a very great degree 
dent. dependent on the relative antiquity of the. rocks in the 
district. It is in the primary, transition, and carboniferous 
strata, and in the igneous rocks associated with them, 
that all the veins in Great Britain arc worked. In a 
few instances veins of small value, producing lead and 
copper, pass through the magnesian limestone, but ’ not 
a single example is known of a true metallic vein in the 
oolitic, cretaceous, or tertiary strata, The connection of 
metallic veins with the older rocks is not on accidents* 


of Derbyshire, the new red sandstone formation is ex¬ 
tensively spread in contact, and yet not one lead or 
copper vein occurs in it. Any one who should confine 
his attention to the British Isles might infer that the 
causes of the production of mineral veins had.been 
almost wholly inactive ever since the carboniferous epoch; 
and as a general expression, this may apply to the Con¬ 
tinent of Europe, though both in the Pyrenees, and 
around (lie central granitic tract of France, metalliferous 
veins, apparently originating in these rocks, traverse 
strata of the oolitic ami cretaceous systems. 

It must here be remarked, that both in Great Britain The same 
and throughout Europe rock veins and basaltic dykes relation oh- 
are in the same manner abundant in the primary and d*kes 
rare in the secondary and tertiary strata. This is one IOC 5 
of many general analogies tending to substantiate the 
opinion previously advanced upon more specific points 
of agreement, that rock veins and dykes, and metalli¬ 
ferous veins, form two parallel series of igneous products 
developed during the same geological periods, by the 
same general causes, acting under dilfcrent circum¬ 
stances upon different materials. From all our previous 
investigations, we have been led to the conclusion, that 
in the earlier geological periods, the chemical effects of 
heat and mechanical effects of heat were more con¬ 
spicuously exerted ; and if to this we join the considera¬ 
tion that all the disruptions by which igneous rocks 
were put in contact with secondary and tertiary strata, 
must have been experienced by the older strata, from 
beneath which the expansive force originated, we shall 
be able to perceive why the priifiary arc so universally 
and the secondary and tertiary strata so partially enriched 
with mineral treasures and diversified by rock dykes. 

As an example of veins of more reeent date, we may Very mo- 
quotc Vou Deeheu’s notice of the veins of Joachimsthal. llc,n veins. 
In this case the dykes of basalt and wacke which divide 
the mica slate are themselves cut through by the mineral 
veins. These dykes are variously connected with great 
overlying masses of basalt which break into Uie brown 
coal formation. It is therefore evident that the silver, 
arsenic, and kobalt ores have been thrown into the veins 
at a later epoch than that of the brown coal tertiary de¬ 
posit at the fool of the Bohemian Erzgebirge. 

Werner appears to have been strongly impressed with 
the belief, conformable to bis general theory, that vein 
formations might be classed us to'their ages by mere 
examination of their component substances. When veins, 
even in distant Countries, contain the same ores ana 
vein stones, and when these are arranged in (he same deter¬ 
minate order, he concludes that they belong to one and 
the same general formation. Illogical and hazardous 
generalizations are frequent amoug practical men, and 
are too often introduced among the vuluable facts re¬ 
corded as a basis for Werner’s Theory of Veins. A 
prudent reasouer would scarcely venture to trust an 
inference for time upon data which indicate only definite 
chemical action, even in a limited district, and it must be 
with some distrust that we can udmit Werner’s eight 
principal vein formations in the mining field of Freyberg; 
because he does not state expressly that his inferences 
concerning their relative antiquity were based on obser¬ 
vations ot their intersections. 
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The following abstract of the account of these eight 
systems of veins will show the kind of description which 
should always be given of mineral veins. 

The first and oldest produces abundance of argenti¬ 
ferous lead glance. It consists of coarse granular lead 
glance with from oue and a half to two and a half 
ounces of silver per quintal; common arsenical pyrites; 
black blende in large grains; common iron and hepatic 
pyrites ; sometimes a little copper pyrites, and a little 
sparry ironstone. The veinstones are chiefly quarts; 
sometimes a little j^rown spar; rarely a little calc spar. 
These substances occur most generally in veins ranging 
from North to South. 

The second yields lead very rich in silver. It con¬ 
tains lead glance large and small granular; black 
blende in small grains; iron and hepatic pyrites, and a 
little arsenical pyrites. In addition, dark red silver ore, 
brittle silver ore, white silver glance, plumose antimony 
ore. The veinstones chiefly quartz, with much brown 
spar and often calc spar. The veins range South and 
South-West. 

The third yields lead glance with one ounce or silver 
per quintal, much iron pyrites, a little black blende, and 
red iron ochre. Veinstones quartz, sometimes witli 
chlorite mixed and surrounded witli clay. Veins range 
North and South. 

The fourth yields lead glance with one-fourth to three- 
fourths of an ounce of silver per quintal, radiated pyrites, 
and sometimes brown blende. Veinstones heavy spar, 
fluor spar, a little quartz, and rarely calc spar. Veins 
range Hast and West. (To this system Werner boldly 
relent the veins of Derbyshire, the Harz, and also those 
ofGisloffin Scania!) 

The filth consist of native silver, silver glance, and 
glance cohalt, sometimes with grey copper ore, lead 
glance rich in silver, fine grained brown blende, and 
sparry ironstone. Veinstones, heavy spar in a state of 
disintegration, and fluor spar. It always occurs in the 
intersections of the first and Jourth systems. (North and 
South, and East and West.) It somrtiines is found 
even in the middle of the Westerly veins. 

The sixth contains native arsenic and light red silver 
ore; with a little orpiment, copper nickel, glance cobalt, 
native silver, lead glance, iron pyrites, and sparry iron¬ 
stone. The veinstones are hea\y spar, green fluor spar, 
calc spar, and a little brown spar. Occurs iH the inter¬ 
sections of the fourth and fifth systems, or in the middle 
of veins. 

The seventh is of red ironstone, with a little iron 
glance, quartz, and heavy spar. Occurs in the upper 
parts of veins. 

The eighth and newest is of copper py rites, mountain 
green, malachite, and red and brown iron ochre, with a 
little quartz and fluor spa f. 

3. Relation to the Local Centres of Igneous Action. 

Our investigations lead directly to the inquiry, how 
far tlie geographical occurrence of metalliferous veins 
is connected, ns that of rock dykes is known to be, with 
the eruption of igneous rocks and the movements of 
fluid masses within the Globe? 

Satisfactory evidence on this subject can be obtained 
in two ways: 1. By comparing metalliferous and non- 
inctallilerous districts of old strata in their geographical 
relation to igneous rocks and convulsions. 2. By com¬ 
paring the relation to igneous agency of the locally me¬ 
talliferous newer strata. 

VOL. VI. 


The older rocks are not by any means universally Wealogy. 
stored with metalliferous veins any moie than witli rock . 
dykes. Very large, tracts in the slnte rocks of Devonshire . ,, 

ure nearly devoid of metals, but near the granitic masses rocks/' 
of Cornwall they are abundantly supplied witli veins. In 
the vast districts of Wuies the slate rocks yield copper 
and lead chiefly along the Western borders of the Prin¬ 
cipality, where the local centres and axes of elevation ate 
situated. Amid the Cumbrian Lakes, lead and copper 
veins adjoin the granitic, hypersthenic, and syenilie 
axis of Carrock, Skiddaw, High Pike, &e. They occur 
near the porphyries and traps of Helvellyu and Old 
Man, but the greater-portion of the slates, far removed 
from the tbei of disturbance, are devoid of mineral 
treasures. 

In Scotland, metallic veins adjoin the granitic nucleus 
of Stronlian. 

The mining tracts of the Harz, the Erzgebirge, Hun¬ 
gary, Brittany, and other localities arc convulsed by dis¬ 
ruption ami diversified by the intrusion of granitic and 
porphyritic rocks; the Ardennes mountains, which yield 
few veins, develope hardly any igneous rocks. 

The carboniferous limestone tracts of Metnlip, Der¬ 
byshire, and Flintshire, of Wharfdale, Swaledale, and 
Aldstune Moor, have been shaken to pieces by many 
convulsions, and they are very rich in lead, zine, and 
calamine; but the greater part of the Yorkshire and 
Northumberland limestones, affected by only otio or a 
few general elevations, are poor in metal. 

The newer rocks are metallitcrous'oiily in the vicinity newer 
of the foci of their disturbance, as round the central gu- rocks, 
nit* of France, near the igneous masses of the Pyre¬ 
nees and the Alps; in all which places, the metallic ores 
are so related to the igneous rocks that they occur only 
in a narrow zone at the junction of the igneous and the 
altered stratified rocks. (Observations of Dufrcnoy, 

Von Buclt, See.) 

As both these methods of comparison lead to one re- Clnm-hi- 
sult we limy venture to adopt it; mid the more readily mi 
because, in preceding sections, we have found the geo- thissubjoet. 
graphical situation of mines to lie related to the eleva¬ 
tion of the ground, and the metalliferous strata often 
identical with those in which rock veins abound. Never¬ 
theless we must not shut our eyes to sonic decided differ¬ 
ences between the situations of dykes and veins. For 
instance, the Island of Arrau is traversed by hundreds of 
dykes of basalt, porphyry, mill pitchstoue, but metallic 
veins are almost unknown there; Aldstune Moor is dis¬ 
sected like a map by veins of lead ore, but very few whin 
dykes occur there; on the coot t ary, in Northumberland 
mid Durham whin dykes abound in the coal tracts where 
lead is hardly known. It is, besides, too rcmurknhlc u 
thing to tie overlooked, that South of the Yorkshire 
Swale hardly a whin dyke or porphyry dyke is known 
through tlie metalliferous tracts of Derbyshire, Somer¬ 
setshire, and Flintshire. This contrast is the more 
remarkable in the country about the sources of the 
Tyne and Tees, because there basalt has been erupted in 
vast quantity, and at its Eastern termination appears 
related to several dykes of great extent. This muss of 
basalt is traversed by the veins in the same manner ns 
the limestone is, and wc may, perhaps, hazard the spe¬ 
culation that under this tract of country lay at one time 
melted basalt, and at a subsequent time the metallic and 
mineral combinations which fill the veins. Will it be 
thought too great a stretch of fancy to attribute this 
change of the igneous materials erupted in the same 
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Geology, tract of country to movements in the internal nucleus 
(ti. IV.. 0 y tj, u Globe not isochronous with the rotatory velocity 
of the solid superficial crust? 

Electririty of fains. 

The direction of electrical currents at small depths 
below the surface of the Earth, is a subject on which 
theory is at present silent, and which has only recently 
Mr. Vox's been proposed for observation. The observations of 
Mr. Fox in the mines of Cornwall and Devon and 
■mints. North Wales, arc still the most important of the hind. 

Mr. Henwood is engaged in further inquiries. As far 
as appears at present, the interest nttacned to the solu¬ 
tion of this question belongs more particularly to Elec¬ 
trical Science, and, perhaps, both chemical and thermal 
disturbances of equilibrium mny be concerned in the 
effect. TJie.sc currents may be due to local causes. 
Mr. Taylor very properly observes, (Reports of the Bri¬ 
tish Association , vol. ii. p. 18.) that by the very act by 
which we {fain access to n vein we lay it open to atmo¬ 
spheric action, and consequently to decomposition. 


Chemical agency commences, and with it, very naturally, 
galvanic influences are excited. Veins containing ores 
little subject to decomposition have, he apprehends, been 
found to give little or no indication of this nature. 

Mr. Fox appears to think that the direction and in¬ 
tensity of the currents which pass along the veins may 
be so related to the position and quantity of metallic 
matter, as to give reason to hope for some direct useful 
application of the results to the Art of Mining. But the 
novelty of Mr. Fox’s experiments, and the connection of 
the curreuls with mineral veins, led«gomc Geologists to 
adopt the very hasty conclusion, that the production of 
the veins was mainly owing to such curreuts. It is 
very probable that electrical currents have really been 
concerned in the distribution of metallic ores both in 
veins and rocks, for when is this agency absent from 
any great chemical phenomena? But to conclude, 
without any intermediate steps, because mineral veins 
are channels for electricity, that they have been pro¬ 
duced by electricity, is the same thing as to ascribe 
to electrical currents the construction of the galvanic 
battery. 


CHAPTER IV. 

GENERAL INVESTIGATIONS AND INFERENCES. 


Section 1. 

On the Consolidation and Alteration of Stratified Rocks. 

In n preceding section we have seen the effects pro¬ 
duced by the Plutonic rocks upon the strata which they 
penetrate ; effects which suggest to our minds so vivid 
an impression of the action of heat, that even in the ab¬ 
sence of all other arguments from facts, tve could not 
refuse to allow that those rocks had been local centres 
of heat. The independent evidence arising from the 
composition of the rocks satisfactorily confirms this 
inference, and permits us to apply U in circumstances 
when the actual proximity of igneous rocks cannot be 
ascertained. These effects seem to be reducible to 
several cases, depending on the degree of heat commu¬ 
nicated, and the substances operated on. 

Effects uf 1. The consolidation of strati Red rocks is exemplified 
t’liitimic uu in the induration and contraction of shale, and in the 
Mratuioil developcment of new faces or joints in it. which sometimes 
rw "* meet one another rhumboidully, and sometimes follow 
the columnar relations of the adjoining basalt. 

2. TIip partial fusion of some part of the substance 
of a rock, so as to conglutiiiate its grains, and solidify 
and harden the whole mass. Thus sandstone is con¬ 
verted to a granular quartz rock. 

3. The complete fusion or vitrification of the rock; 
thus converting shale into Lydian stone and sandstone 
into a kind of jasper. 

4. The complete fusion and consequent rearrange¬ 
ment of the particles into granular or crystalline forms, 
ns in the instance of common chalk in Ireland, common 
limestone in Yorkshire, the Isle of Sky. and Carrara. 

5. The generation of minerals not before existing in 
a distinct slate in the substances affected. The production 
of pyrites, asbestus, anthracite, plumbago, garnet, &c. 


along the contact of igneous and aqueous rocks, is a 
very characteristic and general effect which appears to 
result from the actual transfer of the metallic and 
other matter through the solid substance of the lock, in 
virtue of electric attractions which may be considered as 
imparted by the heat. 

Jf Von Bach's notion of the impregnation of rocks 
with magnesia in the vicinity of augitie trap rocks should 
eventually he substantiated, it must be considered as a 
remarkable example of this electric transfer. 

6. The sublimation of some portion of the neigh¬ 
bouring substances. Thus the charring of coal, the 
dcsulphuration and the debitumenization of shale, arc 
very directly connected with the heating power of the 
igneous rock, but it is probable that some peculiar con¬ 
ditions were required for such effects in the submarine 
depths, where most of these operations were performed. 

The almost universal coincidence of convulsive dislo¬ 
cation of the strata with eruptions of plutonic rocks, 
seems enough to prove their common dependence upon 
one pervading cause of internal movement. In the same Relation of 
manner as the modern earthquake precedes the eiuptiou igneous 
of lava, so the ancient convulsloh preceded the injection roc k>* to 
of plutonic rocks. Also precisely as in the present day C0HV " “ lon '■ 
the earthquake shakes Countries far removed from vol¬ 
canic centres, so in more ancient periods many tracts 
were convulsed but not filled, at least near the surface, 
with melted rocks. As far as at first appears, the com¬ 
mon dependence of the two orders of effects upon one 
cause, is merely to the amount that the mechanical 
transference of melted rocks has been effected by the 
same internal pressure which dislocated the strata; 
whatever occasioned the pressure, and whatever was the 
cause of the fluidity of the rocks. 

Various mechanical modes may be conceived, by which 



GEOLOGY 


779 


Gttology. 

Ch.IV. 


General 
luisiss of ar¬ 
gument. 


Rut tool'the 
consolida¬ 
tion of 
strata. 


such pressure may have been occasioned, and various 
conditions assumed for the production of melted rocks, 
and these may be wholly distinct from one another; but 
the exhibition of these rocks along the lines of convul¬ 
sion can only be ascribed to the same mechanical cause 
which produced the convulsion. 

The chemical theory of volcanos, advocated in the 
preceding pages, assigns n single cause for the chemical 
phenomena, and for the disturbance of the external crust 
of the Earth ; and the same simplicity is sought for in 
one modification of the theory of uu internal heated nu¬ 
cleus ; but it may possibly be more correct to assign 
separate causes for the production of these effects. 
Judging merely from their relative frequency and geo¬ 
graphical extent, we might be led to assign much more 
extensive agencies to the production of convulsions than 
to the elevation of igneous rocks. The whole area of 
the dry land has been subject not only to general eleva¬ 
tion but to partial convulsions, several times repeated 
under the same spots; but igneous rocks are less 
universally, though certainly very extensively diffused. 
This distinction, however, loses much of its force when 
we consider, first, that platonic rocks become constantly 
more and more abuudant in comparison to the number 
of convulsions as we descend towards the base of all 
the strata; secondly, that though the effects of convul¬ 
sion might pass through all the strata to the surface, and 
thus relieve the inequality of pressure, the melted matter 
from below could seldom penetrate (lie narrow and con¬ 
fused and cold passages left tuiiong the fractured stratu, 
to any great elevation; thirdly, that rocks of igneous 
origin do really underlie the whole series of strata. 

Upon the whole we may safely admit, that igneous 
rocks have been in a state of fusion beneath the strata, 
either simultaneously or successively, in all or nearly all 
parts of the Ulohc, and that the elevation of those has 
been always accompanied by convulsions. Instructed 
by the discovery of the effects of these rocks upon ad¬ 
joining substances, we may now proceed to inquire into 
certain phenomena, of much more extensive occurrence, 
but of nearly a similar character, and which appear due 
(o the pervading action of heat upon stratified rocks since 
their deposition. 

On reviewing the scries of strata in relation to the 
degree of their consolidation, it is impossible not to per¬ 
ceive that this increases continually with tli? age of the 
rock; so that, taken us a group, the primary systems of 
gneiss and clay slate, with all their modifications, are far 
more consolidated than the other strata, while the ter¬ 
tiary strata are the least indurated of all. The same 
result is obtained by more minute comparisons of analo¬ 
gous rucks, the slates, shales, and limestones of the 
primary series, with the shales, and clays, and limestones, 
and marls of the secondary and tertiary strata. A plau¬ 
sible cause for this seems to offer itself in the greater 
pressure to which, it may be imagined, the lower strata have 
been subjected ; but this is not sufficient to account for 
the whole effect of consolidation, and is directly negatived 
by the numerous joiutsanrl fissures, which indicate lateral 
rather than vertical contraction of the strata. The lowest 
strata arc, besides, not merely in a high state of conso¬ 
lidation ; some of them, as primary limestone, display 
in a most decided manner that crystalline structure 
which results from heal; others, as clay slate, are fissured 
in such a way as is known to have been locally occa¬ 
sioned by the heat communicated from igneous rocks; 
others, as quartz nick, show clear proof of having under¬ 


gone, if not actual fusion, at least such an agglutination of Geology, 
the grains as can be produced by art in a furnace. The , t!h ‘ 1V ‘ 
conclusion from all this is of great importance ; for as ' ' 
these rocks are of almost universal occurrence below all 
the other strata, and their characters are not referable 
to tfie local proximity o| igneous rocks, we are assured, 
taking into account the subjacent granitic rocks, of the 
almost universally pervading influence of subterranean 
heat. 

It is impossible at present to point out exuctly the Ait,ration 
amount of changes which have been produced on the of pimuiy 
primary strata by the general and continued eoininutii- 
cation of heat from below; because, with respect to sonic 
of them, it is difficult to feel very confident of the pre¬ 
cise state in which they were deposited by water. With 
respect to gneiss, for exumplc, which is in some cases 
almost identical witii granite, in other cases opproxi 
mates to sandstone, it is hard to say how much of its 
granitoid character is due to subsequent inctiimorphism; 
because we have no certain iiieuus of knowing the de¬ 
gree of movement to which its ingredients laid been 
exposed in wuler. Yet when we. consider the bedded 
and laminated character of this rock, and observe that 
its constituted minerals uic mostly m a liugnieulury 
state, and even when united into a dense rock, are not 
crystallized with regular external forms, we seem to un¬ 
derstand that the rock has been solidified by a species 
of imperfect fusion at the edges of the coaslilueut sub¬ 
stances, which, carried to extreme, would have recon¬ 
verted the whole to granite. 

Similar remarks apply to mica schist, which, on the 
one baud, varies to gneiss, and on the other to clay shite; 
and it is observable that the fusible mineral garnet, 
which is known to have been generated ut moderate 
heats in contact with trap, is very generally intermixed 
with the lumiiue of gneiss and mica slate, (p. bt>2.) 

Among clay slates of every degree ol lineness otoi.Uy 
grain, the action of heat is chiefly evinced by the extreme 
condensation of the argillaceous substance; by the regu¬ 
larity of the. system of fissures ; by the inletspersion of 
crystallized pyrites, hornblende, &c.; by the frequency 
of segregated quartz veins. Perhaps these latter occur¬ 
rences may be due to local causes; but the systematic 
fissures and cleavage of slate is u general fact, which is 
most striking in the deeper parts of the deposit, and 
gradually vanishes upward. Su long ns the basis of the 
rock is very fine grained, the cleavage structure will 
pervade it, and even cross lumiiue of very course matter; 
but when the basis is altogether course, as in grey- 
wacke slate, the cleavage vanishes, and is only indi¬ 
cated by numerous fissures, dividing the rock into 
rliontboidul masses. In a given tract of country the 
planes of cleavage have one prevalent direction, and the 
system of fissures appears also definable in direction. 

The gcnerul horizontal direction of the cleavage planes 
in a part of the Cumbrian mountains is West North-West, 
which is exactly that of the great Cruvcn (hull. ( C>ot. 

Trans. New Scries, vol. iii.) 

It is usual and probably correct to consider the syste¬ 
matic fissures ami cleavage of slate as a kind of crystal¬ 
line structure on the largest scale; the angles of inter¬ 
section seem, however, to he assignable only for very 
small distances, ami they vary ill dill'ercnt strata of slate. 
Something like polarity must perhaps be supposed to 
account (dr the constancy of the direction of cleavage. 

It does not appear that the heat imparled to the pii- 
mary strata has been always sullicient to destroy the 
5 i l 
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organization of shells or even plants, for shells occur in 
the slates of Tintugel and in Snowdon, and lie between 
gneiss beds in the Ficlitelgebirgc and Erzgebirge, and 
are noticed by Von Buch in the dolomite near Lugano. 
A long continued und pervading rather than a very high 
heat seems best to account for the phenomena. In the 
neighbourhood of igneous rocks, indeed, the local 
changes arc of rather a different description. 

If we rise to the contemplation of the carboniferous 
system we shall be able to trace in the generally high 
state of induration of the sandstones, shales, and lime¬ 
stones, and in the frequency, systematic direction, and 
continuity of the joints, clear evidence of the action of 
heat. But yet we perceive that these effects of heat are 
not nearly to the same degree as those in the primary 
strata. A simple proof of this is afforded by the lime¬ 
stone of Tcesdale which is a hard rock, but which, where 
it touches the basalt of that country, has been subjected 
to nearly the same change as that observed in primary 
limestone: it fins become crystalline. The shales are 
also altered. The upper portions of the slate system in 
Shropshire and naduorshire, where that system is im¬ 
mensely thick, show the same changes. 

The effects of general heat continually decrease 
among the superior strata of the saliferous, oolitic, and 
cretaceous systems, and seem almost wholly lost in the 
tertiary strata. It is chiefly to this graduated effect of 
heat that we may ascribe the distinctness of the rocks in 
different parts of the series. Tims to take the cnlcareous 
rocks, we have a gradually changing series proportioned 
to their antiquity, from crystalline primary limestone, 
through highly condensed carboniferous limestone, to 
compact lias, concretionary oolite, nntrly chalk, and 
lacustrine marls ; among sedimentary deposits there is a 
series from gneiss through the hard sandstones associated 
with the curboniferouslimcstonc to the sands of the oolites, 
chalk, and tcrtiarics; and another from cleavahle slate, 
through jointed greywncke slate, hard coal shale, com¬ 
pact ml inarl, and clay of the oolite, chalk, and ter- 
tiaries. There is properly no sand, clay, or marl among 
the older strata; indurated shale, hard gritstone, and 
solid limestone are of rare occurrence among the 


younger. 

It does not appear that the occurrence of ironstone, 
pyrites, gypsuin, &c. in detached masses among the stra¬ 
tified rocks is to he considered as in any director exclu¬ 
sive manlier due to the influence of heat, hut rather to 
the ordinary forces of molecular electric attraction ope¬ 
rating during or .after the deposition of the mingled 
mass of matter. The spar veins in‘ septaria have un¬ 
doubtedly been filled "since the concretion of the clay 
balls, and for the transfer of the calcareous or silicious 


is one leading fact often connected with the stratifica¬ 
tion of gueiss, mica schist, &c. and not seldom repeated 
in chlorite schist and clay slate, which seems wholly un¬ 
explained by the direct action of heat upon these Btrata. 
The contortions of the lamina; of these rocks arc very 
remarkable, and seem evidently coeval with their fiut 
formation, though in some instances Dr. Macculloch 
thinks they arc most numerous where quartz veins pe¬ 
netrate the rock. These contortions may, perhaps, be 
understood by comparing them with some analogous 
cases in laminated sandstone, where the undulations and 
confusion of the lamiuse indicate agitation in the water. 
If we allow that the water in which gneiss and mica 
schist were formed, was heated to a great degree by 
contact with or proximity to the sources of subterra¬ 



nean heat, the agitations of the ebuilient liquid might, 
possibly, give to the strata theu forming under it the 
very peculiar character of minute and irregular undu¬ 
lations which so often belong to these ancient rocks. 

Another thing apparently characteristic of the mode of Deposition 
deposition of the primary strata is the isolated condi- o1 ’'‘mo¬ 
tion of the limestones which interlaininale the schistose stonc - 


rocks. How different in this respect are the detached 
often lenticular primary limestones of Scotland, and 
even the transition limestone of Devonshire and Wales, 
from the regularly continuous calcareous beds of lias, 
oolite, and chalk! Is it not very probable, that some 
local efflux n 1 gases or the influence of local centres of 
heating agency, have sometimes performed the same 
effects as coral animals, and determined to particular 
points the extremely limited decomposition of the ocean 
water which undoubtedly was the source of the limestone 
deposit ? 


Section 2. 

On Disturbances of the Strata. 

The introductory observations in p. 540 to 543 may serve 
as a foundation for the following inquiries into the effects 
and causes of subterranean convulsion; and the remarks 
iu p. 571, 597, G19, 034, 057, 6S8 may be read in con¬ 
nection with the preceding section of chap. iv. and the 
whole of chap. iii. This great subject may be care¬ 
fully considered in four divisions. 

1. The geological periods of convulsion. 

2. The direction of convulsive movements. 

3. The effects of convulsions in altering the relations 
of land and water. 

4. Efleets on the deposition of strata and on organic 
life. 


matter we must appeal to the same processes which have 
filled the cavities of shells and many cracks in limestone 
rocks with the same materials. No doubt iu these 
effects an elevation of temperature might modify and 
perhaps accelerate the results, but it would be ridiculous, 
lit present, to adopt Dr. Hutton's, notions on some of 
these subjects. 

Effects of The preceding examples show clearly the effect 
heat on the produced on strata by the action of heat since their 
deposition ,j e p OS ; t j on; there can be no doubt that the same power- 
o t. ru a. f u | a g e „ C y must, especially in the earlier eras of Geo¬ 
logy, have greatly influenced the manner and circum¬ 
stances of their deposition. On this subject, however, 
tve have not at present much to record, and that little is 
wholly confined to the primary scries of strata. There 


Geological Periods of Convulsion. 

In order that our statement of results on this import- Proof* of 
ant subject may be as much as possible free from ob- convul- 
jection, it will be convenient to begin by fixing what Bl0 "' 
phenomena are to lie taken as proof of the occurrence of 
convulsions, and what method is to be followed in assign¬ 
ing their place in the scale of geological epochs. When 
strata, originally level, or nearly so, have been raised to 
high angles of inclination; when beds, originally con¬ 
tinuous, arc found to be broken asunder, and their sepa¬ 
rated portions placed in new relations of position, one 
portion beingraised or depressed, or both deranged; when 
layers, originally plane, are (bund to be bent into extraordi¬ 
nary curvatures; in all these cases the conclusion is imme- 
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Geoloar- diate, that convulsions have happened in the very points 
tli. IV. suc h phenomena occur. The only question which 

can arise, supposing the actual position of the rocks well 
ascertained, respects the certainty of our postulate of 
their former position. Persons who have read old 
books, but have not studied natural phenomena in this 
point of view, may be apt to suppose that, under parti¬ 
cular circumstances, strata may be formed at high angles 
of original inclination. Those who have looked more 
narrowly into the matter, and have been instructed by 
Mr. Yates’s observations on the positions assumed by 
earthy materials falling in air and in water, may be led 
to extend the judiciously limited inferences of this author 
to cases where they will not apply. For very limited 
areas, and in extremely troubled waters, the mountain 
torrents, or the surf of the ocean, tumultuous deposits 
of sand and pebbles happen, in which the lamina? may 
be inclined at considerable angles, and cover one ano¬ 
ther confusedly. On this account it seems not unne¬ 
cessary to reexamine the basis of our argument, and sec 
whether it will bear the weighty superstructure wc de¬ 
sign to lay upon it. 

E\.am in a- 1. General experience assures us of the general fact, 

(mu of the that it is a characteristic effect of agitated water to depo- 
Ii.ims ot the s it what sediment falls slowly from it in the form of strata 
ur^umc nt. w j 10SB U pp Cr surfaces continually tend to become hori¬ 
zontal. This is seen in inundations from a river, in shal¬ 
low and rutiled lakes, and within the low-water margin of 
the sea. The form of the bottom influences the hori- 
zontality of the upper surfaces of the deposits in such a 
way, thut where the bottom is like a pit, the stratified 
masses above are hollow on the faces ; but these ctfects 
of the original inequality arc rapidly obliterated by suc¬ 
cessive coats of sediment, all becoming more and more 
nearly horizontal. 

2. In perfectly tranquil water, through which any fine 
sediment is equally diffused, the depth to which this will 
cover any part of the bed depends on the depth of the 
supernatant water, and on the angle of rest in water of 
that kind of sediment. The angle, of rest in air for 
earthy substances is about 45°. 

3. If a river bring sediment into agitated water, this 
will deposit it in strata tending to become horizontal, 
but with a constant dependence upon the point where 
the river enters, such that, the quantity of sediment 
being there always accumulating, a general conical slope 
therefrom in ail directions will modify the horizontally 
of the strata. 

4. ft a river bring sediment into calm water, or into^ 
water suddenly deepening, so that all its lower parts 
may be considered as calm, the conical slopes from the 
point where the river enters will be much more abrupt 
than in the former case, in a certain proportion to the 
calmness and depth of the water. This Mr. Yates finds 
to be the case in the deep lakes which receive the 
abundant sediment of the boisterous torrents of'the Alps; 
and, in consequence, wc are furnished witli a key which 
will ultimately open many curious results in the arrange¬ 
ment of sedimentary deposits. (See p. 707.) 

On considering these cases with reference to stratified 
rocks, it is evident that instances coming within the class 
of conical deposits radiating round a point can only be 
of very limited occurrence, not likely to afTcct a general 
argument, and are, in fact, almost unknown. The es¬ 
tuary deposit of the Weald of Sussex shows no such 
structure ; it cannot be traced in the Yorkshire estuary 
coal field; nor is there any mention of it in any lacus¬ 


trine deposit which has been desiccated and exposed to Geology, 
our observation. It is very doubtful whether it van be cl '' 
recognised in any marine formation, and certainly it does 
not clearly apply to any class of marine deposits now in 
progress: at the same time we must admit that, in all 
cases, the action of the sea growing less and less sensi¬ 
ble fai»from shore where the water deepens, the sediment 
brought by rivers ami floods must be formed in attenu¬ 
ated masses, thickest towards the shores. This effect 
will be evident in exact proportion to the falling velocity 
of the particles in water, so that pebble beaches may lie 
in steeper slopes, nnd cover shorter breadths than sands, 
while fine clajs will spread further into deeper water. 

(Seep 709.) Ifut all these slopes in water are very 
gradual, so that even against the rocky Eastern coasts 
of England, the deep waters have been filled up by 
sediments, which now assume n gently declining sur¬ 
face under the water, and a moderate slope above it. 

For all the purposes of our present course of nrgu- j 
inent we shall therefore assume the law of original plant* <.i 
horizontality, or very moderate declination of the planes cu "' 
of widely extended strata, as amply supported by every 
needful proof from careful and scrupulous observation. 

Hence from adequate observations of the position of strata 
we can tell whether they have been altered in position 
or not by convulsions operating in those situations 
precisely. 

Another class of appearances indirectly marks the Indications 
effect of convulsion, either on the spot or at some distant u'Vouvul- 
poiut. When we find traces of a sudden and complete Mu ‘ ,s • 
change in the whole course of the aqueous deposits, no 
that the quiet deposition of argillaceous or calcareous 
strata is interrupted and preceded by a tumultuous aggre¬ 
gation of pebbles, we know that there has been sonic ac¬ 
cess of agitation to the water. This may, according to cir¬ 
cumstances, have happened from u periodical or accidental 
change in the drainage of the neighbouring land, or 
from some extensive change of the relations of land and 
sea. The latter cause may he reasonably ndopted, pro¬ 
vided that we find these indications of agitation very 
extensive, and provided that in some instances there he 
proof of the formation of local conglomerates following 
upon local convulsions. The latter requirement is found 
to be satisfied in many instances, and of the former it is 
easy to judge. One more indication of some distant 
convulsion affecting the relations of laud and sea seems 
to be afforded from the rare case of the occurrence of 
one bed of marine shells among a vast abundance of 
fresh-water estuary deposits, (see p.-591.) without any 
local unconformity of stratification. 

Such are the phenomena to be luken as proofs of con¬ 
vulsion : the most important are those which distinctly 
establish the precise localities of the disturbance. Let us 
now examine into the mode of argument by which the 
geological epochs of these disturbances arc to be 
established. 

In all investigations concerning the period when an How to de- 
cvent happened, we may consider the result completely 'bo 

obtained, when the limits of maximum and minimum 
antiquity are known as precisely as the data allow. 

In geological inquiries, the answer is always expressed 
in terms of the scale of relative antiquity of the stra¬ 
tified rocks, and a convulsion js fixed in geological 
time, when it can be shown to have happened after the 
deposition of one stratum, and before the deposition of 
another. If the strata which thus limit the period of 
the convulsion be consecutive terms of the series of 
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Geology, deposits, tlie most precise attainable result is obtained ; 

Ch. IV. | )u t if these limiting' strata be not consecutive, the age of 
the dislocation is known only within a given range. An 
example of accurate determination of the geological era 
of a convulsion is afforded in the North of England, 
where the newest of the coal strata are found to be 
dislocated under the oldest red sandstones of the sali¬ 
ferous system. Instances of less precise determina¬ 
tions are common enough : for example, in the Mendip 
hills the dislocated mountain limestone is covered by 
undisturbed oolite, and, as far as this observation goes, 
the convulsion may have happened duriug any part of 
the long period occupied in producing the coal, red marl, 
and lias strata. In this case, however, by tracing the 
line of the dislocation to other localities, other strata are 
found to be so related to the limestone, as to fix the geolo¬ 
gical date of its disturbance within narrower limits. 

If the dislocated strata be not actually seen covered 
by others which are undisturbed, another set of data 
must he employed. It may happen that around the 
disturbed rocks some newer stratum spreads in such 
a manner us to give sufficient reason to conclude that it 
was deposited since the period of the convulsion. This 
is, in most parts, all that can be observed with rcs|iccl to 
the red marl around Cham wood forest, and it would 
be satisfactory evidence that the sluty rocks of that 
district were upraised before the period of the new red 
sandstone; ami, in fact, we have found instances where 
the red marl does really cover with level beds the broken 
edges of slate. 

If no horizontal or undisturbed strata be visible in 
any part of the dislocated tract, either in superposition or 
iu juxtaposition, the limit, of least auliquity vanishes, 
ami we are iu danger of imagining too modem a date 
for the convulsion; if the newer members of the dislo¬ 
cated group of strata be concealed, there is danger of 
ascribing loo high an antiquity to the convulsion. 
It will lie prudent to exclude all such cases from the 
argument: the others seem to be unobjectionable. 

Qu.-stiim us There is yet another point of view of much importance 

t'> tlie <li:- to the following investigations. What we have termed 

i™'""' 1,1 the limit of greatest antiquity marks clearly the com- 

.' plctinn of the convulsion; imt the progress of geological 

inferences has brought us to the point of requiring infor¬ 
mation whether the disturbances were very rapidly 
effected by one or a few sudden and violent efforts, or 
operated slowly by small and graduated movements. 
According to the former view, the whole amount of the 
dislocation was effected iu so short a time that this may 
he regarded as nothing compared to the long periods 
occupied in the deposition of the strata; according to the 
latter, the disturbing agency might be at work during 
the whole, or some long part of the period of the forma¬ 
tion of the dislocated strata, hut ceased when their 
formutiou was complete. This is not a mere subtilly 
or needless refinement, it is very important to know 
which is the true doctrine: we believe it can be ascer¬ 
tained, for all instances where the facts can be clearly 
known ; and though it would be premature to make any 
exclusive assertion, the general process of Nature may 
be satisfactorily inferred. 

faults. Proceeding from the clearest indications on this 
subject towards those which are less easily interpreted, 
we may remark in the first place that those dislocations 
commonly known by the name of “ faults” in the strata, 
(p. 541.) which break the continuity of the beds along a 
certain plane or fissure, and elevate or depress one side, 


plainly declare themselves to be the result of single con- Geology, 
vulsive movements. To be satisfied of this, it is quite Ch. IV. 
enough to contemplate a diagram of the effects, pi. i. 
fig. 5, 7 ; but actual inspection of the phenomena will 
leave no room for doubt that the whole mass of dislo¬ 
cated strata was put into its present relations, not by a 
repetition of small and gradual movements, but by 
sudden and violent agency. A repetition of small 
movements through the whole vast thickness of strata 
could not fail to break down those clearly defined walls 
of the fissure which so generally exist, especially among 
the harder rocks, and leave the fissure filled up with a 
confused aggregation of all the substances on its sides, 
instead of a clear space for the subsequent admission of 
sparry and metallic matter, or regular traces of the 
movement of these faces on each other. 

The extent of dislocation to which the name of fault 
accurately applies is extremely various, the difference of 
level thus occasioned being sometimes a few inches, ill 
many 100 feet, in others as much as 200 yards. 

This makes no diflereucc in the argument, but it serves 
to mark out in very clear characters the degree 
of force exerted in each case. It is remarkable that 
those dislocations which make the greatest difference of 
level, range through the greatest lengths of country; 
so that the ninety-fathom dyke, so named from the 
observed extent of its dislocation, ranges from the Eastern 
Sea across the whole breadth of Northumberland, and 
certain dislocations in Yorkshire have ranges of ten, 
twenty, and thirty miles in one straight line. 

As far as we know, the greater portion of the convnl- Great ilis- 
sivc movements, whose production we are now invesli- location*, 
gating, were accomplished by means of “ faults.” 

There are some very exteusive dislocations which usually 
receive, and may perhaps deserve the same epithet, but 
which, lor the purposes of our present argument, wear a 
somewhat different aspect. One of the most magnificent 
examples of dislocation in Europe is that grand break 
nearly along the line of the Western border of Durham 
and Yorkshire, from near Ilrumpton by Brough and 
Kirkby Stephen to near Kirkby Lonsdale, the effect of 
which is to throw down to the West, relatively, the 
strata of the carboniferous system more than 1000 
yards through a length of 70 miles. An axis of slate 
rocks rises along the line of fracture, which is also 
partially marked by dykes of greenstone. On the West 
the beds dip at high angles to the West; on the East 
they decline gently to the East. No proper plane ot 
fault is traceable in this case of enormous disruption, 

’owing to the circumstances of the country, and we must 
have recourse to other considerations to arrive at satis¬ 
factory inferences concerning the time employed in pro¬ 
ducing it. 

In tile first place we may remark, that this line of dis¬ 
turbance is cut off’ to the North by the ninety-fathom 
dyke, and to the South by the Craven (bull; and there is 
every probability that it is actually continued along the 
lines of these faults to a direction right angled, or nearly 
so, to its own course. If this be so, and the whole is one 
complex dislocation, we may surely conclude that the 
middle portion, even if not of the same age as the ex¬ 
tremes, wus produced in the same manner. 

Again, the numerous faults of an ordinary character Relation of 
which cross the country in all directions between these faults to 
great lines of convulsion, seem evidently related to and “*e»of con 
dependent upon them ; a remark which receives corro- vu SIon ' 
boi'ation from many other parallel inquiries. Amongst 
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Geology, these faults it is possible, perhups, to distinguish two 
Ch. IV. periods of disturbance, the older one marked by a 
direction nearly East and West, which is that of most of 
the metalliferous veins, the other by a direction from 
North to South, which is that of several whin dykes, 
and some few lead veins. Perhaps these different 
directions may have taken their rise from the two 
directions of the axes of convulsion which bound the 
district. 

The connection, however, is sufficiently clear to war¬ 
rant our applying to those great axes of disturbance the 
limits of time by which the lesser faults are defined; 
that is to sny, in many instances nearly coincident to the 
limits of uppermost coal measures and variegated new 
red sandstone. 

Inferences. It is apparent, therefore, that the evidence which can 
lie collected on the subject of the simple dislocation 
of the planes of the strata, pointB to violent internal 
movement, occupying short periods of time for the 
accomplishment of the phenomena. There seems to 
be no mark whatever of gradual or many times repeated 
efforts. 

Some cases of disturbance, however, are of a compli¬ 
cated nature, and mny probably be found upon further 
examination to require the admission of many repeti¬ 
tions of violent movements and pressures on the same 
region. Such are the extraordinary retroflexures of the 
calcareous strata adjoining the Alps, the retroverted 
dips in the coal fields of Somersetshire and Belgium, 
and the Hanks of the Malvern hills. It is not, how¬ 
ever, easy upon any suppositions to meet the exigencies 
<>f these difficult cases. 

What are usually called anticlinal axes of elevation, must, 
likewise, be considered as yielding insufficient evidence 
concerning the length of time elapsed from the begin¬ 
ning to the end of the disturbance, in some casws, in¬ 
deed, the dips on either side from the axis arc so steep 


that they seem to refer themselves to single and violent Geology, 
movements, but where, as in the Weald of Sussex, the Ch> 
appearances along the axis indicate that there the dis- "v*"*'' 
turbunce has been moderate, while toward the sides it 
has been extreme, the breadth of the country being con¬ 
siderable, there seems on a first view no very good reason 
for coming to a decision at all, as to the prolonged or 
transitory nature of the convulsing agency. 

There is, however, an indication worth pointing out 
for the future guidance of observers on this branch of 
the inquiry. If we imagine that during the deposition 
of any clast of strata, an anticlinal axis is formed so that 
they are gradually uplifted and converted to dry land, we 
may be sure that all the strata would be found to grow 
continually thinner from either side toward the axis of 
elevation, at which line they would become evanescent. 

Very few instances can lie quoted where many strata 
are actually seen fo be continuous over the anticlinal 
line. The Isle of Wight, the elevation valley of Woorl- 
liope, (Geo/. Abslracls,) the Hampshire and Wiltshire 
chulk, and some remarkable eases in Swisscrlaud, seem 
to lie, however, sufficiently in point, and no traces of 
such a diminution are there observable. 

Upon flic whole, then, there is a want of proof that the (jcurrul 
disturbing forces were exerted through long periods be- conclusion, 
neath a given region, so as by many small and repeated 
convulsions, all operating in the same direction, to give 
the effect of one great dislocation. On the contrary we. 
may believe, that the time was very limited during 
which several of the great dislocatibus ami axes of dis¬ 
turbance assumed their respective characters. Yet, 
owing to the difficulty of the investigation, the question 
must in many instances be left wholly undecided. 

The following Table shows the geological periods of 
many remarkable convulsions in Great Britain, and the 
places where some of the most considerable effects are 
manifested. 


No. 

ft. 


It. 


I. 


11 . 


r. 

1 . 





IV. 


V. 


If. 


3. 

/• 


(;Phi toil of tilt* Cniivulsioiis. KiT['cK Hi 'l. il. 

During tho deposition of the slate I Production of urgdlaceous cunglnmii- 

system ... . f rates.. 

Porphyry and greenstone and trappeau 
. .*. couglomemtes.. 

After the Cumbrian slates and be-1 , •• „ ..._■ ... 

fore the carboniferous system ..) Du " urb ‘ !j I m,nar y rucks * * 

.Production of old red conglomerates.. 

During the curbonifvious peiiod ... Marine bed among estuary deposits .. 

He fore tl.e adjacent rocks of thet N ,dislocation,., fissures of 
“ralf r . 0 .'?. .T ™.f?.™; I veins, anticlinal axes, &c. 

During the saliferous period P.Production of new,rcd conglomerates . 

After, or during ? the saliferous! Veins of lead, He. (treat or ‘Jit-fathom 
period ? ) dyko 


Lnculitici of tome of till* Phenomena. 

| Derwent Water, Cumberland. 

j Grasmere in Westmoreland. Radnorshire, Here 
i fordshirc, &e. 

[The Grampians, Liiminnrmuirs, Cumbrian 
) mountains, N. Wules, Ocrynian chain, See. 
The Highland lionler, Cumbria, Sc. 

Yorkshire. 

| In all coni districts of this era, both in Ku- 
< rope and America, ('hnrnwond, t'rosstel! 
I fault, ('raven fault. 

North of England, North of Germany. 
Yorkshire, Mcndip hills, Tjnemouth castle, 
Oamnsall, <tc. border of Cumbrian group, 
(Kirkby Stephen.) 


During the oolitic period ? 
After the oolitic iWiod . 


During the chalk periodP 
After the chalk period .. 
After the Londun clay .. 


f 


Unconformity. Kelloway’s rock in 
contact with the lower oolite group 

excluding the upper portion. 

Unconformity of strata between oolitic 

and chalk systems. 

Estuary deposits. Pebble beds of lower 
green sand.... 


jCave, Yorkshire, (p. 631.) 

| Yorkshire wolds, Dorsetshire cliffs. 

(In the Wealds of Kent and Sussex, Lincoln. 
1 shire. Isle of W lght. tic. 


Pebble beds, wasted surface of chalk.. Hertfordshire, Vole of Thames. 

Vertical strata . I sin of Wight. 

Marine deposits between lnciistrino beds Ditto. 

The crag.Essex and Noifolk. 


The Roman numerals arc applied in the above mark the occurrence of the most remarkable periods of 
list to all periods where considerable movements conglomerates. 

are traced in direct effects of dislocation and uncon- The next Tuble presents the result of a more extended 
formitv ; italic numerals to those cases where a change survey of direct convulsive effects on the Continent and 
in the nature of the water over given regions seems to Islands of Europe, 
result from a distant convulsion; and small letters to 
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Cl.. IV'. 


No. Geological 1’ottod of the Cunvulbion* 

1 ami 2 1 Hatai! the old red landatone .... 
K. do B. I 

.. Y - l Hefoie the new red sandstone ... 
)■' do B ) Before the rothetodteliegende ... 

b. Before the zechstein......... 

r. Before the new red sandstone . 

in. ^ 

<>. t Before the lias. 

E. do U. > 

IV l 

7. > Before the lower green sand. 

E. de B. * 

V. 1 

ft. > lkdore the iiiiiieiinost chalk beds . 
K. de B. 1 

\l. r 

!). !• Before all the tertiary rocks. 

1C. de B. 1 

VII. } 

10. > Before the nagelHne. 

K de B I 

VIII. r 

11. > Before some diluviul beds....... 

K. de B. I 

IX 

l',/ ) During the formation of other 

E de U f diluvial beds.... 


Effects noted. Localities of some of tlio Phenomena. 

i Anticlinal axes and great faults of 1 Th e Huns.lr.ick and Taunus. 

\ the slate system .. ) 

5} CttlvaJj, > South-West border of the Vosges. 

{ 1 Tal"trat« l0Cn . t ‘ 0n8 a ” d r “ lW “ of } Westphalia, Belgium. 

Xnrnicnse dislocations and faults .... Vosges, and Blnck forest. 

Mountain ridges of zechstein, &c.Thtinngerwald and Bohmerwald. 

(Abrupt and distorted strata of oolitic! Mont Eilat, Cevennos, (perhaps the Erzge- 
l system...............,....../ birge.) 

{ A h^/chaik?"! *.T l Mont I) ‘ ,,,oln >'- 

Elevations of chalk and green sand .. Pyrenees, Northern Apennines, the Morea. 

Detached ridges ....... ( orsica, Sardinia, Auvergne. 

Newest tertiaries uplifted.{ ^MimUBanc. " ^ A ' r "’ 1>,a - l '- vrula » 

|Some diluvial beds convulsed.{ ^ AusTrim EUStBn ’ All ’ S fr °” 1 ^ V “ la ” 


Geology. 
Ch. IV. 


Elie de . It is to M. Elie de Betiuinotit that we owe the itn- 
Bctitimnut s p„] se w ],i c h t] le study of the periods of geological dis- 
, 0USi ' tnrhttiice has of late received, and he is the principal 
authority for the construction of the preceding Table. 
M. do llcaumnnt makes twelve distinct systems of con¬ 
vulsions which are supposed to have happened at as 


many distinct periods, but we do not find sufficient evi¬ 
dence to substantiate the division into five systems, of 
the first and second of our Table. The following is De 
Beuuinont’svicw of these five systems including applica¬ 
tions in Great Britain for comparison with the details of 
our first and second groups. 


N . 


II. 


(icolngiral Period of Ihc Onnvulcioiw. 
Supposed to lie during the deposi-1 
tion of the slate, certainly nnte-> 

rior to old red sandstone.| 

Posterior to the greywacko slate,! 

anterior to old red sandstone... ) 
After the coal sirata and certainly 1 

before rothctedtelicgendo./ 

After the coal strata, certainly lie-1 

fore the zechstein./ 

After the coal strata, ceituinly be 1 
fore the hunter sundslein .... / 


Effects noteil. 

Elevation of many mountain chains 
without transition limestone. 

Great faults affecting transition lime¬ 
stone, and anthracitic slates ...... 

Immense disruptions mid faults of the 
coal. 

Ditto.......... 

Great disruptions. .... 


Localities ofsnrnc of tin? Plu > nnmi > ii.i. 
(Grampians, Cumbrian group, Snowdon, Corn- 
< wall, llimdsnick, and Taunus, Isle of Man, 
/ A liglesca. 

1 Devonshire, South of Ireland, Bocage in (Jalva- 
/ dos, South-West border of theVosges. Harz ? 

1 From Derbyshire to Northumberland along the 
/ Western border of Yorkshiie, Malvern. 

Westphalia, Belgium, Mcndip, South Wales. 

I Vosges and Black forest, from Basle to 

1 May cnee. 


Direction of Convulsive Movements. 

Elie de It is impossible to make many observations conccrn- 
BeniiiPunl'K jug faults anil oilier dislocations of the strata, without 
l.y puilicis. being strongly impressed by the fact that they commonly 
follow certain straight lines through a country, every¬ 
where producing analogous mechanical movements. 
The length of their courses is often so considerable that 
one great dislocation defines the physical geography of 
a district. It has been long known that in mining Coun¬ 
tries the faults take parallel directions, and sometimes 
two or more systems of dislocations, crossing in certain 
angles, were found to lie of different antiquity. That 
dislocations were in some respects to be compared to the 
effects of earthquakes was also well understood, but no 
one before De Beaumont appears to have carried his 
notions of the coincidence between the lines of convulsion 
and the direction of the great physical features of the 
Globe, so far as to venture on the construction of a ge¬ 
neral system. This excellent Geologist believes that 
there is a constant dependence bettfteen the direction of 
the dislocation, and the geological epoch of its occur¬ 
rence, such that all the dislocations of the same age are 
parallel to one and the same great circle of the sphere; 


and that, in most instances, dislocations of different ages 
are, parallel to different great circles which intersect one 
another at assignable angles. 

It will be readily understood that this general hypo-. How to ho 
thesis is not to be tested bv single or small dis'oeations. examined 
It must lie examined on a great scale, by means wf very 3,1,1 u ' ill!l1, 
exact and numerous data. It is not too much to assert, 
that in the present state of Geology, the facts known are 
not clear and numerous enough to support this hypothe¬ 
sis ; and oti the other hand there arc not facts to warrant 
the unconditional rejection of it. ,1,1 must be looked upon 
as n first attempt in a new field, as a generalization car¬ 
ried to extreme; but it is certainly founded on m- 
portant data, and in several instances agrees well with 
observation. The principal difficulty of applying satis¬ 
factory tests to its consequences, arises from the uncer¬ 
tainty of the exact date of many of the most characteristic 
convulsions. We cannot positively tell whether the dislo-. 
cations of the Grampians and Lammermuirs, which take 
parallel courses, were geologically synchronous or not, be¬ 
cause tlie beds dislocated are not the same. Even in the 
ease of the great faults which followed upon the carbonife¬ 
rous system, (lie limits of the geological epochs of their 
occurrence are loo vague for the application of such a 
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theory. In fact, De Beaumont's 3d, 4tii, and 5th periods 
may be actually synchronous ; so may his 1st and 2d pe¬ 
riods be, because their limits are indefinite on the side of 
the least antiquity. Kothetoilteliegende and magne¬ 
sian limestone cover unconformably the coal of the 
North of England, and thus define the date of the con¬ 
vulsions ; but in the South of England these arc of rare 
occuricnce, and often entirely wanting, and then the 
new red sandstone above the coal gives only a vague 
approximation to geological time. 

At present these arc irremovable difficulties. We can 
then, with strict propriety, only examine the question of 
the dependence of the direction of dislocations on the 
gcologicul period, by comparing together, first, the direc¬ 
tions of those dislocations which are not known to be of 
different ages ; and second of those dislocations which 
are known to be of different ages. 

The first system of dislocations is vaguely limited as 
to time between some part of the primary strata and the 
base of the carboniferous strata. The direction of the 
axis of elevation of the Boss mountains, the CSrampians, 
and Lammermuirs, prolonged into Ireland, is North- 
East and "South-West. This corresponds with the 
general direction of the slaty rocks of Cumberland, the 
isle of Man, North Wales, and Cornwall, of the Hiinds- 
riick and Tatums. But the direction of the Devonshire 
slaty rocks is nearly East and West; so is that of the 
South of Ireland, the Harz, the South-West border of 
the Vosges, and the Bocage in Calvados. M. de Beau¬ 
mont thinks these two directions belong to two periods, 
the latter being more recent. This maybe, true; the 
hypothesis is not destroyed by the discrepancy, hut we 
must demand clearer evidence of its truth. 

The second system is more accurately limited than 
the former, since the scries of rocks dislocated is gene¬ 
rally more complete, and the undisturbed strata ;ire of 
nearly the same antiquity. Three prevalent directions arc 
recognised. The first is nearly North and South from 
the course of the Tyne to that of the Trent; it is parallel 
to the axis of the vale of Clwydd and to the chain of the 
Malverns. The second is nearly East and West, in South 
Wales and the Meudip hills, and along the Tyne; West 
North-West and East South-East in Charuwood forest; 
West North-West and East South-East in Craven; 
East and West in Belgium ; East North-East in the 
valley of the Meuse and Westphalia ; North-East and 
South West, or North-West and South-East in Shrop¬ 
shire and Bodnorshiie. The third is North und South, 
or Norfh-West and South-East, from Basic to Maycnee. 

Some of these cases of discordant direction occur 
along the same dislocation, us, for instance, the great 
Belgian axis of disturbance from Westphalia up the 
Meu.se and through France to Boulogne; in other 
cases the difference of direction may correspond to a 
diiference of age : but this has not been proved, and 
ought not to be assumed. 

We may now turn to consider the relative directions 
of dislocations of different ages. M. de Beaumont him¬ 
self has found several instances of dislocations of un¬ 
equal antiquity following the same parallels of direction. 
The North-East and South-West direction of the first 
system of disturbance is repeated in the fourth. (Seventh 
of De Beaumont.) The North and South direction of 
some dislocations of the second system (third of Dc 
Beaumont) is repeated in the seventh. (Tenth of Dc 
Beaumont.) We shall add some other coincidences. The 
East and West direction of the South-Wales coal field is 
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the same as that of the great fractures along tlie Isle of (not. ay 
Wight; the great Cleveland dyne of 70 miles in length, n ’- iV - 
which cuts the oolites, is nearly parallel to the older v—- 
elevation of Charuwood and the great faults in Craven. 

Again, it is a general law of most mining districts to 
have their principal producti\e veins running nearly 
East and West, and crossed by others North im.l South. 

Is it to be supposed that veins which arc parallel are 
universally of the same age ? Is it not very well know n 
that they are not so ? 

These difficulties seem wholly insuperable in the pre¬ 
sent state of the Science. It seems not possible I nun 
elements so uncertain and contused to rise, by a legiti¬ 
mate process, to any sound conclusion, at once exact 
and universal in its application. Any hypothelieal con¬ 
nection between geodesieal lines and the directions of 
disrupted strata appears liable to interminable difficulty, 
from the excessive number and various direction of the 
dislocations. Any line drawn through any Country, not 
far removed from a great axis of disturbance, will be 
found more or less parallel to some of the cracks or 
faults which depend upon that axis. If, rejecting these 
minor phenomena, we limit our evidence to the great 
lines of mountains, the data are too few and too dis¬ 
joined for satisfactory induction. To show by what 
evidence M. dc Beaumont has himself been led to adopt 
bis hypothesis, we may abstract his original account of 
two systems of disturbance, the one detailing minute, 
the other more general evidence. 

Three small granite eminences irf the Cole d'Or, near Seventh 
Rombcriiou, which accompany the disruption of Jur.i '•v-teiu u( 
limestone there, range in n line North-Easi and J,*",,j*' uu " 
.South-West, parallel to the summit ridge of the Cote ° 
d’Or. The line of these granite points being considered 
part of a geodesieal circle, and prolonged in each direc¬ 
tion, is found to coincide with several remarkable geolo¬ 
gical accidents or disturbances. In the North-East, for 
instance, it coincides with dolomitic Jura limestone 
and steep dips at Suxy, between Emigres and Dijon, 
witli^tlie hot springs and magnesian miischelclialk of 
Bourhonue les Bains, with the basaltic eminence of 
Essey, South of Luncvillc, and with the granitic pro¬ 
tuberance of Albcrswciler, between Annvvcilcr and 
Landau. 

Another line of disturbance parallel to the preceding 
is indicated, and it is observed, that from Parity (Suone el 
Loire) to Plombicres, (Vosges,) the great line of valley 
watered by the Bourboune ami Saonc is perfectly 
parallel. This line prolonged into (iermany passes 
along the line of the valleys of the Mayn and the Saal, 
through Mittcnbcrg to Leipzig, and is parallel to the 
Erzgebirge and Mittelgebirge. 

Now all these dislocations were probably produced at 
the same gcologicul epoch, which, though inferred limn 
the general phenomena along the line, is determined 
more exactly in consequence of uu extension of this 
system of faults by a series of parallels retiring to the 
South-East, till we arrive in the Department of the 
Rhone, where the Jura limestone umieiialk occur toge¬ 
ther, the former dislocated, the latter undisturbed. The 
direction of these parallels of disruption is at Dijon, 
North-East and South-West. In the Jura a great num¬ 
ber of undulations in the strata range parallel to a line 
North -10° East, or North 45° East, and, being some¬ 
times filled with green sand deposits, are clearly of the 
same date as the other disruptions mentioned above. 

The insulated chain of the Pyrenees, one of the most 
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Geology, remarkable in Europe, forms the ba:?e of the ninth system. 
.*'**• XV, ^ ]\lany observations prove that the chalk and green sand 
Nmth nV :,re * iero w ' t h l ' ,c primary rocks, but the later 

te!" o'[?)e tertiary deposits lie level against their slopes, and some 
Ueaiimunt, were deposited from a sea which washed the base of the 
already elevated mountains. The general direction 
of the chain, from Cape Ortegnl in (ialicia, to Cape 
Crenss in Catalonia, is a little South of East; but this 
generul chain is composed ol partial ridges whose axes 
are parallel to one another, and directed West North- 
West and East South-East. 

This direction belongs to the disturbances of the 
same date in Provence and near Nice, and is recognised 
in the Apennines, at least in the Northern part, and in 
the Country of Naples, and along the South shore of 
Sicily. The South-Western boundary of the Niigeldue, 
in Swisserland. appears to correspond with the Pyreneo- 
Apcniiiuc line, as do likewise the Dalmatian and 
Croatian summits, the valleys of the Save and the 
Dravc, the line of the Khodupcnn mountains, and the 
ridge which crosses the Straits of the Bosphorus. 
Simdnr directions seem to be traceable in Greece; and 
ns far as the evidence yet collected goes, the date of the 
elevation of all these chains is the same, The Carpathian 
range, parallel to the Dniester, falls into the same 
system with a small line of granitic and syenitie rocks 
along the Elbe near Dresden, and the mean courses of 
the metallic veins of the Harz. 

Extending his views, M. dc Beaumont finds some 
traces of the Pyreneo-Apcnnine system in Africa and 
Syria, in the Caucasus and the Ghauts of India; but the 
imperfect stale of information concerning the Geology 
of these Countries renders I he inferences concerning them 
of less value than those which relate to the North 
American mountains. On prolonging the Pyreneo- 
Apenuiue circles across the Atlantic by llecla and Green¬ 
land to the New World, we find it descend parallel to 
the Alleghnnies and their Northern connections, which 
have determined the form of the Eastern shore of North 
America; and, as appears by the statements of'Ijraus- 
atlantic Geologists, were probably uplifted between the 
age of the chalk and the latest of the stratified rocks. 

Much remarkable accordances of epoch and linear 
direction, over so enormous a length upon the surface of 
the Globe, cannot, saysDe Beaumont, he the result ol 
chance, but of a regularly acting internal cause. Those 
who admit the generalization, usually imagine the effects 
to depend upon periodical fractures of the crust of the 
Globe through the cooling of its interior, so that the 
crust contracts convulsively with lines of fracture paral¬ 
lel to some great circle of the sphere. 

|M" r , 0 . | . Relinquishing for the present any further attempt to 
11 1U construct a general system of relation between the age 
1 and direction of dislocations, we may still find it useful 

to inquire what laws of direction belong to dislocations 
ill a limited district. 

The remarks already made, pp. 543, 514, 597, 598, 
and in the Section on Mincrul Veins, will render it un¬ 
necessary here to do more than state a single ease of the 
parallelism of trap dykes, which has been furnished hy 
Archdeacon Verschoyle, in the North-West part of Mayo 
and Sligo. (Proceedings of the Geol. Sue. 1833.) He 
describes no less than eleven basaltic and amygdaloidal 
dykes, which, in a space of llj miles in breadth, tra¬ 
verses the Northern part of the district in a nearly 
East and West direction, and cut through all the forma¬ 
tions from the gneiss to the carboniferous limestona 


One of these dykes ho traced between 60 and 70 miles. Geology, 
and believed it might be followed much further to the Ch. IV 
Eastward. Two of the dykes are crossed by others 
having a North and South direction. 

Direction of the Strata. 

It was long since remarked by Mitchell, that the di- Mitchell's 
rcctiou of the strata in any region was generally parallel VKWa ' 
to the ranges of mountains ; a truth of great importance 
in the modern system of Geology. The prevuleut range 
of the strata in any Country must, however, depend 
partly upou another circumstance, viz. the original line 
of the Ocean boundary. In many parts of the Globe the 
most prevalent direction of the strata is observed to be 
North-East and South-West. Humboldt was so stuick 
with these to.rodromic lines in Europe, that he says one 
of his principal inducements to visit Equinoctial America 
was to examine the directions of the strata there. He 
has furnished evidence that the parallelism of the strata 
to the great lines of mountains, is a general law of N alurc. 

M. Neckor, in a communication to the Social a rl’ll/c- M. Ncrk- 
toirr Nalurdtc de. Geneve , has shown a very unexpected er‘* iulrr. 
coincidence over large portions of the Northern hemi- cncts- 
sphere, of the direction of the strata, and the curves of 
equal magnetic intensity, as traced by Captain Sabine. 

One of these curves, that of 297 seconds, traverses 
Scotland in a direction North-East and South-West, 
which is exactly that of the strata; it keeps the same 
direction hy Chiistiania in Norway, where, according 
to M. Von Buell’s observations, the strata trend North- 
East and South-West, and pass through Sweden, 
where, according to Hisinger, the same direction of 
strata predominates. On arriving at the Gulf of Both¬ 
nia the magnetic curve turns North-West and South- 
East,.which, according to Strangways, is the direction of 
tile Southern border of the Swedish and Russian granite. 

The curve of 308 seconds enters Europe by Lisbon, 
and passes South-West and North-East through the 
Spanish Peninsula, which is nearly the line of most of 
the long Sierras between the great rivers ; it passes hy 
the Ccvennes, and goes parallel to the Alps in their North- 
East course to the Tyrol, but there turns South-East, 
as do also the lines of stratification through Carniola, 

Istria, Croatia, Dalmatia, and theMorea. Parallel to these 
are t he Carpathian mountains. The same correspondence 
between the magnetic curve and the lines ofstruta is traced 
through the Crimea and along the Caucasus. 

in North America the magnetic curve and thc'slralifi- 
catiou range North-East and South-West along the 
whole Eastern coast; in the Rocky Mountains both extend 
from North North-West to South South-East: in Mex¬ 
ico the magnetic curve tukes the parallel of the Cordillera 
of Anahnuc North-West and South-East, and ranges 
along the South coast of New Spain. Further to the 
South the curves resume their course North-East and 
South-West, which, according to Humboldt, is the di¬ 
rection of the strata in Venezuela, and between the 
Orinoco and the Amazons. The mighty chain of the 
Himalaya, which in Nepaul bears North-West ‘and 
South-East, and turns North-East at the North-EaM 
extremity of Bengal, is parallel to the curve of 297 se¬ 
conds which was first noticed. 

These remarkable accordances deserve the attention of 
Geologists, who must always receive with particular grati¬ 
fication any results tending to connect the general facts 
of the construction of the crust of the Earth with the laws 
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of the distribution of terrestrial magnetism, electricity, 
and temperature. 

Effects of Convulsions in altering the Relations of Land 
and Water. 

The submarine origin of the whole stratified crust of 
the Earth being admitted, and the actual elevation o 
these rocks above the sea in the existing continents being 
known, it is required to determine, the several geolo¬ 
gical periods when different parts of the solid land were 
raised above the waves. It is usually taken for granted 
that this effect has been produced by the several systems 
of convulsions which have impressed angular move¬ 
ments upon dislocated portions near the surface of 
the Earth, and thus raised some portions and, perhaps, 
depressed others. That this general impression is fre¬ 
quently well founded, though it does not embrace the 
whole truth, will appear from the simple consideration, 
that the whole configuration of the dry land, whether in 
islands or continents, is dependent upon the direction 
and elevation of the chains and groups of mountains, 
which were certainly elevated, at various assignable 
geological epochs, above the ancient sea. 

It may be asked how is this ascertained ? Tin* mere 
fact of those mountains being convulsed, and the strata 
therein thrown into angular positions, does not seem to 
prove that the region was elevated by such action above 
the level of the sea, nor, perhaps, that it was uplifted at 
all; since it may be imagined, with some theorists, th.it the 
neighbouring parts were depressed, and that the general 
level of the Ocean has been lowered. Ill answer to this 
wo may proceed to show that the. effect of the convul¬ 
sions was relatively to raise the convulsed parts; that 
these parts were in several instances elevated above the 
sea at assignable periods; amt that these effects were 
independent of any imaginary depression of the general 
level of the Ocean. 

That the effect of convulsions lias been, generally, to 
raise the convulsed pints will appear shown by consider¬ 
ing what is the focus of the disturbance and the direc¬ 
tion of its energy. The mountain chains and groups 
are most certainly ihe foci of the disturbing forces ; tol¬ 
as we pass towards them, from all sides the number and 
force of the dislocations continually increase, and tlie 
declination of the strata grows more and more violent. 
The direction of the disturbing force is by the same pro¬ 
cess of observation clearly discovered to he vertical or 
nearly »o, amt outwards from the central regions of the 
Earth. It was an expansive force, which employed its 
principal efforts along certain lines and about cm tain 
centres, there breaking and bending the strata in the 
highest degree, but also lifting them up on all sides 
around. As far as we can judge, this elevation of the 
mountain chains and groups was generally unaccom¬ 
panied by any neighbouring depression, for the inclina¬ 
tion of the strata for the most part gradually subsides to 
a gentle slope, and finuliy vanishes in nearly horizontal 
planes, in the mountain chain itself, various and sud¬ 
denly reverted dips may be met with corresponding to 
|iie violence of the disruption, but by a careful study 
of the exterior slopes the general tendency of the con¬ 
vulsion may be clearly deciphered. 

The same data will not, however, by any means give 
us right to conclude that tlic mountains so liplitk-d were 
raised above the sea, because, though we may know the 
absolute height of the vertical movement, this will avail 


us nothing in our ignorance of tin* original depth of the (ivology. 
water. We must examine to see whether they bear on l 'h- I *■ 
any part of (heir sm l.u-e any traces of those later marine 
deposits which spread a mu ml their bases. If tliev do, 
we may lie sure they were not elevated above the sea till 
afier the date of those strata; as for instance, the Alps, 
which bear upon their crests poilions of oolitic, i retaeeoiis, 
and tertiary strata, are thus proved to be of modem ele¬ 
vation. If they do not, and the newer marine Mi at a aioiiml 
their bases have been deposited horizontally against the 
slopes of the mountains, we are entitled to believe that 
these had been previously reared above the sea. This con¬ 
clusion, however, it must lie always borne in mind, does 
not inform us correctly to what height they were ieared 
above the sea, but leaves us to infer that they have 
since partaken of another movement by which these 
newer strata have been placed at their present ele¬ 
vation. 

The facility of escape from many embarrassing con- s ( h cnt.i- 
sidenitions which a general depression of I lie level of (lie t'*«n >"> the 
Ocean seemed to oiler, was too tempting to speculators ( )iv,in level, 
in Lieology t<> permit them to inquire inlo its physical 
probability. The simple question of what lias become 
of the vanished water was disregarded by Werner, and 
perhaps never though! nl by his followers. It will not 
now lie sudieieiil to press it into a subterranean abyss, 
nor to carry it oil' to other planetary regions in the lad 
of a comet; we must admit that the quantity of water 
upon the Iilobe has been constant, or give up all pre¬ 
tence to philosophical iiiodcralion ; and with this restric¬ 
tion upon our inquiries it becomes easy to prove that 
the level of the Ocean is coiriiiicil wit Inn very narrow 
iimils of fluctuation, so long as the Earth's avis and ro¬ 
tatory velocity are supposed invariable. If the level of 
the Ocean be expressed either by taking its mean depth, 
or llle mean radius of its suifaee, litis level may be sup¬ 
posed variable by reason of any local convulsive move¬ 
ments of the dry land or tied of the sea, any change of 
dimensions of the whole (ilobc, or any alteration of the 
mean temperature of the water. First of temperature. 

If wfe take the mean temperature of the Ocean at the 
Equator HI.5 F. its temperature at the Poles 0.0 F. on 
the surface, and at some depth (</) 81.5 F.; and 
suppose, in conformity with inferences from organic re¬ 
mains, that the whole surface of the (ilobe was formerly 
subject to a temperature equal to that of Ihe Equator; 
the Ocean at that period must have been defined by a 
longer radius. 

Tlic expansion of the Polar waters, supposing them Variable 
to have been fresh, would lie at the surface only to the with cluing# 
extent of 4°.0, because at temperature 0°.0 F. fresh water uf t<,,n I M ' ra - 
occupies nearly the same space as at 77°.5 ; at nearly tur ‘"' 
half the depth (d) it would expand through 42°.75. at 
the depth (d) nothing. Average expansion = 22°. 4 

which corresponds to — of the depth. If we suppose 


d to be 10,000 feet, the Polar expansion = 54 feet. 
But if we suppose the water to have been salt, the ex¬ 
pansion at the Polar surface, from 0°.0 F. to 


81.5 F. 


81 1 

TS7) * 20 “ 3000 



if the depth : and at other latitudes 

= i X 'ine bit. Amt ——- feet = 228 feet, 

which would give a mean rise of the Ocean = 76 feet. 
5 k 2 
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It is evident that such fluctuations of level, however 
real, arc not adequate to explain the desiccation of large 
tracts of laud. 

What might be the effect of a general change of 
dimensions of the Globe, through variation of its own 
temperature, is beyond our grower of investigation, be¬ 
cause we do not know in what rati* the solid and liquid 
parts of the Globe would alter their dimensions.* 

We may, however, consider the effect of a general 
change of dimension ofthe nucleus of the Globe, suppos¬ 
ing the superficial temperature unaltered. According to all 
analogy of organic forms, the Globe may be supposed to 
have grown cooler continually, and thus to have con¬ 
tracted in bulk ; but this, by shortening the mean ra¬ 
dius, would cause the Ocean level to rise upon the laud, 
which is contrary to the effect we wish to explain. If 
we even allow, for the sake of argument, an augmenting 
diameter to the Globe, this must go to a very great 
amount before the level of the Ocean, as compared to the 
land, would be sensibly affected. If the Ocean be 5 miles 
deep, the diameter of the Earth must be augmented 1$ 
miles to cause the level ofthe water to sink relatively 10 
feet, and to sink it half a mile the radius of the Ocean 
must augment 400 miles. It is unnecessary to prose¬ 
cute this inquiry, for a sinking of half a mile would be 
insufficient for the desiccation of the whole dry land, even 
allowing the great mountains to have been uplifted. 

The most, interesting part of the inquiry remains to be 
more carefully examined—the variability of the Ocean 
level in consequence*of displacements of the solid land. 
We shall put the ease in three forms, and according to 
each of these imagine the present continents to be de¬ 
pressed beneath the waters of the Ocean, as they once 
certainly were, 

First, we may suppose no vacuum to exist below the 
crust of the Earth, nor any receptacle occupied by air or 
gases into which the solid land could sink, but that a 
sinking in one place should be compensated by a rising- 
in another, so that the cubic dimensions of the Globe 
should remain unchanged. Moreover, to put the ease to 
extreme, it may be a condition that the'land shall sink so 
that water shall cover the whole surface. In this case 
the level of the Ocean would rise, that is, the mean 
radius of its curved surface would be lengthened, by a 
quantity depending on the mass of the solid land sub¬ 
mersed, and on the relative area of land and water. 
This relation of area is about as 3 water to 1 land. The 
cubic content of the solid land may he thus estimated. 
In England, Wules, and Scotland, the average height of 
those conspicuous mountain masses which appear to give 
shape to the whole country is about 3000 feet; and if 
we consider this as the apex of a cone whose base is the 
given area, wc shall huve the cubic content of the moun- 

3000 _ „ , 

tain masses = x area. But on acccount of the 

O 


valleys this quantity must be reduced to half, or 

= sr 500 feet, and the area = J of the whole area 

of the Island. In uddition, the more level parts may he 
compared to g mean cone of400 feet altitude, on an area 

400 

= i the whole area of the island. Then •— = 133 


♦ Since this Section was written, Mr. Babbage has made known 
some very interesting views bearing on this subject. (ftvceetlmtjt 
of the Gent. Socieli/, 1831,) 


feet, and making the sum of the bases = area of the Geology. 

T , , , , . , 500 -f- 400 , Ch. IV. 

Island, we have mean altitude---= 225 feet. \__ _ —. -■ 

4 

This principle applied to the Continents of Asia and 
America would give in round nuntliers about 1000 feet 
mean altitude of land; and as the area ofthe expanded 
Ocean would be four times as great as the land is now, 
the total mean elevation ofthe water, by the submersion 
of the whole mass of land, would he about 250 feet; a 
quantity too small to be of use-in explaining any lmt the 
lesser order of geological phenomena, and which may 
be considered ns the extreme limit of oceanic rise. 

Secondly. We may suppose the existence of cavities 
into which the solid land might siuk, so that there muy 
be no elevation in another place corresponding to the 
given depression. To put this also to extreme, we may 
imagine the very improbable case that a mass of solid 
materials equal in bulk to all the solid land above the 
water, should siuk into a cavity, and that the surface of 
the submerged land should be level. The level of the 
Ocean would be nearly unaltered, except in a small de¬ 
gree, by reason of its shallow expansion over the area of 
the land. We might go on to suppose even the enor¬ 
mously improbable case of cavities existing so large 
as to admit twice the whole solid mass of the con¬ 
tinents, and that these should sink with an equal bulk 
of materials into these cavities. Even in this case the 
Ocean level would only be lowered 250 feet. 

Thirdly. If we suppose contemporaneous or succes¬ 
sive elevations and depressions however extensive, the 
Ocean level would oscillate about a constant line. 

It is evident, therefore, that by no stretch of conjee- Conclusion 
lure, that ris not absolutely monstrous, can wc torture adopted, 
the known laws of terrestrial arrangements into agree¬ 
ment with the hypothesis of any but small changes of 
the lovel of the Ocean; a conclusion of the highest 
value, since it enables us to argue upon that level at* a 
general standard to which we may refer all the effects of 
internal movements, in whatever period, and by what¬ 
ever forces produced. It must be, remarked, however, 
that it fixes no limits to the effects of the temporary vio¬ 
lence induced in the Ocean by such movements, because 
these effects would be proportioned to the itnpttl.se with 
which they were attended. 

It appears that we cannot in all cases understand the Gradual 
possibility df the elevation of land out of the sea by the elevation of 
mere effect of local convulsive movements, but must in ,IUI< ** 
addition admit the gradual rise of large tracts of land 
whether convulsed or not at some earlier epoch* Eng¬ 
land is an unexceptionable example; and probably every 
Country will be found to require the same admission. 

The necessity for admitting this gradual elevation of the 
whole country, is first suggested by the difficulty of 
otherwise accounting for the altitude of the tertiary and 
other marine strata, which have been deposited long 
since the great convulsions which partially or completely 
raised the primary and other old systems of rocks, and 
are, in general, remarkably free from the traces of any 
such events. The older Geologists relieved themselves 
from this dilemma, by inventing the gradual diminution 
of the level of the Ocean ; the moderns meet the difff- 
culty by supposing a gradual intumescence of the land. 

The former mode has been proved to be incredible, the 
latter we certainly do not yet understand, but it is not at 
variance with the established facts of convulsive ele¬ 
vation. 

Where convulsive movements can be traced in their 
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effects we linye a pood local cause for the local elevation 
of the ancient beil of the sea; but where no Mich move- 
incnts cau lie traced, and yet the land is raised far above 
the sea, it is clear that we must neither admit convul¬ 
sion, nor deny the relative change of level of laud and 
water. Now the areas of country which are elevated, 
but not convulsed, in such a way ns to account for this 
elevation, are very extensive. The greatest portion of 
the level regions of the Globe is thus circumstanced. In 
many instances we might plausibly explain the facts by 
supposing that the same localities (as mountain chains 
and groups) which had been in very ancient periods 
liable to great convulsive movement, were during later 
periods influenced by more gradual and continual sub¬ 
terranean expansion, so as to bear up on their slopes the 
newer strata formed and iu process of formation. This 
would apply to England, whose great centres of old 
convulsions arc nearly confined to the Western borders, 
and it seems equally suitable to most Countries whose 
lines of mountains correspond with 1 ho general figure. 
The principle, once admitted however, will be found 
applicable to all situations, and equal to solve a very 
difficult class of problems in Geology. It may even 
clear our way through eases of alternate elevation and 
depression, such as the Temple of Serapis on the Nea¬ 
politan shore: for whatever lie the cause of local intu¬ 
mescence, it may be discontinuous or ii>leimitteiit, and 
elevation in one quarter may be counieibalanced by de¬ 
pression in another. 

Hut is such an assumption of local subterranean ex¬ 
pansion consistent with vvliat is known of the interior 
constitution of the Globe, or is it a vain speculation? 
So little is known of the interior of the Globe, that 
almost anv hypothesis is safe from coming into collision 
with that knowledge, provided it allows of given mean 
density, and a specific giavity increasing toward the 
centre. Newton supposed the spheroid to be homoge¬ 
neous ; it has been found that this supposition is by no 
means necessary to fulfil the observed conditions of the 
problem of the Earth’s figure, and (lie irregularities of 
attraction indicated by the pendulum experiments, and 
of curvatnre^by direct meridional measures, seem to 
show that the concentric masse* of the spheroid may not 
be of uni form density. 

This being allowed, there would seem no objection to 
suppose that the densities along any one Radius of tile 
spheroid arc variable , by reason of intestine movements 
ninona- the unequally dense parts of the concentric 
masse?, and this would exactly answer the conditions of 
the geological problem. For the length of any radius 
of the heterogeneous spheroid would necessarily vary 
with the densities; and considering the small piopor- 
tion of the height of the laud above the mean ludius 
of the latitude, it is clear that small internal changes in 
a length of 4000 miles would easily account for varia¬ 
tions on that line to the extent of 1000 feet or yards. 

This hypothesis would give a gradual and prolonged 
elevation in some parts and corresponding depressions 
in .others; it would not affect in a sensible degree the 
astronomical elements of the Planet, but would change 
'more or less completely its hydrographical boundaries. 
It appears consistent with the inference to which wc were 
conducted while studying the phenomena of mineral 
veins, (p. 777.) viz. that under the same region of stra¬ 
tified rocks different sorts of igneous rocks had been at 
different times developed; and at all events may be 
used as a first contribution toward a sound mathematical 


theory of general subterranean movements independent 
of volcanic convulsions. 

We may now uttempt a brief sketch of the relations of 
land and water in particular regions, during the successive 
geological periods, and notice the character of the agen¬ 
cies concerned iu producing them. . 

It is sufficiently evident that wc nre precluded from 
any attempt to assign these relations generally, because we 
cannot know what tracts of laud were once raised above 
the san, and have since been submersed. This applies 
with great force to the periods, whatever they were, 
which preceded the formation of what we call primary 
strata; for concerning the question of the existence of 
land during those periods we cannot even oiler a con¬ 
jecture, except upon the basis of inquiries into the re¬ 
mains of terestrinl organic forms imbedded in these 
strata. The evidence which they afford negatives, ns 
far as it goes, Ilia existence of land plants ; hut it is 
chiefly by the great extent and uniformity of character of 
these deposits, and by the absence from them in the 
lower parts of marks of littoral or fluvialile action, 
that Geologists might justify u belief that little or no 
dry land divided the wide primeval Ocean. We pass to 
consider the state of things during the primal y period. 

It is admitted that the greatest effects of the elevator)’ 
movements which can be traced in the existing ranges 
of mountains were posterior to the primary deposits; 
but there are good grounds for believing that diy land 
iu some (unknown) situations began to lurni 1 li vegeta¬ 
ble reliquiie, during, perhaps, the -whole of the peiiod 
occupied iu the deposition of the clay slate sysiein. 
First, there is the certainly that some disturbing elleels of 
igneous agency are traceable among very old members 
of this vast group of rocks, (p. 571.) Scrond'y, the 
existence of eat bonaeeous matter (anthracite) among the 
newer slates. Thirdly , according to different authors, 
in the upper parts of the series occur various land plants. 

11 is highly interesting to observe the coincidence oftvvo 
classes of results healing on (he relation of land and 
water at this epoch. Some of the most extensive and 
important phyiciil features on the Western sale of (lie 
basin of Em ope have resulted from convulsions pi reeding 
this epoch, which ccilaiuly raised out of the sea many 
remarkable ranges of high ground ; and the most con¬ 
siderable accumulations of laud plants which have fur¬ 
nished the substance of coal in Europe and North 
America, fothnret! those convnKions. It may, perhaps, 
eventually he possible to derive, from the comparison of 
the local centres ofelevation with the limited fields ni 
coal, some conclusions as to the place and other circum¬ 
stances ofgiovvtli of the vegetables; at present wo shall 
only venture three remarks. 1. The deposit of coul 
plants does not in general follow immediately, hut aller 
some interval, the uplifting of certain tracts of land ; for 
between the uplifted primaries and the pliyfilerotis se¬ 
condaries, great thicknesses of conglomerates holding 
few or no plants, and beds of limestone full of marine 
shells intervene. 2. The plunts which most predomi¬ 
nate in the older parts of the carboniferous deposits in 
Great Britain (conifers) appear like the vegetation of a 
mountain district in n warm climate, while those which 
abound *iri the younger deposits of (he same period 
(eactiaceie, equisetucea:, the.) ina) be more successfully 
compared to plants of plains anil marshes. S. The 
coal basins appear reluted in position to the ranges of 
primaries uplifted before flic deposition of coal, and not 
to those of subsequent agc«. This is an important fact. 
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ami must be further <lovolo|»cd. On the Geological Map sequent internal movements and superficial wasting, wmm. 
of die British I sics, (pi. i.) the local relation of t he primary their larger proportions and general effect in those early IV- 
and carbonilerous strata may lie seen, and it will be oh- periods may be very well judged of from the characters v_— 
served that die latter form a broad belt parallel to the which they retain at present. 

general course, entering into the indentations, and sur- It might appear that, during the saliferous period, the 
rounding the insulated eminences of the former. But elevated lands nourished no great profusion of vege- 
along the ranges of the Alps and Pyrenees, no such bauds tables; for throughout the whole of Great Britain the 
of carboniferous roeks occur. The British primaries were magnesian limestone uiul new red sandstone system 
uplifted before the carboniferous peiiod, the great F.uro- is wholly, or very nearly so, devoid of such remains; 
pean nitiges after. Coal is, however, not uniformly and though in n few places in Germany plants are found 
spread over all the area of the carboniferous rocks. It in some parts of this system, they rather confirm than 
occurs in the great valleys of the Forth aud Clyde, between oppose the general inference. 

the Grampian and Lainmcrinuir ranges, in valleys of the It does not seem possible to trace any close depend- 
Latnniermuir; (Sanquhar;) round the Cumbrian liioim- once of the local character of the saliferous system upon 
tains; round the Welsh mountains; in hollows of the the circumstances of the Physical Geography of the re- 


Auglesea primaries. Besides these reinaikahle juxta¬ 
positions, the long range of the great Not them coal 
fields is still partially united with the coal deposits en¬ 
circling the Cumbrian ami Welsh mountains; mid it is 
only by the effect of immense subsequent convulsions, aud 
the consequent nnconlormity of the saliferous formation, 
that it does not now appear completely united with them. 

The immense coal deposits of Ireland arc in the same 
way surrounded by primary strata, which were raised 
above the sea before the accumulation of the coal. Pa¬ 
rallel to the Uuudsruck and to the Tauuus and Ardennes, 
which were elevated about the same early period, lie the 
coal deposits of Saarbruck, the Netherlands, aud West¬ 
phalia. Comparing this statement with the inferences 
concerning the growth of the plants of the carbonilerous 
period, (p. MM—t>97,) and with the peculiarities of the 
several coal fields, we seem to find a fair basis for reason¬ 
ing concerning the original habits of fossil plants, which 
may eventually lead to important results. 

The elevutury movements consequent upon the depo¬ 
sition of coal appear to have been very general uiul ex¬ 
tensive, and in the basin of Kuropc to have materially 
contracted and altered the boundaries of the sea. In 
England, especially, this effect is dcaily shown, by the 
rising above the sea of the large tiact. reaching from the 
Tweed to the Trent, and including nearly the whole of 
the space between Berwick, Carlisle, Liverpool, and 
Nottingham ; thus forming a large and nearly united 
tract from the Pentium! Frith to Cheshire. To the same 
periods we must refer a large augmentation of the previ¬ 
ously elevated regions of Wales, it will thus appear 
that nearly all the Northern and Western parts of the 
Islam! of Great Britain were then raised above the sea, 
which still flowed over the sites of all the Midland, East¬ 
ern, and Southern Counties. The greater part of Ireland 
had also emerged. Besides these greater elevations, 
some smaller tracts, which now appear as detached 
groups of mountains, were then conspicuous as islands. 
Charnwood forest, the Dudley district, and Mendip 
are examples. The Cumbrian mountains were half sur¬ 
rounded by a sinuous arm of the sea, which washed the 
feet of the Penine chain from Rirkby Stephen to Bramp¬ 
ton, expanded into the Southern Counties of Scotland, 
and perhaps connected itself along what is now a part of 
the Irish Sea, with a great diversified gulf in Cheshire, 
Warwickshire, Leicestershire. (See Map, pi. i.) To 
the East of a line drawn from Newcastle .through 
Nottingham to Exeter, we may suppose it to have been 
all an open sea ns far us the Ardennes and the Harz. 
It thus appeurs that some of the marking features of 
British arid European Physical Geography are of very 
high antiquity; and however modified iu detail, by sub- 


gion ; for, correctly speaking, there is very little of local 
character, except what is imparted by the unequal ex¬ 
tension of the limestone groups ; and these are probably 
wholly derived from marine decompositions. Along the 
Vosges mountains, perhaps, a peculiar sandstone con¬ 
glomerate may have been derived from these mountains. 

Scurcely any thing in Geology is more remarkable- 
titan the great uniformity of appearance of such exten¬ 
sive deposits as those of the suliferous system, with such 
few remains either of marine or of terrestrial reliquiue. 

The prevalent red colour of this system is of itself a cir¬ 
cumstance of great interest, though of unknown origin. 

In many eases this colour is derived from a superficial 
coaling of oxide of iron round the internally clear 
quartz grains; and there can be no doubt that chemical 
agencies were then in operation of a very extensive and 
very remarkable kind. It is difficult to avoid believing 
that the life of the marine inollusca and radiaria was 
much controlled by these agencies. 

The deposits between the coal system and the tertia- Before the 
ries succeed one another so regularly in England, and 00,11 V' 
even tlfroughoul Europe, that it is perhaps impossible * 
to explain the successive parallel outcrops of the se¬ 
veral strata, except by supposing a gradual elevation of 
the pre-existing land, or a gradual retreat of the Ocean. 

This problem becomes, however, still more intricate when 
we add the following generul truths: l. That in Film¬ 
land tlieoolitic strata, which succeed the re#marls, form 
hills of greater height than any one point of the sali¬ 
ferous formation ; the same is true for Germany and 
France. 2. il’hat there exist beyond the general range 
of the oolitic outcrops, many far detached hills of these 
strata resting on and overlooking broad plains of red 
marl, which seem to be in an undisturbed position. It 
is obvious in these instances that the surface has been 
subjected to enormous waste by the violence of watery 
currents; in every theory of diluvial or alluvial uction 
it is supposed that these denudations were performed 
upon the dried und elevated laud; but few speculators 
have had the boldness to attempt the solution of the 
difficulty, by assuming that the invention of relative 
level between the red sandstone and the oolitic systems 
is wholly due to the wasting action of water. 

Perhaps we shall best consult the true interests of the 
Science by not insisting much upon any mode of ac¬ 
counting for these yet insufficiently examined questions; - 
but it seems right to observe, that a gradual elevation of 
the South-Eastern parts of England, parallel to the lineof 
tile oolites, and prolonged in duration through the whole 
period of the saliferous, oolitic, cretaceous, and tertiary 
rocks, would fully agree with the general physical features 
of the surface of the district, the minuter inequalities of 
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Geology, which may certainly be ascribed to superficial watery 
Ch, IV. action. This view appears to agree well with the general 
character of the upper saliferous, oolitic, and cretaceous 
deposits, which exhibit many repetitions of analogous 
rocks and fossils, many deposits of limestone and clay, 
such as might be formed in quiet or deep waters, with 
but few beds of sandstone. From some of these local 
sandstones we learn the fact, that some purls of the 
land which borders the oohtiferous sea, nourished a va¬ 
riety of plants, characterised upon the whole by a pre¬ 
dominance of vascular cryptngamia and coniferous pha- 
nerogamia, different from those of the older coal tracts. 

Effects of Convulsions on the Deposition of Strata and 
on Organic Life. 

The formation of extensive conglomerates has been 
already shown to be n uuturul consequence of convul¬ 
sive movements ; and it is in some cases very probable 
that the disturbance was centred in the immediate vici¬ 
nity of these accumulations. But it would be a gratui¬ 
tous contraction of a very interesting field of research to 
limit our inquiries into the effects produced by subter¬ 
ranean movements on the deposition of stiata, if we did 
not take into consideration the peculiarities of mineral 
character belonging to the several systems of marine 
deposits, the alternations of marine and fresh-water 
roeks, and the successions of races of organic beings. 
What dependence there may be between these pheno¬ 
mena on the one hand, ami subterranean movements on 
the other, will undoubtedly be revealed by the progress 
of imliielive Geology, and results of a very interesting 
kind will How from such a discovery. At present, we 
can only sketch a dim outline of a subject us yet scarcely 
emerging from obscurity. 

Mineral Characters of the. Systems of Strata. 

Actual pro- Sedimentary deposits, whether they are occasioned 
nature l * ,e net ion of streams und floods from the land, 

or of tides and currents in the Ocean, have a mine¬ 
ral character depending on the nature of the mate- 
tials acted upon. The same great stream may, accord¬ 
ing as its different feeders predominate in their action, 

. deposit materials of different quality ; there may be iu 
such deposits effects depending on the geasou of the 
year, but all such differences are periodical, and n series 
of alternations of given mineral aggregates is the result. 

Th* action of the tides in a certain direction, is also 
liable to periodical variations of intensity; the coasts 
worn by tides may be unequally affected at different 
times, and the accessions of materials from the land may 
be irregular; still these minute inequalities are almost 
wholly lost when we contemplate the average results of 
a long-continued course of the same tidal action. 

Deep-sen currents, so long as they follow the same 
channels, can hardly be supposed to produce any but 
•very unilbrm admixtures of sedimentary ingredients. 

When, therefore, we find a series of sedimentary strata 
to‘consist of repetitions of the same materials, or of re¬ 
curring alternations of different materials, the whole is rea¬ 
sonably referred to a series of the same, or similarly alter¬ 
nating effects of watery action upon the same tract of land, 
the same line of coasts, or the same channels of the sea. 

On the contrary, the suppression of one class of de¬ 
posits, and the production of another, clearly marks 
out to us that the water has ceased its action on the 


land, coast, or Ocean bed, which it formerly wasted, and Geology, 
transferred its attacks to u new quarter. Cli. IV. 

it was not the perception of these simple laws of mo- “v”®*"" 

dern nature but a clear recognition of their effects in 
older periods, that led Geologists to agree in classing 
together portions of the innumerable layers or stiata 
into certain groups or formations, according as they 
are identical or analogous in their nature, very gra¬ 
dually change from one to another, or consist of a M-ries 
of recurring mineral terms ; and in dividing these gtottps 
at the points where new terms appear and old ones are 
suppressed. Thus the suppression of red marl, and the 
introduction of blue clays, marks the lioumiuty of the 
saliferous and oolitic formations; the suppression of 
oolite, and the introduction of green sands, marks the 
limit of'the oolitic and cretaceous formations. 

Whatever view we adopt of the origin of sedimentary m ,; n , r . 
rocks, there can lie no doubt that, even from the earliest sal strata, 
geological period, the bed of the sea must have beet, 
composed iu different regions of different materials; 
this must have been the case, even if we carry back our 
thoughts to that remote epoch where we may suppose 
that nothing solid existed at the surface of the Globe, 
except the products of heat ; for these, iu fact, contain 
nearly all t lie varieties of minerals, and nearly all the 
elements of the composition of stratified rocks. The 
very earliest limitations winch we have yet succeeded iu 
tracing, exhibit themselves in two very distinguishable 
masses ; the gneiss and mica schist system oil the one 
hand, and the clay slate system oy the other. When, 
by the partial elevation of these reeks above the level of 
the sea, the Ocean was divi led into separate parts, local 
differences of the sedimentary, and even chemical depo¬ 
sits, must speedily have resulted ; und as the extent of 
■'tilid increased iu nny particular region of the Globe, the 
deposits in the residuary seas there.dioul must necessa¬ 
rily have become more and more dissociated from those 
of other regions. 

It is, therefore, very evident that there can he no uni¬ 
versal strata ; that during the greater part of the geolo¬ 
gical periods, roeks ot very different nature may, and, 
indeed, must leave been contemporaneously deposited; 
although, according to the circumstance of the cases, 
the peculiar products of out; region may have been, by 
oceanic currents or other causes, mixed with those of 
another, and so a continual or interrupted analogy be¬ 
tween the series of strata in each maintained. 

We have uow arrived at the point when tlieconrdination Changing 
of the diversity of sedimentary aggregates iu a given sediment* 
oceanic basin with subterranean movements, and the 
de]xm<leuce of the former cm the latter, may be pre- (' L . l rr . lI ^ 1 ' ll 
sented in the form of u very probable inference. Geo- „iuv«- 
logists have long been accustomed, while reasoning on meats, 
the phenomena of tertiary rocks, to recognise the prin¬ 
ciple of the dependence of the local difference between 
contemporaneous strata in different basins upon the 
physical structure of the region from which the mate¬ 
rials of these strata were derived. It has been already 
shown that the successive diversity of strata in the 
same busin can only be understood by admitting that the 
different sediments were brought from different regions; 
it is evident that for this end the drainage* ot the laud, 
the flow of the tide, or the direction of oceanic currents, 
must have been changed ; this can only he ascribed to 
an alteration iu 'he local relations of land and water, 
that is to say, to subterranean movements. 

When this change of the sedimentary deposits is sud- 
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den and complete, we may generally feel assured that it 
is owing to violent subterranean movements, which have 
opened a new communication with the basin ; the exact 
site of the centre of convulsion may perhaps not be as¬ 
certainable, though in some particular instances the di¬ 
rection of the new currents may be inferred, ami thence 
their local origin conjectured. When the changes of 
sediment are gradual or alternate, we must apply cor¬ 
responding inferences with greater caution. 

In some cases slight movements might accomplish 
great changes in the nature of the deposits. Tile map 
of the terraqueous Globe shows us how easily, at parti¬ 
cular places, the waters of different oceanic till'd might 
be brought into union by the lowering of an isthmus or 
the opening of a strait. If the Mediterranean were con¬ 
nected through the lied Sea with the Indian Ocean, 
would not the deposits in each of them be reciprocally 
iuflitciiml ? Such internal movements ns might occasion 
this appear trifling when compared to the disturbances 
which wc Know to have been many times effected within 
i lie range ol geological chronology. 

Successive Races of Marine Animals. 

If, in consequence of internal movements, a given 
bavin was opened to the reception of currents and sedi¬ 
ment from a new qnaiter of the Ocean, it could scarcely 
happen otherwise than that a change should arise iu 
the inhabitants of that basin, liy the extinction of some, 
and the introduction.of other species. If we except the 
earliest series of fossiliferous deposits, there is nothing 
in Geology to indicate that the distribution of species 
over tile Globe was regulated by different laws from 
those which now prevail; the superficial temperature of 
the Globe was perhaps more equable, and for this reason 
organic forms might be more extensively distributed, 
there might he less local distinction than at present, but 
yet encli species had its definite boundaries, and dif¬ 
ferent regions were characterised by peculiar races. 

Upon the establishment of a communication from one 
such region to another, there must necessarily be a 
tranfercnce of organic life, at least in one direction, ac¬ 
cording to the locomotive habits of the creatures, and 
the intlucuee of currents upon them and their ova, and 
other circumstances. 

It was with this in view that the passage (p. 553.) relating 
to the succession of races, corresponding to successive 
deposits, on a given part of the Ocean beds, was written. 

lloiv remarkable is the coincidence of great convul¬ 
sions, decided changes of mineral aggregations, and 
substitution of new organic remains, needs only to be 
mentioned ; for these throe orders of effects are all 
combined in modern Geology to characterise the groups 
or systems of stratified rocks. 

Fresh-water and Marine Alternations. 

Few geological phenomena declare more plainly their 
dependence upon ancient convulsions than the alterna¬ 
tions in a given basin of strata, of fresh-water and ma¬ 
rine deposits. Not that in every case where we see 
fluviatile or even lacustrine shells alternating with ma¬ 
rine exuvi®, wc must suppose the levels of land and 
sea to have been changed, because at the mouths of 
some rivers this might happen from the bursting of a 
lake, a violent inundation, or even the natural course of 
things ; but when, ua in the coal field of Yorkshire, over 


the marine deposits lies a great moss of matter derived Geology, 
from the hind, nnd in this a particular layer of marine ^ h - • 

exuvi® ; when, as in the Weald of Sussex, we observe 
above the marine deposits of the oolites a great thick¬ 
ness of fluviatile deposits covered by marine green sands; 
or, as in the Isle of Wight and the basin of Paris, see 
really lacustrine ninrlsand limestones interposed among 
really marine strata; tile conclusion seems inevitable 
that these arc effects of changes in the relative level of 
laud and sea. It would, however, be too much to as¬ 
sert iu every ease that the internal movements were 
centred near the places where we witness some of the 
effects; on the contrary, we may perhaps probably often 
be merely looking upon the consequences of convulsions 
which happened at great distances of space, and which 
produced near their centres of action wholly different 
phenomena. This mode of interpretation applies very 
well to those instances in which repeated alternations 
of marine and fresh-watcr productions occur without any 
indications of corresponding local disturbance. (See 
p. 591.) As an example, we tnay cite the marine la¬ 
custrine formation of the Isle of Wight, (p. 674.) 

The Weald of Sussex. 

One very obvious effect of convulsive movements, AnyUc-iion 
whether sudden or gradual, must always be a more ra- a ctse 
pid rate of waste, both in the land and along the coasts, 
than usual. It will, no doubt, be possible hereafter to 
draw from the varying rate of sedimentary aggregation 
in a given basin, some important evidence concerning the 
amount and duration of the internal movements which 
caused a more than ordinary accumulation of materials 
in the sea. 

By combining with this the results of an inquiry into 
the local site of the convulsion, its inferred from the di¬ 
rection of new sediments, wc may eventually be able to 
point out, witli more or less probability, the original sites 
of these materials, and thus show how in ancient periods 
the wasting of tine given tract of elevated rocks, has 
contributed materials for the accumulation of new depo¬ 
sits in the sea. 

So long as, in the prosecution of tiiis research, we 
confine ourselves to the methods of the inductive philo¬ 
sophy, our progress will be real though slow ; new cir¬ 
cumstances V'ill arise to quicken the process and solidify 
the results, and light will gradually break in upon the 
j’ct obscure problem of the physical geography of early 
geological periods. t . 

Mr. Lyell’s persevering investigations into the his¬ 
tory of the tertiary strata have produced a very remark¬ 
able attempt to determine the local origin of the mate¬ 
rials of the English terliaries, and the local scat of the 
corresponding subterranean disturbances, 

The geographical relation of the anticlinal axis of 
Sussex and Hampshire to the tertiary deposits on either 
slope, has long fixed the attention of Geologists: it 
was proved by Dr. Buckland, thnt the tertiary basins of 
Hampshire and London were once, at least, partially 
connected ; it was known that the first deposits above 
the chalk were such ns to indicate prolonged action of 
agitated waters, that the subterranean surface of the 
chalk was uneven, and that among the tertiary deposits 
were abundance of pebbles apparently derived from wa¬ 
ter-rolled chalk flints. 

Mr. Lyell supposes that “ the chalk of the South-East 
of England, together with many subjacent rocks, may 
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have remained undisturbed till after the commencement 
of the tertiary period. When at length the chalk was 
upheaval! and exposed to the nation of the waves and 
currents, it was rent and shattered, so that the subjacent 
secondary strata were exposed at the same time to de¬ 
nudation. The waste of these rocks, composed chiefly 
of sandstone and clay, supplied materials for the tertiary 
sarnls and clays, while the chalk was the source of the 
flinty shingle, and of the calcareous matter which we 
find intermixed with the London clay. The tracts now 
separating the basins of London and Hampshire were 
those which were first elevated, and which contributed 
by their gradual decay to the production of the newer 
strata. These last were accumulated in deep submarine 
hollows, formed probably by the subsidence of certain 
parts of the chalk, which sank while the adjoining tracts 
were rising.” (Principles of Geology, vol. iii.) 

Without following the range of ingenious arguments 
employed by Mr. Lyell in fortifying his hypothesis, we 
shall notice the facts which seem most clear in their 


evidence, and which can be interpreted without theoreti¬ 
cal assumptions. 

, 1. It is certain that the Wealdcn Country, with some 

stances fn- °*her tracts in the South ol England, has been uplifted 
vouriilili- to by subterranean movements, independent of that gene- 
Mr la ell's ral rise of the whole of the Eastern part of the Island 
vll " , ' r- before adverted to. (p. 788.) Whether this was ac¬ 
complished by one or many successive movements can¬ 
not be decided by direct evidence; it would appear, 
however, that the convulsion was not ended till after 
the deposition of the whole rnaiine tertiary series. 

'2. It is undoubted that the upper secondary strata 
disclosed in the Weald once extended much Anther to¬ 
wards the central axis, and have been exposed to enor¬ 
mous waste and denudation. There is nothing to 
negative the opinion adopted by many Geologists, that 
the whole of the urea inclosed between tbe North and 
South Downs was once completely covered over by the 
chalk and the subjacent green sand system; but this 
ail mission is not really necessary to the hypothesis. 

3. The tertiary basins oil the Northern and Southern 
sides of the axis of elevation ol the Weald, contain nearly 
the same kinds of sedimentary deposits in the same order 
of succession, so that both of them must certainly have 
been influenced by the mechanical agency of water, 
flowing under nearly the same conditions, frim the same 
physical region, or from regions consisting of the same 
materials equally exposed to aqueous erosion. 

4. llie materials of the tertiary strata, in the basins 
of London and Hampshire, are analogous to those which 
have been removed by denudation of the Weald ; since 
they consist of various coloured sands, which may he 
imagined to he derived from the green sands and 
Hastings sands, and of days whicli may be supposed to 
have been furnished by the Gault and Weald clays, and 
contain pebbles which are allowed to be rolled chalk 
flints. 

If we could venture to add to these statements, that 
the .order of succession among the strata of the tertiary 
series was exactly that of the successive emergence of 
the chalk, green sands, Weald clays, and Hastings sands, 
the hypothesis would stand on much firmer basis than is 
afforded by the above favourable circumstances. Alter 
an impartial consideration of the case, we have not been 
able to trace such a clear dependence of the successive 
members of the tettiary scries upon the nature of the 
secondary strata successively wasted, as is implied in the 
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hypothesis, flint the gradual wasting of the Weald has Ueotoer. 
furnished the materials for the gradual filling up of the <'*>• IV. 

basins of London uml Hampshire. 

Chalk, the secondary stratum Habit* to be first wasted, 
and consequently to yield the materials of the lowest 
tertiaries, has furnished only a mass offlmts interspersed 
among the variegated s.imls and clays, (with very little 
calcareous matter,) such us might claim origin from 
those strata of the Weald which were the last to undergo 
the influence of littoral agitation. Tin* lower group of 
the Weald should have left a predominant mass of sands 
above the other deposits in the tertiary basins. 

It may be replied, in favour of the hypothesis, that the 
fine particles of chalk might remain suspended, or be 
entirely dissolved in the water, until the period of the 
formation of the London day, which is partly calcareous; 
that the coloured sands associated with flint pebbles were 
derived from the green and iron sand groups; and that 
the uppermost deposit of the tertiary groups may have 
consisted of .sand which lias since been removed. 

Perhaps the most formidable of this class of object ions 1'rim-ip.xt 
is the total and ahsoln/e deficiency of any of the organic d'jectiim t« 
remains of the Wealdcn rocks (except in rolled chalk ‘ t- 
(lints) in any of the tertiary deposits in question. This 
applies especially to the tumultuous deposits of sand and 
shells which lie above the chalk ; for here surely some 
of the numerous organic fossils of the green sand system, 
or some lew fragments of the rocks, of the Hastings 
sands, with plants, shells, or bones, should have been 
found. 

Some recognisable specimens of the shelly marbles of 
the Weald day ought, in some one locality or other, to 
have been discovered in the argillaceous beds which 
form u pndominant feature in the (eitiaiy basins. If it 
he remembered, that we are here speaking of very con¬ 
tiguous districts; that the distame whicli the materials 
can be supposed to have been removed is only a small 
number of miles; and that it is mutter of common ob¬ 
servation, that by some currents or other, whether dilu¬ 
vial or alluvial, of transient or prolonged duration, vast 
quantities of organic remains, separate, or imbedded in 
recognisable masses of sandstone, limestone, shale, anil 
ironstone, have been drifted fitly or one hundred miles ; it 
must be allowed that the total absence, from the tertiary 
strata, in all situations yet examined, of any fragments 
of the Weulden rocks or fossils, is a very serious difficulty 
to the reception of an hypothesis which derives the one 
from the other. 

General View of the Stale and Prospects of Geology. 

A review of the preceding pages offers abundant proof 
that Geology has escaped from that critical stage through 
which all Sciences, founded on observation, must pass— 
flic stage of speculation and dogmatism. If it has not 
yet arrived at the dignity which is conferred upon Induc¬ 
tive Science, by the establishment of very general laws, 
binding together a mass of dependent phenomena, it is 
enriched with many valuable generalizations, provided 
with powerful means of further investigation, and guided by 
distinct landmarks over a wide field of original discovery. 

Geology is dissociated from Cosmogony, und we arc no 
longer made to perplex our minds with " thoughts heyoiul 
the limits of our frame,” no longer required to accept an 
explanation of ir turul phenomena, founded on a viola¬ 
tion of the laws of Nature. Leaving the impossible pro¬ 
blem of the creation and first disposal of the matter of 
b l 
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Geology, the Earth to those who may think there are means of 
t . solving it, but ascending beyond the short annals of 
* ' the human race to the contemplation of the cnrlier 
epochs of the World, Geologists endeavour to discover 
the series of revolutions which have affected the Earth, 
by deciphering the monuments which they have succes¬ 
sively left. 

Men may be as soon reclaimed from barbarism, and 
raised to the summit of civilized excellence, as philoso¬ 
phers induced to nhundon the sweet paintings of theory 
tortlie bard outlines of fact.; and though in the success¬ 
ful career pointed out and followed by the Geological 
Society of London, the principle of fact before theory 
has been generally acted upon, it is difficult to repress 
the impatience which would rather mingle truth and 
fiction in a bold conjecture, than patiently separate the 
gold from the dross by the regular process of analysis. 
The opinion has been expressed by high authority, and 
seems to be gaining ground, that tile time is arrived for 
the intervention of theory, to arrange the vast muss of 
facts which at present constitutes positive Geology, and 
to indicate the lines of further progress toward higher 
points of knowledge, ft is, however, to be supposed, 
that few will obey this premature call for theory, who 
are aware of the many unfinished inquiries and vague 
generalizations which must be settled before even a pru¬ 
dent speculator would venture to commit himself to the 
tribunal of Inductive Philosophy. 

State of ge- We have now assembled many data for a theory ; but 
illogical in tlie very labour of collecting them, men ftave gradually 
tlicury. acquired what is more valuable, a habit of limited gene¬ 
ralization, and of continual appeal to the progress of 
collateral evidence in uuiblding the laws which govern 
material nature, which at once restrains the presumption 
of the writer and the credulity of the reader. Under 
these circumstances the progress of the Science is not 
doubtful, and all that can be reasonably attempted to¬ 
ward the foundation of a theory of the Earth, is a review 
of the bearing of the facts already ascertained, on some 
of the leading problems involved in geological specula¬ 
tions : we shall thus learn what knowledge we have 
gained; what inferences it will support; how that may 
be augmented, and these corrected. 

Lapse of Time. Geological Chronology. 

All the thoughts of men are so inseparably associated 
with the idea of succession, that the knowledge of any 
physical fact is never satisfactory unless the time of its 
occurrence be given. The historical period of an occur¬ 
rence is determined by reference to other events, whose 
place in the series of recorded human actions, or natural 
processes, is known. The chronology or fixing of the 
year in which any event took place is an admirable con¬ 
trivance, the fruit of enlarged Science, which has found 
the means of referring all historical events to an inde¬ 
pendent and permanent natural scale, the movements in 
the Solar system. No person proceeds many steps in 
Geology, without feeling the want of some historical 
scale of successive phenomena, in which to interpolate 
new terms of the scries; and though this want is to a 
certain degree generally, and for particular regions of 
the Globe perfectly, supplied by tables of the superposi¬ 
tion of strata, we still flud ourselves impelled to attempt 
the reduction of this historical scries to the independent 
scale of chronology. 

This difficult problem ims never been fairly entered 


upon, except in the particular case of the diluvial and 
alluvial deposits. Those who admit the identity of the . 1*’ _ * , 
diluvial currents of Geologists and the Noachian flood, 
and suppose, with Cuvier and De Luc, that this was “ the 
last great revolution affecting our Globe,” may be ex¬ 
pected to feel some anxiety as to the number of years 
which, on natural, that is to say, geological evidence, 
can be reasonably supposed to have elapsed since that 
event. In such inquiries the growth of the deltas of the 
Nile, the Po, and other rivers, the movement of the 
sands of Libya, the excavation of river-courses, may all 
be employed according to the views of the writer. 

Always it is to be remembered, these calculations admit Superficial 
ns a principle the uniformity of natural superficial agen- de l Kl *‘ 111 - 
cies since the diluvial period, and that period is geolo¬ 
gically defined with more or less certainty; from such 
data consistent results seem attainable. There are, how¬ 
ever, difficulties in estimating the amount of mechanical 
effect performed, not easily overcome. In the case of a 
delta, the materials may have fallen into water of un¬ 
equal or unknown depth, and have been exposed to 
waste by currents of variable force; the movement of 
sands must he yet more capricious; the time employed 
in the recession of the falls of the Niagara from Lake 
Ontario to Lake Erie, has been estimated by Mr. 

Lyell at 10,000 years, by Mr. Fairholmc at 5000; 
five or six thousand years is the vague conjecture, rather 
than conclusion, of Cuvier, of the time elapsed since the 
“last grand catastrophe;” and ingeneral it must be owned 
that the methods of arriving at these conclusions have 
very little of accuracy to recommend them. 

Those Geologists who admit the excavotion of valleys 
by a force of water greater than what now passes down 
them, may lake the dulc of the denudation of these as 
an era, and compute the time elapsed iu the subsequent 
excavation of the river bed, in the partial or complete 
filling up with sediment of lakes along its course, and in 
the retrocession of waterfalls along the main or branch 
streams. Few persons, however, who value an arithme¬ 
tical result for its precision, will proceed to the calcula¬ 
tion without more information of the rate of these opera¬ 
tions than is at present attained. 

The fossil elephant, and other animals whose remains 
lie buried in gravel and other deposits called diluvial, 
belonged to a system of organic life, which, for some 
limited period prior to and during the era of those depo¬ 
sits, was established over a large part of the surface of the 
Northern hemisphere. This is termed by many Geologists 
the autcdiluvial period; some intending by this, nothing 
more than to mark its relation to the era of the “ dilu¬ 
vial” currents, thus adopting the term from comparison 
with Scripture History. This is, properly, a terrestrial 
period, and we have shown the difficulty of defining its 
limits towards the tertiary period, which is, properly, a 
marine period, (p. 671.) The lacustrine tertiaries here 
become almost our only safe guides, and they teach us 
that during the tertiary period an earlier group of ex¬ 
tinct animals, the palseotheria and their congeners, inha¬ 
bited the same tracts of the Globe, As those which after¬ 
wards nourished the mammoth and mastodon. We 
arc absolutely without any means of estimating in years 
the length of the interval between the era of the palaotheria 
buried in the Paris basin, and that of the elephants which 
are entombed in gravel deposits. The small extent of 
alluvial and lacuBtriftedeposits of this period may perhaps 
justify a conjecture that it was of short duration, as 
compared to the postdiluvial period; but this view must 
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Geology, not be adopted by those who attribute to the diluvial 
Ch.Iv. currents the excavations of valleys and other extensive 
alterations of the surface; because such a deluge would 
sweep away most of the traces of antediluvian lakes. 

If the difficulties experienced in attempting to chro¬ 
nologize the terrestrial phenomena of the later geological 
peritids have been sufficient to deter nearly all prudent 
and exact writers from venturing to give more titan an 
illustration of the kind of reasoning to be employed, it is 
no wonder that for the long series of successive marine 
strata the attempt has been almost absolutely abandoned. 
It is doubtful whether we ever shall arrive at more than 
plausible inferences concerning the time elapsed in the 
production of the stratified rocks; yet as the consider¬ 
ation of this subject can be prosecuted in a strictly phi¬ 
losophical spirit, by the help of several satisfactory ana¬ 
logies, and as at all events Use historical succession of 
the phenomena is either perfectly known or capable of 
becoming so, it appears an equally useful inquiry as that 
relating to the subsequent terrestrial periods. 

OM strati- To determine the length of years required for the 
liwl di-po deposition of all the stratified rocks under the circiun- 
stances in which they are observed, requires a knowledge 
of the number of repetitions of similar phenomena, and 
of the rate of their occurrence. In the Geology of stra¬ 
tified rocks several independent series of phenomena 
occur, each of which may be subjected to this examina¬ 
tion. Of these we may notice:— 

1. The mechanical deposition of sands, clays, conglo¬ 

merates, Stc. 

2. The chemical deposition of limestones. 

3. The periodical alternations of the laminae or strata 

of clay, sand, limestone, &c. 

4. The growth and decay of organic beings then living 

in the sea. * 

5. The successions of races of organic beings in the 

same parts of the Ocean. 

6. The succession of convulsions. 

7. Tiie alternation of marine and fresh-water produc¬ 

tions. 

8. The alternation of marine and igneous products. 

9. The metamorphism of rocks, fossils, &c. 

1. Mechanical deposits of sand, clay, &c., take place 
only in consequence of degradation or waste of some 
region of the Globe, followed by a removal of the mate¬ 
rials to some place of comparative tranquillity. Inter¬ 
mitting actions of this kind usually produce laminated 
deposits, and if the materials be of different kinds 
these may alternate in the sediment. In some valleys, 
every inundation leaves a thin layer of sediment; the 
number of inundations ought thus be counted since any 
given date, and the number of years nearly ascertained. 
Analogous effects happen along those coasts where the 
tides deposit sediment; we see the same effects in 
many of the sandstone and day strata which were accu¬ 
mulated in estuaries. 

Some of the flagstones of the coal measures are com¬ 
posed of frequent alternations of rolled grains of felspar, 
quartz, and mica, which may estimated to occupy 
not more than one-twentieth of an inch in thick¬ 
ness. Tsking the thickness of the rock at 40 feet, we 
shall have 9600 layers, each of which marks an inter¬ 
rupted action. Let this be supposed to be the tide, 
allow that every tide deposited one layer, equal to about 
700 per annum; this will occupy 13£ years. As far as we 


can ascertain, the other sandstones of thecoul tract were Geology, 
accumulated in the same maimer, though only a few of Ch. IV. 
them are micaceous enough to show this minute lamina- Nl — y * 1 
tion. The thickness of the Yorkshire coal measures is 
about 3000 feet, half ol this may be considered ns snnd- 
stone equal to 1500 feet, which, according to the above 
calculation, might be deposited in about 500 years. If we 
suppose the accumulation of the alternating clays to have 
been ut the same rate, (there is good reason to admit 
this,) the whole period occupied in the deposition of the 
coal measures would be 1000 years. 

It is perhaps unnecessary to say, that the assump- Mechanical 
tion of each lamina marking the action of one tide is per- ili-posits. 
fectly gratuitous, and has been adopted merely to give, 
a specimen of the mode of calculation which must be. 
employed if we wish to state the probuble extent in years 
of a given geological period. Conglomerate rocks pre¬ 
sent a most convincing proof of the considerable periods 
which sometimes intervened between the deposition of 
two stratified rocks in contact and immediately suc¬ 
ceeding one another. These rocks of turbulent origin 
are locally distributed, so us to be in some parts enor¬ 
mously thick, and in other places almost or entirely defi¬ 
cient. The old red sandstone conglomerate, for example, 
usually separates by a great thickness the grey wacke slates 
from the superincumbent carboniferous limestone. In 
Herefordshire and Radnorshire, this series of rod sand¬ 
stones and conglomerates is many thousand feet thick, 
but in the greater part of the Cumbrian mountain tract it 
is absent, and the limestone and slate are in contact. I ii 
this case, it would be a great error to suppose the de¬ 
position of the limestone to have been immediately con¬ 
sequent on that of the slate. In fact, that very district 
gives proof that a period of violent watery tumult inter¬ 
vened, during which the slate rocks were broken up and 
rolled to pebbles, and reconsolidated into a thick con¬ 
glomerate. The rale of this process can only be con¬ 
jectured, by comparison with the production of pebbles 
by the diurnal processes of tides, rivers, and local iiiun- 
dnlioifa. When, as in the Iligi, wc find rolled masses of 
conglomerate containing rolled pebbles; in the old red 
conglomerate of Cumberland masses of the prcconsnlj- 
dated slate ; in the new red conglomerate of Westmore¬ 
land fragments of the mountain limestone with organic 
remains which have undergone their usual chemical 
conversion ; enough is known to prove, to a mind not 
wholly blinded by false views of Science, that the monu¬ 
ments left for Geology to decipher carry back the His¬ 
tory of the Earth to periods when man and his works 
existed only in the long foreknowledge ofhis Maker. 

2. Chemical deposits of limestone.—It is difficult to Chemical 
fix upon auy method of estimating in years the time re- ilepuaita. 
quired for the deposition of a given mass of limestone. 

It is useless to refer to instances of the production of 
limestone from springs, in fresh-water lakes, in estuaries 
or coral reefs, unless the circumstances under which the 
older calcareous deposits were made are similar, a case 
seldom to be proved. The following process, founded on 
the statements in p. 551, appears the least objectionable. 

It is certain that while the sandstones, shales, coals, 
and thin oolitic limestones of the North York moors 
were deposited upon the lias, a deposit almost wholly 
calcareous was occasioned near Bath. The whole time 
consumed was the same in each locality ; we may there¬ 
fore perhaps infer the comparative rate of deposition of 
the oolite and the sandstones. The total thickness of the 
mass in Yorkshire is about 750 feet, of which about 20 
5 i 2 
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may be called limcslonp ; of that near Bulb ISO of which 
nearly half is sand and day with calcareous matter inter¬ 
spersed. lienee we have the proportion of tlneo leel of 
sandstone deposited in the same time as one ot limestone. 

Another instance is ullbrded by comparing the sec¬ 
tions of the lower carboniferous limestone, in Derby¬ 
shire and in Tynedalo. In the former tract we tnay 
lake 750 feet as the thickness of limestone, with no ad¬ 
mixture of sands or clays; in the latter, the contempo¬ 
raneous strata nro at least 1750 loot thick, and contain 
367 feet of limestone, and 1283 feet of sands and clays, 
&c.; consequently, 383 of limestone correspond in time 
to 12H3 of sands, days, and coal, or 1 to 3.3. 

3. Alternation of chemical and sedimentary deposits.— 
There is undoubtedly a periodicity in these alternations, 
hut we are not yet in a slate to draw any inferences, as 
to the cause of the recurrences, much less as to the 


have been sweptdown to their present situations by land 
Hoods, the result as to our present argument is the same ; 
the accumulation of transported sediment must have 
been so rapid as to prevent the decomposition of the 
coilical portions of the plants, the wearing away of the 
superficial structure, or the bending of the stem beneath 
currents of water. No one doubts that the bed of 
stone three feet thick, which encloses equiseluin colum- 
narc at High Whitby, was laid by a single inundation; 
we will suppose it an annual occurrence; the other 
sandstones and shales of this series must have the 
same rate of origin ascribed to them ; this would give 
for the formation of the oolitic sandstones and shales in 
the North York moors u period of 150 years. About 
the same, or a slower rate of formation, may be sup¬ 
posed for the case of sigillaria in the rial sandstones 
of Yorkshire ; for these stems, when above two or three 



length of their periods. 

Organic re- 4. Imbedded organic remains.—fn viewing the shells 

mums. distributed in rocks, we sometimes perceive,amongst a 
laige collection of them from a given stratum, a com¬ 
plete scries of forms from the youngest to the full grown 
shell; and this may be a means of calculating the lapse 
of time during the accumulation of a given thickness of 
rock more exactly tlu.ii by any other. A thickness of 
calcareous shale, not exceeding one foot in the Yorkshire 
coal field, holds individuals ol ammonites Listen of every 
magnitude between a pin’s head and an orange; it is not 
to be doubted that they lived where they are found; and 
as not one example of this species is known in any other 
stratum in the neighbourhood, it seems correct to admit 
that, during the deposition of that small inass of shale, 
so much time elapsed as to allow of the growth to full 
maturity of a long-lived eeplinlopodc. The only other 
supposition which can be entertained, is that they were 
introduced alive by a transient irruption of the sea into a 
fresh-water basin, and there quickly entombed. 

It is to be regretted that the age of shells lias been 
very little inquired into among collectors. Both cou- 
chilera mid inollusca are probably, in general, long*lived 
animals. 

The immense number of shells occasionally buried in 
a rock is sometimes appealed to as a proof ol the length 
of time consumed in its production ; but this is a very 
unsatisfactory argument. Those who have witnessed 
the amazing increase of cyelas rivicola in the canal near 
Leeds, orot iiiiioncsaiidaiiodonlesin many sluggish rivers 
near the tideway, huve. walked among the numerous 
shells on the coast of Ayrshire, or the crowds of lellime 
thrown upon the Filey sands by a single tide, will not 
permit to Geologists the use of such a fallacious infer¬ 
ence. This immense abundance of fossils is often a 
local phenomenon in the rock, and one which, when 
better understood, will aid materially our conceptions 
of the agencies which were concerned in its accumu¬ 
lation. 

The nearly vertical position of certain fossil plants, a 
phenomenon by no means rare among sandstone rocks, 
alTords good ground for caution in assigning very great 
extension cf years to geological periods. The steins of 
cquisela in sandstone ol the oolitic era, (page 625,) of 
sigillaria in sandstone of the coal series, (page 596.) of 
dicotyledonous wood in limestone of the Isle of Pur- 
beck, seem to teach us iu plain terms that the accumu¬ 
lation ot these rucks was not of that slow and insensible 
kind which,is often attributed to them. Whether we 
suppose them to be in their place of growth, or to 


feet long and nearly vertical, pass through more tl.u.i one, 
sometimes (bur or 'ive beds of stone. (Altofis near 
Wakefield.) 

5. Successions of races of organic beings in the same Suchm 
parts of the Ocean.—The succession of different races ■* 1,1 ‘an¬ 
organic beings in the simie parts cf the Ocean, is one 
of the leading facts which speak the most impressive, 
though not the most exact, language on the subject of 
the long duration of geological periods. For, whether 
we consider those eases iu which the extinction of old 
and the introduction of new species w-is gradual, or 
others when the changes were sudden and complete, 
nothing that wi know of the actual con.uitiitio’i ol Na¬ 
ture will justify us i M admitting that these revolutions iu 
the animal world followed quickly one after anotner. 

We are impelled to conclude that,, for the existence ol 
any given race, consisting of thousands of individuals of 
many hundred species, imbedded in .m.iy different 
kinds* of rock, in dii linguishable groups new ding to 
their habits of life, -i long time must be allo-vvl o. else 
the whole constitution of Nature was it a of lb _ed 
acceleration, so that ,.e work of ages vva 1 - ciowd-d i„to 
years. Whether we suppose th.it m.»v spee'es were <ou- 
temporaneously created in all the situations where .hey 
lived and died, or distributed from one local origin over 
the sea. or transported by currents from other oce-mic 
centres of life, no one who considers 'he stability of the 
actual system of watery life, will be easily persuaded 
to believe that these prodigious changes were operated 
over a large part of the Globe in times that cun be in¬ 
cluded within such narrow limits as those of- human 
experience. Yet who will venture to translate the vague 
and almost poetical visions of long duration, which the 
contemplation of many repetition,! of these loc..l revivals 
of Nature so powerfully awakens, into the language of 
chronology? It is evident that the day is not yet ar¬ 
rived, or rather it is gone by, lor dogmatizing about the 
antiquity of the crust of the Globe. 

0. The successions of convulsions iu the same phy¬ 
sical region may be very properly mentioned us a vague 
indication of the lengths of geological periods-; but 
cannot at present be employed in a more exact maimer 
to determine their duration. 

7. The alternation 'of marine and fresh-water pro¬ 
ducts is another of those grand phenomena, which, 
whether rightly or not, is sure to make a deep impres¬ 
sion on the mind ; though the rarity of the case, and our 
ignorance of the principal efficient circumstances, must 
wholly exclude it from ainoug the data for accurate cal¬ 
culation of geological time. 
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Gc-oloj'y. S. The .same may be said of llie alternation of tupie 
Ch. IV. cus and igneous products. 

t). The metamorpliism of rocks, &e., in consequence 
of the local or general effect of heal, may possibly one 
day be sufficiently understood to permit some attempt 
towards determining the intensity and rate of the com¬ 
munication of heat, and thus more or less directly bear 
upon the question of time. The chemical changes of 
organic remains are evidently less related to time than 
to other circumstances, such as, the original nature of the 
body, the sort of substance in which it is imbedded, 
ami proximity to sources of mineral impregnation, whe¬ 
ther by aqueous or igneous solution, or electrical transfer 
of solid ingredients. 

uceessive Conditions of the Globe. 

The c.tijtvt of geological researches has been till 
latch ter !i:'V understood by those not directly con- 
vrv-'Mt wi". tuc Mihjiit; and even professed Geologists 
do in' 1 ;.!iv a'' restrict liieir inquiries within just hounds. 
<1 is difficult lor n speculator to believe that Geology 
iit y become a very important branch of natural Science, 
though ii should wholly disclaim the investigation of 
-'rolilems conct riling the creation or concentration of 
* he matter of the Glohe, or (lie estabbi-hment of the 
Jaws of the universe. To know the successive changes 
when 'he Globe has undergone, and thus to trace a 
rcir-'sjie live outline of its successive conditions, is 
actually nt<tmptcd by Geologj ; but the very processes 
employ d in this enterprise aie founded upon the re¬ 
cognition of the existing laws of Nature, and altogether 
'"vriiulc ill 1 pepulat notion of a chaos, and the philoso¬ 
phic il hypothesis .if u solid Globe condensing' from an 
at'iin-phc-ic exnatiMou. 

I bidorbu illy the progress of legitimate Geology teaches 
.! • that Ihc '.a'ue lows of Nature have operated bn this 
1 ilone u..;!cr vc;v d. lent circtimstances, as to tempelu- 
mii", ivlation ■! laud and -.c.i, animal and vegetable lile, 
and i lai.c other lliings ; ■ ml il i- become a proper pro¬ 
blem lor Geology to dismver these eireuinstanees. fn 
‘.tiis point of view, the reflections of Leibnitz., and the 
matinmatical ffiboms of Laplace and the astronomers, 
become vif great value, since they help to iix conspi- 
■ coons landmarks for the guidance of the surveyors in 
this huge field of Science; but let no one ilelude himself 
with the notion of discovering, by geological processes, 
the emerging of the harmoniously adjusted teriaqueous 
Globe*from a former state of chaos. It is certainly not 
a philosophical, and surely cannot be thought a reli¬ 
gious lotion, that man shall c;cr discover among the 
works of God, the traces of a period when his divine 
attributes were fl>\st awakened to rescue his creation 
from anarchy. Geology takes for granted the existence 
and olleclion of the matter of the Glohe, with its super¬ 
natant. Ocean, aud its enveloping atmosphere. Except 
in the degree of influence which circumstances permit 
’them to exert, it takes for grauted the uniformity of 
action of all material causes. The investigation of 
miracles cun never be admitted into natural Science. 

The dimensions of the Globe have remained constant 
since the days of Hipparchus; (born 160 n.c.) for 
Laplace has shown that the length of the day has not 
sensibly varied since that time, which must have hap¬ 
pened if the diameter had perceptibly changed : if the 
Globe had contracted, the diurnal period would have 
been shortened, and vice versa. 

This is usually considered a very formidable argu¬ 


ment against the doctiine of internal heat, and its corol- tJcoIogv. 
lury, secular refrigeration uni! contraction, to whiih * * , 

theorists have very freely resorted, as the prolific source * 
ot all subterranean movements, changes of superficial 
temperature, elevation of continents, volcanic eruptions, 
injection ot igneous rocks, mineral veins, &e. Fou¬ 
rier’s researches, however, into the mathematical theory 
of heat, show that, under the conditions of sensible 
constancy of dimension, and variation of superficial 
temperature according to solar influence, we are at li¬ 
berty to suppose the existence of deep seated heat of any 
intensity, provided there he direct indications of corre¬ 
sponding augmentation of sensible temperature below 
a certain depth. Such indications, it is very generally 
allowed, are presented by the observations in mines and 
collieries in Europe, Asia, and America. 

With regard to secular refrigeration, the experience s, cul,ir re- 
of two thousand years undoubtedly shews that its cf- I'nger.ition. 
feet in contracting the Earth’s diameter has been for 
that period insensible ; but, first, it must be observed, 
that the hypothesis supposes the dieel of refrigeration 
to be a contraction of an internal nucleus, and u con¬ 
sequent separation between it and the solid crust, which 
continually increases tiulil the crust is broken by a con¬ 
vulsive collapse; secondly, it is sufficiently evident that, 
by the accumulation of nonconducting materials over 
a source of heat, the diminution of this heat, must he - 
come continually more and more slow, so as at last to 
lie insensible even in very long .periods. If, then, it 
should appear that the leading phenomena of the ancient 
History of the Earth can he well explained by help of 
these suppositious, there is nothing in the mathematie.il 
theory to prevent their provisional adoption, on the basis, 
not uiifrcqueutly employed in Natural Philosophy, that 
they serve to explain many phenomena. 

It is l>y no means necessary to couple with the by- Vulcanic 
potliesis of internal heat, the doctrine that volcanic uc- action, 
tiou aiiscs from this cause only: the various chemical 
characteristics of volcanic action must he examined upon 
tliefr own evidence; and it does mil appear that the. 
theory of volcanic operations, advocated in a former 
part of the Essay, is at all deprived of its applicability, 
or rendered superfluous, by admitting the existence of 
intense internal heat. On the contrary, under the in¬ 
fluence of a high temperature, (lie admission of oxygon 
and water would still produce upon the fluid metalloids 
and metals the ellects usually ascribed to such a 
cause, and perhaps more easily than if they were solid, 
and the results would still lie proportioned to the cir¬ 
cumstances of the locality. 

These remarks aic not introduced for the pm pose 
of advocating the hypothesis in question, but to rescue 
thoi'e who have adopted it, and by it endeavoured to 
illuminate some of the darkest pages of Geology, from 
the imputation of invoking causes which chemical and 
mathematical researches concurred in disproving. • 

The moderation which Geologists were so slmv to ni.pl.uv- 
lcarn, has prevented them from reviving the ancient nynt of the 
speculation which ascribed the leading phenomena () |'Eirth huxih. 
Geology to an extensive shifting of I lie Euilh’s axis, 
and consequent displacement of the Ocean. To he con¬ 
sistent, we must stip|H>se this mighty operation to have 
been many times repealed before the occurrence of the 
Deluge which it was invented to explain. Perhaps the 
probability that every part of the Glohe upiallij requirts 
this displacement of the axis, hut requires it in ilif- 
finnt directions at the same time, may be sufficient to 
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Geology, prevent its resuscitation. It is too much, however, to 
Ch. IV- treat it as an absurdity, merely upon the ground that 
the shells of equal density within the Globe have their 
axes, at the present moment, nearly coincident with 
those of the surface ; for Sir J. Herschel has expressed 
the opinion that the spheroidal figure of the Earth 
might be acquired during rotation though its parts were 
not (luid. 

But, as Mr. Greenough has observed, “ lie the cause 
what it may, the fact is certain, that the temperature of the 
crust of the Earth was higher when the coal measures 
were deposited than now, and we have reason to think 
it was still higher at antecedent periods. That a con¬ 
siderable degree of heat still exists, either partially or 
generally, at no great distance from the surface, nppears 
from thermal springs and volcanoes.” ( Geological So¬ 
ciety's Proceedings, 1834.) 

Orizin of I" accordance with this view is the common opinion, 
terrestrial that geological inquiries have discovered traces of a 
organic life, period in the History of the Globe, when neither uuitnal 
nor vegetable life was established upon it. This opi¬ 
nion, ably expressed by l)r. Buckland in bis Vindicice 
Geologiccr, is chiefly supported by the facts observed in 
studying the primary and transition strata. The view 
of the subject which is most consultant to the course of 
inferences adopted in this Treatise, has been already 
sufficiently expressed ill the review of the primary strata, 
(p. 570, 571.) 

Whatever may be truth on this point, it is certain 
that the successive systems of organic life, both terres¬ 
trial and aquatic, animal and vegetable, show the same 
general principles and relations as that to which we 
belong. Geology has disclosed various and remarkable 
animals, not paralleled in existing nature, and plants of 
singular forms, but nothing which deviates from those 
general luws of structure and function which govern the 
actual organic creation. The plants and animals of dif¬ 
ferent geological periods do not differ more from one 
another, than those in opposite climates, or even distant 
localities at present. There is even to be observed 
among the several successive systems of organic remains 
some real analogy to existing local Faunas and Floras: 
the oolitic fossils have, perhaps, a greater resemblance, for 
instance, to the living productions of Australia and the 
Indian Islands, than to those of any other situation ; 
while the plants and uniones of the Northern English 
coal tracts remind us of the physical characters of the 
American continent rivers and islands. 

Periods of There is, perhaps, no point of theoretical Geology 
convulsion more certainly established than that, in any given small 
and repose, urea of the surface of tile Globe, long periods of or¬ 
dinary action of natural causes have been several times 
interrupted by epochs of extraordinary disturbance; that 
the relation of the level of sea and land has remained for 
along time the same, or very gradually changed, und after¬ 
wards been altered by internal convulsions. It is also ad¬ 
mitted that this law has an extensive though then less exact 
application; that the periods of ordinary and crises of ex¬ 
traordinary action were respectively contemporaneous over 
very large regions of the Globe, and even with respect to 
some of .the cases admit of general application. It ap¬ 
pears, also, that the nature of the strata deposited differs 
more or less according to the several successive periods, 
and that the races of organic remains, in several impor¬ 
tant coses, nre subject to contemporaneous crises. On 
this evidence, joined to some theoretical considerations, 
is founded tite modem admission of the doctrine of 


alternating periods of convulsion and repose ; a doctrine 
which was held by ancient Philosophers, revived by 
I-ieibnitz and Hutton, and illustrated by Cuvier and De 
Beaumont. Perhaps this view ot the subject was never 
more clearly expressed than by Leibnitz, whose just 
sense of the philosophy of Geology has been lately 
placed in a strong light by Mr. Conybeare. His view 
is, that the powerful agencies exerted in displacing and 
altering the solid crust which gradually thickened over 
the ignited nucleus, have many times renewed the face 
of the young Globe by the eruption of concreted igneous 
rocks from below, and the deposition of stratified rocks 
by water above ; and that the Globe was, by these pro¬ 
cesses, more and more diversified with mountains and 



valleys, and subjected to various physical conditions; 
doner, quiesce ntibus cumin, atque requilibratis, consistm- 
lior emergent rerum status. 

Mr. Lyell's pictures of the successive conditions of Uniformity 
the Globe are all drawn to one scale, from the unvary- ofnaturul 
ing standard of its present state ; his hypothesis admits agencies, 
local alternations of ordinary and critical action, but 
denies any thing like a general paroxysmal effort of na¬ 
tural agents; nor is there, between the ordinary and 
critical stages of his processes, any conspicuous dif¬ 
ference. The principle of his system is, that the dis- 
turbing internal forces exert themselves in irregular suc¬ 
cession beneath all the points of the surface of the Gobc; 
and that the ordinary chemical and mechanical agen¬ 
cies of Nature are thus modified in their intensity, and 
diversified in their effects, and applied to produce an 
endless series of destructions and renovations, which, 
upon the whole, compensate one another continually. 

In this system, the postulate required is unlimited 
ehtralion; in the other, a varying momentum of na¬ 
tural agencies according to difference of condition: the 
one is i{ system of continual, the other of intermittent 
compensation. Nature offers to our view examples of 
both these cases, and on a large scale; it is therefore 
very unwise to assume one or the other on account of 
our notion of its greater probability; we must see which 
of the systems finds support from the facts of the case. 

It has been already seen that our proofs of the periods of 
time elapsed are neither clear, satisfactory, nor complete ; 
much of the evidence on this subject is in unknown 
terms ; but estimates derived from probable views of the 
mechanical chinpositiou und organic contents of the 
strata, do not appear to warrant the postulate of un¬ 
limited duration. (See p. 795, 796.) 

On the contrary, be the duration of geological pe¬ 
riods what they may, it is clear that the Earth has suc¬ 
cessively undergone great physical changes; terrestrial 
agencies must therefore have operated upon it with a 
corresponding variation of effect; one of these changes 
of condition, that of superficial temperature, is not ex¬ 
plicable by any of the khown periodical inequalities of 
the Solar system, but seems in harmony with the ge¬ 
neral theory of internal heat, gradually becoming less . 
and less sensible as the external crust thickened, and 
the surface of the Globe approached to a state of equi¬ 
librium. 


Successive Conditions of the Materials of the Crust of 
the Globe. 

The question of the origin or first condition of the 
elementary ingredients of earthy and metallic sub¬ 
stances, if capable of solution, must be referred to another 
Science; but inquiries into the successive conditions of 
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Geology. the mineral substances which appear in the crust of the 
Ch. IV. Globe, is one which, in some shape or other, must be 
1 often proposed to a Geologist. It is difficult to stop at 
the recognition of the igneous origin of some rocks, the 
aqueous production of others; we cannot avoid examin¬ 
ing, whether any evidence can he found for determining 
a prior condition of the substances contained in these 
rocks. Facta of great importance here come before us; 
we see examples of new rocks produced by heat from 
aqueous deposits, and sedimentary aggregates of the dis¬ 
integrated ingredients of volcanic and plutonic masses. 
The deposition of limestone offers very remarkable vari¬ 
ations, and it is impossible to consider the composition 
of the minerals in crystallized rocks, without feeling 
that the resources of Chemistry are or may become ca¬ 
pable of advancing us one more step in the analysis of the 
series of conditions through which (he solid ingredients 
of the Globe have passed. 

The time is not long gone by when Werner, who, with 
far less moderation than l)r. Hutton, vvMied to begin 
at the beginning, could find thousands of followers in 
the startling dogma, that nil the rocks observed near 
the surface of the Kurtli, were deposited from one chaotic 
fluid, which first permitted the crystallization of granitic 
and other rocks, and afterwards produced the secondary 
sandstones, shales, and limestones. It is possible that 
even yet there may he persons who can believe that 
these secondary sandstones were produced by a che¬ 
mical decomposition of the ancient Ocean; which, to nn- 
swer all the iiureiv-onublc demands upon its powers, 
must have been endowed with more than the creative 
energy of a Urahtnft, and capable of .surmounting every 
chemical and mechanical impossibility—of crystallizing 
into sand, condensing into limestone, and subliming into 
metal ! 

Leibnitz, and a large portion of modern Geologists, 
also attempt to fix something like a beginning to their 
.system, a point of geological time when the change from 
a fluid to a solidified surface permitted the devclope- 
ment of that series of intermitting igneous and aqueous 
actions, which has brought the Globe by many revolu¬ 
tions to its present slate of comparative repose. The fol¬ 
lowers of Dr. Hutton see no such commencement to 
their series of terraqueous effects ; they find no physical 
traces of a beginning, nor any change of operation 
which should give the prospect of an emf of this scries 
of effects proportioned to the time elapsed. Yet, as one 
hypothesis admits locally, periodically, and repeatedly, 
what the other supposes to have happened generally and 
in one succession, there is no necessary disagreement 
in the interpretation of particular eases. This is not 
always remembered by those who engage in the contro¬ 
versy concerning the uniformity of natural effects. 
Successive If we trace back the history of the materials of the 
conditions of sedimentary sands and clays flow in process ol forma- 
certam sub- jj (m a { the mouths of rivers, along the sea-coasts, and 
stances. . j n 0 th e r situations, we shall find that these materials are 
often derived from ancient superficial deposits left by 
Ipcal or extensive floods; exuiniimtiou proves that the 
materials of these deposits were often obtained by the 
violent breaking up and attrition of far more ancient 
previously solidified strata; in several instances it is 
manifest that these are nothing else than the oceanic 
accumulations derived from disintegrated primary strata, 
or of disintegrated pyrogenous rocks. 

As an example, we shall quote a well-ascertained se¬ 
ries of facts, which leave no doubt of the many changes 


of condition through which the granular ingredients of Geology, 
modern sedimculurv deposits have passed. 1. The Ouse, ^ * v - 

Trent, and other great rivers connected with the Hum- 
her, arc so filled with die finer parts of the sediments 
which fall into the sea along the wasting cliffs of Hol- 
derness, that their flood-waters, when introduced to the 
lower ground along their banks, deposit a great thick¬ 
ness of vultiable soil. The sandy and eoars< r ports of 
the sediment are collected in various irregular positions 
in the Humber and along the const, and the pebbles re¬ 
main on the beach, or follow its descent for a small 
distance into the sea. 2. The diluvial cliffs, which by 
Ihcir destruction afford this rich supply of fertile warp 
and sterile sand, contain fragments ol all the rocks in 
North-Western Yorkshire, that is to say, basalt, lime¬ 
stone of many kinds, cherts, sandstones, fine-grained 
am! coarse-grained milLlouc grit, shales, iioiislones, and 
coal; fragments of granite, hypersthene rock, and grey- 
vvackc slates from Cumbria; all imbedded in avast 
thickness of sands and clay s composed of the same com¬ 
minuted materials. 3. The millstone grit, fragments 
of which occur in this diluvial mass, is a compound of 
felspar, quartz, and mica, with occasional admixtures of 
other substances. These minerals are easily recognised 
as rolled and v'ater-wni n mnssrs, derived from porphy- 
ritie granite, gneiss, and other sneli rocks. The felspar 
is always perfectly crystallized within, but the external 
surface is water-worn; the mica has lost its angles; and 
the quartz fragments are only in the state of large 
grained sand. Plainer proof of mec'lmnieal aggregation of 
ingredients which once composed a crystalline felspathie 
rock, cannot be desired ; many such instances nre known, 
and the inference is generally allowed. 

As far us the results of a careful examination of or- Kxtension 
dinary sandstones can be trusted, there is no reason to tb>“ in- 
refuse to them, as n general rule, llic same kind of origin creuct " 
as to coarse millstone grit. Most of them have the 
same ingredients, though it frequently happens that the 
felspar is in a state of decomposition. Shales and clays 
arc, to sandstones what the fine warp in the water of the 
Hutnher is to the sands in its channel; we may then 
venture, in a moderate spirit, of generalization, to 
assume, that sedimentary sandstones and shales have 
originated in the meehanical action of water upon the 
disintegrated granular ingredients of pyrogenous rocks. 

Any one who has sufficiently observed the varieties 
of sandstones and shales on the one hand, and of stra¬ 
tified primary rocks on the other, and considered the 
nature and amount of the changes produced upon them 
respectively by heat; or properly weighed the observa¬ 
tions and reasonings of Mucculloeh ; will have no diffi¬ 
culty in admitting the views as to the origin of tile 
latter class of strata advocated in former parts of this 
Kssay. We are therefore conducted, apparently by a 
legitimate process of induction, to the conclusion that 
all the stratified rocks, limestone and some particular 
strata excepted, are derived primarily from the decom¬ 
posing agencies of Nature operat ing upon pyrqgenoils 
rocks; and we thus find a natural limit to the series of 
conditions through which these materials have passed. 

This conclusion, though perhaps less distinctly stated, is 
essentially recognised in modern geological systems 
and is felt to he substantially true, though it still leaves 
many things to be explained. 

An inquiry as to the origin of the vast masses of 
stratified limestone, is a subject of considerable diffi¬ 
culty. In a great majority of instances the limestone 
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formed at the present day is the result of chemical forces, 
and tli* same was probably the. case in earlier periods. 
In particular instances, calcareous deposits have par¬ 
tially or wholly a mechanical origin; as when a stream 
brings down the waste of a chalky or oolitic district, 
and deposits the sediment in a lake ; or when the cur¬ 
rents of the Ocean drift shells and other marine exuvite 
and lodge them in the midst of coral reels. Observers 
of the growth of coral islands have detected several facts 
as to the intermixture of decomposed fragmentary and 
entire calcareous marine exuvia 1 with coral rock, which 
seem to render not improbable the opinion of Geologists, 
that some of the older secondary and transition lime¬ 
stones are in places only magnificent coral reefs. 

Perhaps nowhere has the mechanical origin of lime¬ 
stone been assumed to n greater extent than in the 
lluttoninn system of Geology; for it seems to be an 
essential par! of that system, that the stratified lime¬ 
stones arc nothing else than triturated shells and other 
calcareous exuvite. By those who adopt this iew, 
chalk, (he least compacted kind of limestone, is usually 
taken as an example. It is sometimes difficult to avoid 
imagining that the powdery magnesian limestone is u 
recomposed rock, derived from the ruins'of magnesian 
beds of carboniferous limestone. But this cannot be a true 
account of the matter; for, 1. there ought to be far /m 
magnesia in the compound. 2. This is in some instances 
an atomic combination of carbonate of magnesia and 
carbonate of lime. 3. This limestone is often really a 
granularly crystalline-rock, (like the older ningiiosilerous 
bcdsofnioiiiitniit limestone,) and seldom appears to justify 
the least suspicion of the mechanical agency of water. 

But nothing is more certain than that of all the sliata 
yet discovered, limestone is exactly that which, hy the 
regularity and continuity of its beds, by the extreme 
perfection of its organic contents, and by the absence of 
prods of mechanical action, gives most completely the 
notion of a chemical precipitate. It appears sullicienlly 
probable, in several instances, that the quantity of lime¬ 
stone deposited in a given geological period was least 
towards the shores, and greatest towards the deep sea ; 
exactly the reverse of vvlnit happens with the mecha¬ 
nical deposits of sandstone and shale; it may therefore 
be viewed us an oceanic deposit, resulting from a lie- 
composition of sea water, aided in many instances to 


a wonderful extent by the vital products of zoophytie, Geology, 
echinoilcnnatous, and molluscous animals. According Oli. Iv. 
to this view, it is easy to understand the repeated produc- 
tion of limestones of the same mineral character at dif¬ 
ferent periods; nor need wc (eel surprised that, occasion¬ 
ally, limestones of the same age differ in properties. 

However, all these views end at last in one, viz. that 
the eailiesl condition which we can assign to the carbo¬ 
nate of lime, is that of extrication from some solution of 
lime in water, by chemical or vital processes. And 
here, perhaps, it will be wisdom to pause, for though 
some have ventured to imagine that the lime might be 
derived from the decomposition of particular ingredients 
in primary igneous rocks, and others may suppose that 
the Ocean would more directly obtain this with other 
ingredients from the oxidized fluid nucleus of the 
Globe, such speculations arc beyond the pale of Induc¬ 
tive Geology, nml involve too many hazardous assump¬ 
tions to be at present worthy of the notice of other Sciences. 

The general tendency of geological reasoning is to General 
establish the inference, that a large portion of the stra- lcxult. 
tilled deposits have been formed from the wasted in¬ 
gredients of pyrogenous rocks: all the phenomena of 
volcanoes and ancient igneous eruptions prove that 
localiy stratified deposits arc reconvertible to crystalline 
rocks by the force of beat, and very generally alterable 
in character so ns to approximate to the actual pro¬ 
ducts of heat. Mr. Lye! I puls this to the extreme, and 
supposes that the calorific energy of the interior of the 
Earth is constantly acting, so as to reconvert sedimentary 
into crystalline aggregates, equal quantities in equal 
times, and thus to maintain a perpetual equilibrium be¬ 
tween the liquefying internal and the solidifyingexternal 
agencies of the Globe. This speculation is much too 
poet.cal to be examined according to the dry rules of 
the Baconian Philosophy: if the heat expended in this 
opeiation be obtained from chemical processes, these must 
gradually tend towards equilibrium ; if from a general 
internal reservoir of caloric, that reservoir must become 
less and less prompt in supplying the incessant demand : 
either of these effects operating through indefinite time 
must cause the grndual refrigeration of the surface of 
the Globe, a consequence not favourable to the hypo¬ 
thesis of the uniformity and continual compensation of 
the effects of internal and external terrestrial agencies. 


Reference to Plates IT. and III. of Organic Remains. 


Pi ,ate 2. 

Thuttaiiy System. 

I. Voluta dubln. Prowler. 

3. Dentallum striatum, Sow, 

3. Venericnrdia pluniconta. Saw. 

4. Fotiw buMilftirmU Sow. 

5. Kinarglnala reticulata. Sow. 

6. Cythtrra lentlfnrmtM. Sow. 

7. Turbo littoreus. Snir 

8. flealurla folineca Sow. 

9. Mures tnbitor. Sow. 

10. Fueus contrariu*. Sow 

II. CypnuR Avellann. Sow.' 

19. Troth u* apglulliiann. Bnind. 

H. # Tli lrotnma exorta, Sow. 

Crktaceouh System. 

13. Peelen (iiiinqiiprofcl-iltH. .Sow, 

14. Apiocriuu* elllpllt-ttH Jl/|7. 

10. Siiongiii rilhrovt. Phil. 

16. MarsupUes Millerl. Montcil. 

17. Inorernmu* mi lc.it n* Sow 

18. Trltronin -.difonms Sow. 

19. Cattlliix Ilrnngiiliirll. Sow and Jlrong. 

30. Ammonites v;ut in*. S>w. 

91. riiigiotlom t Nplnosiim. Sow 

92. Keletmiltf't umiMonutti*. Cur. and prong. 
SW. Spiriting ns Cor-ungiilnutn. Car. mill Pi ong. 
94. Sulphites coHlntUN. Alantcll. 


Oomtk. System 
25 Trlgnnlu rnstafn. Sow. 

2tf. Vertebra of I'leslnsanru*. 

27. Cld.irl? Intermedia. Finning. 

99, rlypeus clunlculnrlt. t.lwgd. 

99. Vim t«lna of lrlithyusuuru* communis* Congb. 
.10. Anwi'iiilU'b Wulcullil. Sow. 

31. Pholndomyn Alim hisoni. Sow. 

32. End of the I'pppr Jaw of Crocodile. 
ft3. Myn V. scriptu. Sow. 

34 GryphnM Itivurvn. Sow. 

36. Ammonites C.illuvlen?l<*. Saw. 

Plate 3. 

8 xi.il. kmui s System. 

1. Productn bnrrldii. Sow. 

2. tteteiioru vlrgulnc e-i. Phil. 

3. Tercbratula globulina, Phil. MS. 

4. Terebrutuhi. 

5. Pertrii radlulis, Phi 1 MS. 

ti. ft Aviruln nryplircoidc*. Scdg. 
b. Dorsal vlrtv of the same. 

7. Aximis obn'iirus. Sow. 

8. Rptc|Miru flitiUiacra. Phil. 

9. I'ulifdLhrlsaiim inacmcephalum. Sedg. 

Cauugniverous System. 

10. Plntycrlnu* Isrvin. Mill. 

11. Aetlnocrinua 30 durtylus, Mill. 


12. Pentremltcs elltpticiifl. Sow. 

13. Plenrorliynplnis minax. Phil. MS. (New genua) 
14 Orthocerus Rrcynll. Sow. 

15. Spirit*™ strlntu. Saw. 

16. Productu punctata. Sow. 

17. Ammonites Listerl. Sow. 

18. Ammonites striatus. Sow. 

10. Bcllcroplion hlulcus, Sow. 

20. Pleurotomarla, (Helix cariftata » Sow.) colour 
stripes remaining. - 

21. Euomphalun penfangulatus. Sow 
22 Syrlngoporu goniculata. Phil MS. 

23. Fnvosltes caplllarls, Phil. MS* 

24. Ataplius genimiilLferuJ. Phil. MS. magnified 
twice. 

35. Terebratula acuminata. Sotv. 

Primary System. 

26. Euomphnlu* disrora. Sow. 

27. Products depresaa. Sow. 

Dorsal view of the loner r.ilvo. 

2M. Terebratula nffinls. Sow. 

29. Calymeno lUnmenbacliH. Prong. 

30. Asupbus l)e Biiohil. Prang. 

31. Pentuinerns Knightil. Soto. 

33. Ortlnwcriis annulntum. Sow.' 

33. Orthocer.is pyriform*. Sow. 

34. Cyuthophylluni hexagonnni. Ouldfute. 

.35. Cuieniporu Inhyrinthlcu. Gold/. 

36. Astrsea porosa. Go!if. 
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INDEX TO GEOLOGY, 


lodes to To facilitate the study of the Article Geology, and to make known 
Geology, the nature and the views advanced in it, is the object of the follow- 
- i— ^ —i ‘ ing abstract. The subjects discussed in Geological Treatises of 
(modern date ate, of necessity, extremely varied, for the Natural 
History of the Earth is too vast and diversified a problem not to 
require continual reference to thy truths of collateral Science. In 
the present Treatise, a great portion of the infeiences and general 
reasoning is, indeed, collected into a separate and final chapter; yet, 
in many instances, the inferences from phenomena are introduced 
after the description of these, especially when it seemed likely to 
render the succeeding descriptions more clear. The following 
Summary will explain the distribution of subjects throughout the 
four Chapters of the Treatise, and serve as a General Index, per¬ 
mitting, at the same time, a connected view of the Science. 


CHAPTER I. 

Pnonnass and Phincu > i.bb of thk Scikkck. 

Progress of the Science. 

Page 

529 Definition, with reasons for its wide limits. 

Speculative Geology gradually changing, with the progress 
of Physical Science, into 

530 Inductive Geology, which, in different Countries, was based on 
different data. Deter originated the agricultural school of 
Geoloyg, which bos nowhere mode progress commensurate 
with its importance. 

Mining knowledge was the basis of another school brought to 
eminence in Germany under the auspices of Werner, who 
claims the merit of introducing, more clearly than had been 
doue before, the consideration of relative time and succession 
of phenomena.—Of this . s 

531 Werner's eeriei of formations is a remarkable monument. 

Mitchell, mitehuret, and Saussure have distinct claims to 
praise, the former for comprehensive views, the latter for 
diligent researches. 

532 Inductive Geology was, however, principally founded on a know¬ 
ledge of organic remains. Rude udmiratiuu uf these monuments 
of earlier Nature animated, nearly at the same time, the Natu¬ 
ralists of Italy .France, and England; and the discussion* respect¬ 
ing their origin led to the introduction of Zoology and Butauy 
as auxiliary Sciences to Geulugy: and in Mr. Smith’s hands to 

* 533 A correct classification of stratified rocks, and the important 

discovery of the relutiou of systems of orgsMic tsfe to definite 
geological periods. 

534 Hypotheses are thus devoted to oblivion, and the modern culti¬ 
vators of Geology, aware of the grand problem committed to 
their industry, labour assiduously, and labour together, in tha 
patient interpretation of Nature. 

Materials in the Earth. 

The mean density of the Earth, as known by astronomical and 
mechanical discoveries combined with other knowledge, lead* 
to three probable deducflhuos tojfitrtnterior of the Planet, 
which are elated, and which arc Uf great importance in limit¬ 
ing the range of geological speculation. 

535 IJse earthy compounds of the rsrtsrior of our Planet, as known by 
• ■ observation, are referred to certain groups according to tberr 

chemical constitution. 


Stratification, 

536 The regulate arrangement of rocks on the surface is shown to de¬ 
pend on a regular internal arrangement called stratification | 
such that the "strata are arranged, with respect to one 

537 another, in a constant order of succession.” From this super¬ 
position of strata, with according declinations, and considerable 
extent or continuity, it follows, that stratification ia a funda¬ 
mental condition of many rocks, and that the Earth ia externally 
of a lamellar structure, the layer* marking particular periods 
of it* formation. 


TOI.. VI. 


*•*• ... Index to 

Distinction of Stratified and Vnstratified Reeks, Geology. 

537 Frost the relative situation of those two classes of rocks, 

538 The distinction of tlieir minora) characters, and mode of ag¬ 
gregation, and their contents, a cunclusion is drawn ihst they 
were the results of different agencies, the former deposited 
from water, the latter produced by heat. 

533 The division of geological study into two branches it thus indi¬ 
cated, and the sections of the Treatise which follow are made to 
correspond. 

On Stratification in general. 

538 Strata: the definition uf Pnifcxsor Plat fair limited; interposed 
strata are described; the thickness and lamination, parallel or 
oblique, ure noticed; and certain collective terme employed by 
Geologists explained. 

539 The senes of British strata is then presented in a tabular form, 
under the divisions of tertiury, secondary, and primary strata, 
according to the several formations and stratified groups. 


Disturbed Stratification. 

540 Cuviers fundamental principle fur investigation of disturbance* 
of strata applied to cases uf vertical strata and contorted beds. 
(See pi. i. fig. 4.) 

541 Faults, or the lines of fracture of disturbe'd strata, considered 
with reference to a certain law of direction, (also applied to 
several mineral veins and dykes,) and to tlieir relative anti¬ 
quity ; principal epochs uf convulsion a-certu ned by this process 
of reasoning, and the leadiiig physical matures of the Earth’* 
surface shown to be dependent on sublerraiieun movements. 

542 These movements, and the disruptions uf strata which they have 
occasioned, are shown to lie a part of ths general plan of 
terrestrial creation, affording that variety of surface and Con¬ 
ditions to which organic life is known to be adapted, and 
cuusing the exposure, under varied circumstances, for the lisa 
of man, of nil the minerals and other useful products near the 
surface of the Earth. (See pi. i. fig. 5, G, 7, 8.) 

Internal Structure of Roche. 

543 Joints in different rods possess peculiar characters, and com¬ 
municate to them distinctive features, independent of their 
other stiuctural peculiarities. 

The general cause of joints and fissures admitted to be con¬ 
traction of the mass after partial consolidation; some general 
agency, like that of electricity, appealed to for the production 
of the symmetry and constant direction of joints in large 
districts; and local changes of internal structure referred to thu 
application of long-continued heat. (See pi. i. fig. 9.) 

Mineral Composition of Strata. • 


544 Both mechanically transported sediments sail chemical precipitates , 
are recognised among the stratified rocks, the whole series of, 
which consists of alternate layers of several calcareous, arena¬ 
ceous, argillaceous, ferruginous, and carbonaceous compounds. 

545 The phenomenon of alternation must be distinguished from that 
of gradation of beds, though both aid to produce what is called 
a transition of terms in the stratified messes. (See pi. i. fig. 10, 
11 .) 

The proportions of chemical and mechanical deposits vary in 
the different eysteme, and give occasion to some general re¬ 
flection* a* to the cause* concerned. 


Condition of Organic Remains. 

546 What trikes of living beings are recognisable in the fossil state) 

What portions of the original structure are preserved; 

In whnl condition they were imbedded; entire, disjoined, frag¬ 
mented, or worn; these question* having been answered, 

547 Subsequent changes of composition may be investigated, 

In plants, corals, shells, ffc., and lbs effects discovered may bo 
compared with- analogous modern procaines, and referred to 
the original nature of the bodies anil to the peculiar influence* 
to which they were subjected in dlflereut rock*. 

6 u 


801 



INDEX. 


Inilrx <o 
Geology. 


802 


IV 

Distribution of Organic Remains. 

5 VJ, 550. The relative number cf fossil and living species of plants 
and animals is first touched upon ; the proportions analyzed with 
reference to tin* original nature of tin* bodies ; and si compari¬ 
son instituted of II itisli recent and fossil species of zoophyta, 
couchiler.i. gasteropoda, cephalopoda. 

550 The European fossil specie* are next tabulated. 

The distribution of organic remains in the K.irtli is next con- 
sideie 1 with reference to the number of lliem in different rocks; 
the Table given suggests remarkable inferences; the relation of 
hind between recent and fossil tribes being considered, and the 
relations of the fusnls of different strata to one another, it fol¬ 
lows, that each stratum was successively the bed of the sea, find 
that successive systems of strata enclose successive races of ani¬ 
mals and plants. 

551 Tiiese being of terrestrial and marine origin give us, in some 
decree, the lustory of both the laud and the sea; marine laces 
indicate the oceanic origin of limestone; terrestrial plants 
mark the transport of Hie materials of arenaceous rocks by 
rivers and inundations fioin the l.ind; and thus, the first 
approximations arise tow aid the determination of the boundaries 
of the ancient oceans. 

552 Marine rxm ter being considered, it is found that rocks of similar 
chemical quality have some resemblance in certain tribes of 
fossils; fyoophyta ;) but more impoilant is the fact, that they 
are associated according to the periods of their existence ; so 
that 

Strata of different age contain, for the most part, diffluent 
fossils. 

Strata of the same age contain, even over largo tracts some 
identical and many similar fossils, according to the doctrine of 
Mr. Smith. 

|'l Repealed change\ in the race t of oi gallic beings, by which Ihey 
have teen, nt ditT'rient*geological epochs, successnely I longbt 
neater and neater to the forms of existing natoie, are i:ms 
established. 

M. Deshayrs results in this inquiry, derived from tertiary 
fit rata, are stated, and the identification of strata by charm ten she 
organic remains is considered, and the change of organic remains 
put in connection with the corresponding change of mineral com¬ 
pos’d ion of rucks. 

551 Terrestrial exnviit* are shortly examined with reference to the 
same principles. 

CIIAPTUtt II. 

Dr.SCHIPTlON OF TI1K Sk.RIF.H OF AljUFOUS DKPOKITS WITH TllKIIt 
Imiilooko Oiuianiu Rumaijns. 

6J4 The history of the successive systems of rocks, deposited from 
watei, is pieceded by n discussion of what forms their general 
Hour or basis. It being admitted that granite and other ou¬ 
st r.it ifh d locks, (nee p. 537.) onguiatiog from the action ut heat, 
foim this general floor. The “primary strata” are considered 
with reference to the hypothesis of 

555 Mttnmnrph>\ai of locks of all ages, and the conjecture that 
eailier strata than tli <se called prim.uy may have been absorbed 
into the melted nucleus of the Globe. Cert am conclnsons arc 
stated; a ginuping of the strata into systems follows, a id 
these are described according to the eras of their pioduction. 

Primary Strata. 

557 The primary strata are fronted of as forming the skeleton and 
framework of the Karth’s surface, ranging along the mountain 
chains mid groups, and encircling and dividing the great KtiiO- 
peuu, Asiatic, and other basins. 

Gneiss and Mica Slate System. 

559 Principal rorhs described; the order of their succession 
examined; the origin of gneiss; its stratification; the minerals 
which it contains; the rocks associated wilh it; and the transi¬ 
tions from this to other rocks noticed. 

550 Similar review of mica schist, quartz rock f and primary lime¬ 
stone. 

5G0 The districts occupied by the gneiss and mica schist systems 
are next described ; Cornwall, Wales, Cumberland, Scotland, 
(pi. i. fig. 12.) North of Ireland. South of Ircluud, Brittany, 
Pyrenees, Central France, America. 


Purp Index to 

Slate System. Geology. 

5li5 Relation of this to the preceding system; (pi. i. fig. 13;’) the ’*■ 
Cumbrian slate region taken as a type; d.uk lowest slates; 
red rock, middle green slates; dark fosmliforous limestone; 
upper slates also fuss life runs. 

567 Cleavage of slate; slates of Scotland, Ireland, Isle of Man, 

Wales, (from Sedgwick,) Anglesea, (from llenslow,) the 
groups in the grauwncke series of Wales, established by Mur¬ 
chison ; slates of Charnwood forest, Cornwall, and Devon, 

Brittany, Pyrenees, Ardennes, Rhine Valley, liars, Scaudi- 
nuvia, Tareutaise, Nortli America. 

509 “ Transition ” limestone shown to be analogous,in some respects, 
both to the primary ami carboniferous limestones, but distinct 
from both. As a general truth, it is concluded that the whole 
series of strata forms but onj* great locally interrupted series. 

570 The succession of the whole Bnlish primary senes presented in 
a tabular form. 

General Conclusions concerning Primary Strata 

570 Are next presented under the following heads, affirmatively; 

General basis of igneous rocks. 

Influence of heat oil primary strata. 

Oigame remains absent from the lower primary Btrata, lint 
frequent in the i«pp r. 

Objections to the conclusion of greater manifestations of 
igneous agency in the older periods, considered. 

Disturbances of the Primary Siraht, 

571 The fieeds o f convulsions which happened 

During the accumulation of the slates, and after the deposit 
of the slates, considered, with reference to the mean direction of 
subsequent stiata; exhibition of plutomc rocks, mineral veins, &c. 

Organic Remains of the Slate System. 

57*2 Plants, polypari.i; 574, miliaria, conchifera; 578, gastro¬ 
poda ; 580, annulosa, ciustacea. Remarks follow each class 
of fossils, and a summary is given, 581 ; (the suggestion 
legarding the fossils of the South of Ireland, 577, 5rfU, has been 
admitted by Mr. Weaver to he correct; M. Do La Beebe has 
no dcuht that the limestones of Devonshire do belong to the 
transition epoch.) 

Skconjjaiiy Strata. 

Carboniferous System. 

581 New physical geography of the Globe at the commencement of 
the carboniterous period ; produced by the convulsions treated 
of, 571. 

Divisions of the carboniferous system : 

58 1 Old rod sandstone formation , origin from local convulsive move¬ 
ments; its A ha meters in the Cumbrian tract, Wales, Mon¬ 
mouthshire, &c., Scotland, I eland. 

584 Mountain or carboniferous limestone formation ; geographical 
extent, and modifications of the formation, illustr. 'jd by 
original investigations in the North of Kugland. The several 
groups of the lorination described, ns to composition, physical 
geography, &’<*., m., scar limestone Jfags/otie sene*, upper 
limestone belt , millstone grit. The mechanical origin of this 
laltcr series discussed. 

5S9 The coat formation ; its composition compared to that of the 
mountain lunesh^t series. 

Range ami extent lu .he coaT formation ; English coal fields 
compared in districts. 

The Yoiks hi re coat fold described ns a type; lower, middle, 
and upper series; 59 1. the great Northern coal fields*, great*. 

South Wales coal field; 593, Forest of Dean, Somerset, &c. f 
Flint, plaiu of Shvewsbmy, (’mill)rook Dale; 591, Glee hills,. 
the central coal fields, lush coal. 

594 General new of circumstances under which tlio coal beds were 
deposited. 

1. Its origin from vegetables proved; (see also 547;) 2. theso 
plants grew on land; 3 the analogy of coal heds to buried 
peat bugs, subterranean forests, &c., to lake and river deposits, 
investigated; 59fi, effects of the higher temperature existing 
in former times upon the Globe upon the growth and inhuma 
tion of plants; conclusion adopted as movt generally applica 
hie, that, the plants were swept down from the land tu lakes 
and estuaries of the sea; exemplifications of the process. 
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Organic Reimans of the Oohtie System. 

Thu Tuldes aw generally arranged so ns to indicate both the 
relations of British mid imeign species, and the distribution of 
the fossils in the ditterenl foinmlioiis 

G3. r > Plants; 636, pnlyparia; 637, rnduiri.t ; 639, conchifera ; 
64ft, gasteropoda. 

6ft 1 Annulosa, crust men, insecta, rcptili.i, pi scum, mammalia; 653 # 
summary. 

Cr fin crons System. 

653 Mineral vhunwfrr of tins and othoi systems ; remaiKalde mir- 
fiu-u of chalk iotmlry in Kurland; dij valley* of the chalk 
hills ; groups of the chalk system, «>, exhibited in the .South of ‘ 
Kurland, iiaced to the Noilh. .uni again sp*ciiicd in York- 
bhne ; Oft I, M.iestucht und Canaan h.ds; h»\v« t giceusaiid ; 
65ft, giiult ; i»|«|»eT given ‘•and ; clunk null ; loner ch.dk ; 6)6, 
iijiper chalk ; its layei* of Unit; i>\ rites ; tissimd tliuts ot the 
I-le of \\ ight. 

656 ('retaceous system of Ireland ; the hasin of Europe ; Fiance, 
Maestiicht, Ninth of Geituani, Poland, South ol Russia, \c.; 
657, the Alps. Lomhuidy. 

657 Convulsions of the erehu'/ous sysb m in*.ic tied rather by tint 
wnste ot the chalk, and the accunud.itioii ot II.id peliMes uiiove, 
thun by diuct piwuf of disturbed rocks El if tie Hnunn ant's 
finer; Mr. I .yell's hypo tinsis. 

Organic lie in a ms of the Cieluctui'S System. 

658 Plants, poly par in; 6ti0, ladmria ; 662. eimclnfcia; 666. mul- 
liisca. 

669 AiiiuiIoku ; 670, Crustacea, cirripvdu, pisccv, reptilia, ami 
summary. 
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Convulsive Movements of the Carboniferous System 

597 Of very general ex*eut: 598. the Petiine chain uplifted; the coal 
tiiUs of Lancashire and Yorkshire divided ; other elevations ; 
the Finest of Dean, the Ardennes, &c.; relation of convulsive 
movements to mineral veins, &c.; observations on these. 

Organic Remains %f the Carboniferous System. 

The extensive catalogues which are given arc accompanied by 
sufficient explanations. 

599 Plants. | Polyponies Bowmanni of Lindley is a fish scule. It 
occurs in several other localities.) 

0)3 Analogy of fossil and recent plants; conclusions on this sub¬ 
ject. 

603 Polypuna; 601, mdiaria, conchifera; 606, mnllusca; 609, 
general summary. 

Saliferous System. 

608 General view of the composition, subdivision, and range of 
this system in England ; 610, 'reinai ks oil <vit»iu members cif 
the saliferous system in England ; mail slates; y» How magne¬ 
sian limestone ; 611, l.uimiuied limestone ; rock salt ol Cheshire 
described; 612, the sail erous s\stem of huiop**; organic re¬ 
mains; sections in the Vosges, Norih-K.ist ot Germany, Ac., 
com pa led with that oi the Noiih ot Kiigl..iul ; remarks on salt. 

614 Cm {/instances attending the origin id' the sah/rioun system; 
arguments for its marine oiigui ; loe.il alienee of organic re¬ 
mains ; prevalence of certain colours; prevalen e of mag¬ 
nesia; difficulties with respect v to ihu origin of the suit and 
gypsum. 

Organic Remains of the Saliferous System. 

615 Plants, polyparia; 016, r.uliuiia, aunulosa, conchifera; 617, 
gasteropoda; G18, cephalopoda, Crustacea, vertehialia; 619, 
sum maty. 

Disturbances of the Saliferous System. 

G19 In England, only slight and few; in the Vosge«, Ihittany, 
La Vendee, Murvan, Buhinerwahl, Thuringcrwald, Avallon, 
Autun. m 

Oolitic System. 

G19 Its conformity to the saliferous system in position; differences 
in nuneial character mid organic remains , the phenomenon of 
alternation at the base and top of the system ; composition iu 
ditlcicnt Countries of Europe. 

620 Classification of the English snies in a tabular form. 

Range of the lias; its general characters, geogiaphical, mi¬ 
neral, oiganic ; 6*21, the lias foiinatiuii of Yorkshire ami Lin¬ 
colnshire subdivided and described ; lus oft he Midland Count ms; 
fi*22, of the Cottswold, of Bath and Dorst^diire, of North 
Biitam, South Wales; lias of Autun, Chalons, Luxemburg, 
VVijrtcmberg, Banz ; remarkahlo characters of has in Swisser- 
lwd. 

623 inr lower oolite formation f its range, geogiaphy, rl-vntion, 
escarpments ; type of this formation at Bath described ; in¬ 
ferior oi-lite group; 621, lullvi's earth gioup; great oolite 
group; forest marble group ; cornbrash. The same formation 
as it appears North of the Humber and iu Sutherland wi.h 
different characters; 626, range and character of the forma¬ 
tion in the Midland ^unties; Collywpston and Stonesfiehl 
slates- 

*27 The middle oolite formation analogous to the lower oolites in 
mineral anil geographical character; 628, less continuous. 
The several locks descrdied: Kelloivny rock, Oxford clay, 

* lower calc grit, coralline oolite, Wilts, Oxon. Yorkshire, Wey¬ 
mouth ; upper culc grit. 

>30 The upper oolite formation; K-immeridge clay, composition, 
layers of ostrea delta; Portluiul oolite, in Poitlund, at Clucks- 
gnive, Brill, &c.; the dirt bed of Portland. 

631 The Wealdm formation in three groups; Purbeck beds, Halt¬ 
ing* sands, Weald day. 

632 Evidencu for tha fresh-water origin of the formation- 

633 Foreign localities of the oolitic system considered; range and 
extent of the system ; its divisions locally the same as in 
Englund, but generally there not recognisable; the organic 
cxuviiB unequally distributed. 

634 Distuibnnces of the oolitic system; Yorkshire, Dorsetshire, 
Caithness. On the Continent more extensive. 


Teutiahy Sys*iftM. 

671 General new of this system of strata deposited in the sen and 
lakes; its geological limits toward the older deposit easily 
known, hut toward the modern era difficult to he fixed ; 
reasons for this m the varied nature of the deposits ; the un¬ 
certainty of iliu applicability of u common scale* of lime to 
the independent changes of oig-mic hie on the luud and in the 
sea ; geiieiul conclusions. 

672 Physuul a\pfct of the globe at tlu* commencement of I ho 
teitiary epoch; various lo.itiary seas; tn'iiaiy system of 
England; lower million formation, including plastic day, 
London day, and Bags I lot sand ; 671.1 res h-water group ot tlm 

• Isle ol Wight; crag, its two mineral types, vast number of 
shells, &C. 

675 Foreign tertimy system ; under wli.it circumstances deposited, 
in arms of the sea, included basins, estuaries, lakes; extent 
and form ot the tertiary sea of Europe, &e. ; Us ielation to ex¬ 
isting seas; G76, comparison of the French und bngledi 
teitiaries; plndic clay; lower fresh water, upper niaime, 
upj>er fiesh wuti r; Tonruine beds ; 678, tertwnies in the South 
of Fiance, on the North of the Alps, at Vienna, in Tnui- 
sylvama, at Gusau, the l utersherg; 679, on the fros.m 
beds; inolas.se of Swisseiland; Huliajarimine marls; Sicdiiui 
debits. 

Relative Antiquity of Tertiary Deposits 

680 This important subject is fully discussed; zoological evideuro , 
alone admitteil to he of penei.d application; mode of rmp'ny- 

i ng tins (vtdrnre. in lelation to older rocks, Mated ; pioper 
mode ol employing it for teitiary btiata exemphlied ; limits 
oT ttie reasoning; upper and lower terms for compuiisoii 
(leBiieil ; imperii ctions of fbe process when applied to juir- 
ticolar cases without allowing for local circumstance*'. 

691 M. Ueshaif ex’ invest• gutums analwad; marine tertniiy sjwcie* 
compared to nn upper term ; [ living species \t to a lower teini; 
(basin of l^iris;) M. Deshayes’ conclusions suppoitcd hy 
both tests. 

681 General results. 

682 Organic remuins of the marine tertiary strata. 


Ijucustrine Tertiarws . 

G84 Data for reasoning concerning their antiquity ; certain deposits 
described; in Central France, in Brovence, at (Eningen. 

685 Lignitie deposits of Swisseriand, Ac., of Bovey Tracey, tlia 
Meissner. 

6Sti Organic remains of the lacustrine terti.irios. 

688 Dislocations of the tertiury strata in the Soutlr of England. 
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DlI.UYIAI. DEPOSITS. 

688 Distinctions between these and the tertiary tlraln ; origin of 
the term diluvial ; relation of the phenomena it includes to 
the Nuachian Deluge ; proofs of the extraordinary violence of 
water afforded by these d> posits ; example of tile transport 
of detritus from the C'uuilirian inmintauis to the Smith-East, 
from the Lickey-hill to the Hast, from the Lincolnshire wolds. 

690 Still more extensive effects of uindngotis causes among and in 
the vicinity of the Alps ; circumstances attending the dis¬ 
persion of the erratic blocks of the Alps, and others from 
Scandinavia, ns to arrangement, number, magnitude; direc¬ 
tion of the currents to which they owe then transport; general 
inference on this part ot the subject. 

691 Gravel dr pouts ; animat pnpii/aliim at the time of these diluvial 
currents widely diffused over the Northern regions of the 
globe ; consisted of many species of (piudrupuds congenerous 
with those now living, but for tile must part specifically dis¬ 
tinct. 

692 That they really lived in those regions where their remains occur 
proved hy several facts, espic.dly by the history of the 
ossiferous raves. 

Ossiferous races; their situation, characters, how formed, how 
filled with bones ; Kirkd.de cave tenanted by hytenus ; 691, 
Kdliloch tenanted by bears, winch died there ; Mendip ochre 
caves and Orexton caves tilled by accident und aqueous 
currents. 

69.') Osseous breccia of the Mediterranean analogous to these latter 
caves, sod tilled like them. 

The question of the chmateof the Northern regions in the dilu¬ 
vial or elepliiuitiiidal era investigated as a question of PIiiIoho- 
phic.il Zoology; fi'.lfi, new evidence brought to hear on the sub¬ 
ject; the llau-covered lossd animals of me Icy Sea, cuid the 
association of tecent shells with extinct animats ill Yorkshire. 
Other problems cunsiileied; geographical extent of the pheno¬ 
mena ; h'.lf, length ul' the diluvial period ; geological monu¬ 
ments of the existence of man ; 698, supposed euntenipuraiieily 
Of human mul i;unilru/irdii/ bones ill ar Leipzig, Nice, the South 
of France; the latter example iuvixiigated, and a general 
ronrliisuiii adopted on this subject; an attempt to assign the 
causes of the diluvial phenomena. 

699 Table of Organic liemnms m Caverns and Superficial Deposits 
inbieyurnt to l/tc Tertiary I’eriod. 

Deposits op the Modeun Kka- Modern Causes in Action. 

701 The relation of terraqueous agencies in nncient and modern 
eras is a proper subject of geological inquiry. On this point 
the ditlerences of opinion arc great, hot reducible, to three classes, 
one denying the analogy of ancient and modern physical 
operations ; another admitting agreement in the mode of 
operation ; n third asserting identity of kind and equality of 
effect; modem causes lit action are then examined. 

The wasting effects of the atmosphere , chemical, mechanical, 
or combined, on felspathic und other rucks, contrasted with the 
conservative power of the ground; waste from humidity, ex¬ 
emplified from changes of heat and moisture, parallel to artifi¬ 
cial surfaces of several kinds of stones; 703, influence of 
frost on slaty rucks ; in the Kighi mountains. 

■ affects of rain on druulicsl nouiutnents, on grit rocks, in lime¬ 

stone cliffs ami floors, producing channels like miniature 
Valleys. 

704 Effects of inundations, in Scotland, in Yorkshire, in the 
Alps. 

Effects of Streams and Esters. 

701 Of two kinds, excavating and transporting; erosive effects ex¬ 
emplified in Tynedale. in the Lincolnshire rivers, in v&riuus 
river deltns, in Etna, in Auvergne. 

Waterfalls and cataracts, how formed, and cuntinued ; at 
what rate they waste the rocks, and cause recession uf the 
fall; Falls of Niagara. 

Transporting action of streams discussed; rivtrs without 
takes; waste of the uplands causes elevation and fills irregula 
nties of the lowlands ; the Yorkshire Ou-e; thu valleys near 
Scliaffhuusen ; in low ground, and at the mouths of rivers, 
large accessions of sediment happen, new land is formed, 
and the river mouth is carried forwards nr turned in new di¬ 
rections ; 706, the materials transported vary much, and remind 
us of the ancient earthy aud carbonaceous strata, to which a 
similar origin has been ascribed ; the arrangement of these 
materials and the general effects of rivers referred to the 
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initial wasting effects of the atmosphere, the power of the Geology, 
river curient, and the character uf the valley itself. v y - ' 

707 Eiiers with takes occasion other peculiarities; the lake reroivos 
all the sediment nnd discharges the water pure ; new land is 
thus formed at the head of the lake; the materials m it 
being arranged in particular inclined conical surfaces, and 
measuring the whole transporting effect of the river since it 
began to How. 

Lacustrine deposits of shelly marl, clay, peat, &c., are analo¬ 
gous to the ancient fresh-water tertiary beds. 

708 Deltas formed in the sea at the mouths uf rivers nearly ns in 
lakes, and coasts extended ns on the Adriatic by the same 
processes ; tho nature of the materials uf which they consist 
varies necoidiug to locality, anil Ixith m this respect ami ill 
geographical uiea deltas present close and frequent analogies 
to some old sedimentary roCks. 

Ears at the mouths of rivers, how formed ; area of rental kable 
deltas; geological chronometer formed by them, why de¬ 
fective. 

Action of the Sea 

703 Erosive and transporting, as in rivers; wasting of cliffs, how 
occasioned; to what degree mi the coasts of Yorkshire and 
Norfolk ; extension of mursh land on the same coasts, how 
produced; different cfleds of the sea; alternate production 
and destruction of hind; incessant action of the sea in arrang¬ 
ing and disturbing the sediment gathered from the land. 

709 Coral islands; their growth, quantity of carbonate uf limn 
solidified hy them ; comparison of coral reel's with certain old 
limestone strata, how far just, and in what respects delusive. 

CHAPTER III. 

Dekchiptiqn of the Rocks i-uoduckd nr Iunkols Aokncy. 

711 Introduction , containing a general view of the subjects to be 
discussed. 


PART I. 

O/l Rucks produced by Igneous Operations of a similar Nature to 
those nuut taking place, 
v 

Section 1. 

Description of f u/i anin Phenomena in different Parts of the World. 

General Notion of Volcanic Action. 

712 Phenomena attributed to volcanic action ; phenomena ad¬ 
mitted to be volcanic; evidence of volcanic action; local 
internal commotion ; the structure ntul appearances of thu 
mineral masses on a large scale; the characters of indi¬ 
vidual rocks; 713, these characters specified; trachyte, grej- 
stone; analogy of other volcanic rocks to these. 

Division of volcanic products according to their age ; the 
age of valleys assumed as definite, nml the volcanic rocks 
divided hy this standard into antcdilnviul und postdiluvial. 

Postdiluvial vulcanic rocks, mineral characters of these. 

714 Anlediluvial volcanic rocks, their characters; distinct'jn of 
subaerial aud subaqueous modern volcanos. 

Active Volcanos of Europe. 

Vesuvius, historical view of its condition ; destruction of 
Pompeii aud Staliiac by dry ashes; of Herculaneum by tufa- 
ccous tnuil; othe. "ruptions not 1 ' .t!. 

Phtegrean Fields, s..!.aulentO of Iheir "volcanic excitation 
since Vesuvius became active; the phenomena still mani¬ 
fested in the 

716 Solfatara described ; sulphureous vapours; dccomposifion of ‘ 
the trachytic rocks. 

Monte Nuovo, thrown up in the XVlth Century, offer earth- 
quakes and flames, consists of loose materials ejected in a 
few days ; heat still manifested at its base. 

Grotto del Cane, near Logo Agnano, its mephitic vapours. 

Puzzulana, extent of this deposit along the base of 
the Apennines ; its composition, antiquity, elevation above 
the sea. 

Temple of Serapis at Piizzuoli, circumstances which indicate 
repeated changes of level uffecting this locality. 

Islands of Proeida and Ischia—ot varying tufnceous compo¬ 
sition ; later pumiceous products of Ischia; present high 
temperature about it. 
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Geology. 718 Other part* of Italy —Mount Vultur; great antiquity of it» 
. — v - . action 

Roeca Monfina; buried town at Scssa; Penza Islands; 
volcanic phenomena of the Papa! Statet, Albano, Rome, 
Viterbo 

' North of half —Voltcrra; Euguneiui Hill*. 

719 South of half —Lipart Isbimts, hot springs, volcano; 
Stromboli, its iiiiiutennilting eruptions; beds of puzzolana; 
dykes. 

Stct/i /—alternate volcanic and. neptunian deposits of tlio 
tertiary era; Val di Nuto ; Macalulm; Etna, its vast mass 
comparatively modern; consists of lava, beds, and tuff, with 
, dykes of tr.ichyte and basalt; erupted in the air, while those 
ot the Vdl di Nuto took place under wuter. 

Sriac< a —of recent data, transient existcnco; elevated 
on it line of volcanic action ; from deep water. 

720 Grecian / Irchipctago —ancient anil modern elevations affecting 
Sunturimi and the adjacent islands ; line of volcanic operations 
through Milo and Argentine to the ancient Methouc. 

Icelamt —great scale of its continual volcanic excitement; 
lines of volcanos ; vast lava flood of 1793; island which rose 
and sunk again in that year; Geysers, their intermitting 
character explained ; solution of silicu. 

Jan Muyyii, supposed to have been in action within a short 
peiiod. 

Extinct Volcano* of Europe. 


721 Portugal, on the Moslem side of, near Lisbon, in Beira. 

Spain —volcanic appearances of Cap di Gaieta; volcanic 
cones of high antiquity near Olot. 

France —North-East of the Pyrenees, Cevennes, Vivaruis, 
Puy, Cautal, Mont Dor; volcanic masses of Auvergne, the 
Vivarais, Puy cn Veiny, produced since the date of tlio 
valleys, though some are cut by existing streams into 
raviiieB; seventy craters in Auvergne; five donntic hills near 
Clermont distinct in their origin from the other volcanic 
masses ; supposed by \ on llueh to have been heaved up, 
not ejected; characteristic phenomena healing on this ques¬ 
tion specitied. 

723 Germain/ —Kyfel vulcanus, cones, craters with lakes; few 
traces of lava streams; referred to comparatively modern 
period. • 

Siebcngcbirge; basaltic and trachytic hills protruding 
through schists supeiposcd on teitiary blown coal; basalt id 
tlio Westerwnld, Vogclsgebirge. l-'iaokfort, Hanau, Cussel; 
Eisenach ; alteration of straliiied rocks. 

Odeiiwald, Kaiserstiilil, North of Luke Constance, Klionge- 
birge, Fiehtelgebirge, Tdphtz, Itiesengehirge, Erzgebirge; 
overlying masses of basalt on the western bo.ders of Moravia. 

.721 Hungary —five volcanic groups ill the North of Hungary; 
1. Sctivinmtz and Kremnitz; 2. near Gran; 3. mountain of 
M.itru; 4. frum Tokai tu Eperies; 5. Vihmlet, connei -ed 
with trachytic mountains of Marmarosch: all of high uu- 
tiouity in the tertiary peiiod, erupted in a countiy full of 
lakes. 

, Styna —the Gleichenlierg trachytic group on the Bos- 
jthorus. 

/ oleanos of Ana. 


Aria Minor —theTroad; Smyrna. 

Until Sea —hypothesis proposed concerning the course of 
the Joidau, and formation of this sea. 

Iietl Sea —active vuigano of ZibbelXcir. 

725 Central Aria— Mount flfclftt, Jfcfflavend; re;>orts 0 r vol¬ 
canos in the great depression of the Earth's surtace, including 
the Caspian. isc.; ArulToobe, Pechau, Tourfan. 

■ • Kaintrchuthu —very active volcanos ; volcanic lino of the 

Aleutian Isles to Alaschku; rising of the trachytic island of 
Unalaschka in 1795; line of volcanic vents by the Kurilean 
* Islands, the Isles of Japan, I.'iu-Ihluo, turniusu, the 
Philippines, Sauguir, Celebes, Tern.do, Fidore, tlio Mo¬ 
luccas, Sumbawa, Java, Sumatra, and Rarren Island; Eust- 
wanl range of volcanic phenomena from S.imbawa. 

Pacific Ocean, volcanic groups and islands of. 


Volcanor of Africa . 

726 Afatliigatcnr —Maui it i us, Bourbon, its frequent lava strenma 
and ejections; St. Hcleua, Ascension, Tristan d'Aeunha, &c,; 
Cape Verd Islands. 

Canary Islands— Teneriffe, variety of its vulcanic products; 


the Peak ; crater eruptions ; flank eruptions ; other islands 
the Caldera of I'ulinn ; origin of the Bit'anrus ; L.uieemle. 

Minleira —Mount Atlas. 

The Azores —St. Michael, K1 Pico; Island of Sabrina raised 
and sunk again, 1811. 

Volcanos of America. 

727 The Antilles —nature of these Islands; the vulcanic portion 
classed m two divisions: 1. Grenada, St. Vincent, St. Lucia, 
Dominica, Mout-crrat, Nevis, St Chiistophcr, St. Eustacius; 
2. Martinique, Guadeloupe. Anligun, St. It.irthelemi, St. 
Martin, St. ftionlas; connection ot tlio Cameras mountains, 
through the Antilles, with the motuilsitis of Porto Kim, St. 
Domingo, Jamaica, Culm. 

729 Continent of America—North America —California; Mexico; 
great theatre of volcanic net ion ; variety of rocks lo re pro¬ 
duced; East mid West line of volcanos extending lo the Kivil- 
lagigedo Isles; Jorollo, its recent origin, desenhed accord¬ 
ing to HuiiilioMt ; other hues and groups of volcanos in 
Guatimal.i, Nicaragua, Coliimlnu; connection of these laltcr 
ill one system; relation of this line of volcanos to the 
Andes. 

South America —Extension of the line to Chili, where « : vtci‘n 
active volcanos exist; thus all the Western coast ot America, 
South of California, one great theatre of volcanic action. 

Suction 2. 

Other Phenomena referable to Volcanic Action. 

729 Review of the preceding observations on loleamn; other phe¬ 
nomena lo la: considered, 

Enrthi/iuthcr proved to lie enmiee'ed with volcanic agency, by 
coincidence or reciprocation of pC'lod ; instanced by the rcla- 
tion of the eruptions of Etna and Vesuvius to certain eaith- 
qiiakcs; other evidence from Columbia, Quito, Cluli, Lan- 
zerotc, Teneriffe. 

730 Phi Momma of enrthipiahei; shocks, undulations, vibrations ; 
suhtetrane.nl noises; eruption of flames ; alteration of level* 
of water; inetcondogic.il phenomena; speculations ns to oilier 
than volcanic causes of earthquakes ; electrical accumulation ; 
internal cavities; great extent of the shuck of earthquake* 
no argument against their volcanic origin; not irreconcilable 
Willi model ale depth of the exciting cause. 

731 Thermal water also connected with vulcanic action, because 
they emit the slime gases ns volcanos, sulphuretted hydrogen, 
carbonic acid, nitrogen ; this hitter given off by Vesuvius, 

* Scincc.i; ul-o by hot springs of CastcU.imare, near Vesuvius, 
and Auvergne; ulso by thermal waters of the Alps, Hath, 
Huston, Hakewcll, Stiiney Middleton, and T.iate’s Well; also 
in Ceyhm and Venezuela; quantity of this gas evolved at 
Hath. , . 

732 Siiuutiunvf thermal waters shows their relation to volcanic 
agency ; near vulcanic groups, elevated chains of mountains, 
along hues ol dislocation, Ac.; instances in England. 

Unit of till h springs related to the period of vulcanic excite¬ 
ment, holiest when that is still active, least warm when that 
luis been long extinct; no local chemical action nilequate to 
account fur such ctleels. , 

733 Carbonic arid nt tpimgs also indicative of volcanic action f 

proofs drawn from the position of such springs, in relation to 
thermal waters, and dislocated strata. * 

Mud volcanos or raises not really of vulcanic origin, hut due 
lo lural chemical changes, us in Sicily, near Modena, New 
Andalusia, Trinidad, and Island of Taman; otten excited 
among the substances produced try ancient volcanos; salt 
spiings of Ohio. 

Emanations of inflammable gut not admitted ns evidence of 
volcanic action in coal mines, on the Apennines, near Greno¬ 
ble, in Albania, Baku, where considerable eruptions ur,*e 
from this cause. 

Sei tion 3. 

Theories of Volcanic Operations considered. 

731 On what data such theories to be constructed ; in one class of 
theories heat considered as an eflleet, ill another assumed as tho 
general cause ; the former limited try rejection of unsatisfac¬ 
tory hypotheses to a certain chemical postulate, r it. the oxygeni- 
zation of niet .llic bases id the alkalis and earths; the laiter 
reduced to the general theory of internal heat of the Globe; 
mode of investigation to be followed for the discovery of truth. 
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Geology. 735 Geographical distribution of volcanos; linear and central vol- 
■ * chuu- systtiu*, aiti'jio'ied diffurtnci* uf their origin ; great vol- 

c in lie hniiil*. 

73G Pr-'j unity of active volcanos to the sea or water, a general 
fact to which liaritiy an\ real exception* occur ; extinct volcanos 
upptMi to h.ive h.ul ili«* same illation. 

/Vim/nc/i of vu/ioitir operation* \ tun i farm fluid* evolved; 
steam, cMoriue, Milphuretti’d h^iiiogen, Hiil|ihnroii* acid, car- 
hoiiic and, nitrogen ; cncuiiistaitce* accompanying their ap¬ 
pear lice. 

737 Snbstancts not your nut Hulihincd; pcIrnWmm, sulphuric nriil, 
hoianr and. muriate of ammonia, specular iron ore, inmiatc 
of Bmla, Mllphlll. 

Soft'lltyiny suhahinrrs ejected ; lavas, their chemical compo- 
Hitiiui: tempera!me ot Hawing ; fusibility of ha* dt; analysis 
of tlie lava of Kina; notions concerning tin; fluidity of lava. 

73H Loose frai/meats ejected analogous to lava; general relation 
of solid volcanic pioiluct* to liachyte ; that lock considered 
with regaid to it' oiigin. tiom the fusion of granitic ruck* ; 
its gcoliigii.il relations stiengtheii such an opinion. 

7 10 ('onsti/utioH of u vdcnnic inoiiliUtill ill general ; crater of ail 
art ne vole no; explicit n ; causes bCorur ; Condition* which 
determine the frcijuency and tuici* of erupNon*. 

( Vfi/rr« of eruption ; tluur edicts de-ciihed ; qmiquavcrsal 
dip of the volc.iiec •iccuinulatioiis round such crater*. 

741 Crater* if elevamm ; lh.it such exist probable troin their own 
appearance, us in Great 1'unary, hi Palma ; hum tin* existence 
of diaries of trachyte, as iii Auvergne; that such vveie up¬ 
lifted, proof* offered : the structure of Puy (Ampinc examined ; 
other cast s of rrutcr formed elevation* of rock* not volcanic 
in the livid, &c ; alteration of common limestone* to dolo¬ 
mite* ; supposed sublimation und transfer of magnesia: Click 
Hill a case of elevation. 

743 The same subject illustrated by testimony of the elevation of 
volcanic rocks; instances recorded, near San tori no, near Una- 
lascbka, Snare*, Jonillo; cavities in volcanic mountain*; 
\ fulling in of Papeudayung. 

741 Crater* of elevation. how distinguished from those of erup¬ 
tion ; to what extent it i* Hiipj.oitcd by distinct evidence; how 
farudmissihle; review of this part of the subject. 

Section 4. 

Theory of I'olcantc. Operation/. 

745 Recurring to the two ilieorirs formerly mentioned, their pro¬ 
minent character* are contrasted; the extent to which Jtie 
theory of internal heat uppeurx to satisfy the conditions of the 
ca*e specified ; the imperfect ion* of tin* theory slut id ; pro¬ 
duct* of volcuno* examined to test the probability of the theory 
of oxidation of metallic bases; bearing of the known meun 
density of the Kurth on tin* discussion. 

748 Statement of the theory of chemical action ; existence of alku- 
Jino anil earthy metalloids at moderate depth* in the Earth; 
effect of admitting ovigenous substance* to them, under the 
lttinl, under the *cn ; effect of admitting water to such metallic 
bodies traced through the various chemical product* of vol¬ 
canos; general conclusion of preference for the chemical theory 
of volcanos on the ground of it* more fully embracing the 
numerous phenomena observed. 

» 

PART II. 

Description of Rocha attributed to l ’ofrunic Action taking place under 

Circumstance* different from those before considered. 

Section 1. 

On Trap Rocha. 

749 Introduction. Connection of the study of modern volcauss 
■with liupiirie* concerning the effet* of the same agencies in 
ancient geological periods. Composition of basalt; 750, green¬ 
stone, syenite, clay.stone porphyry, pitchstone, He. &e.; general 
characters of the foregoing rock*; their mode of occurrence; 
interposed tied*; 751, prismatic structure; spheroidal struc¬ 
ture; tabular trap; dykes of trap; their effect* oil contiguous 
rock*, on coal. 

752 Oriyin of trap rocka derived from igneous agency; some of 
them quite analogous to the product* of existing volcanos; 
Wernerian hypothesis of the aqueou* origin of trap; 753, 
arguments advanced in its favour shown to be fallacious. 


Index to 

753 Differences between lava und basalt explained ; accounted for Geology, 
by i)r. iiuttun on tbe principle of pri«.Miie modifying the ■ — y — - 
effects of heat; experimentally proved by Sir J. Hall; why 
sub.,.urine /ovum find slowly. 

7 55 Prismatic structure accounted for; found in recent lava, nt 
Torre del G ecu. ut Nndei melting, in (lie Vivarai*; greater 
frequency of dykes m trap ruck* than in modi ru volcanic 
rocks; such dyke* occur in modern volc.ii.os, >m in Somtiul 
and VcMiuii* ; reason* why they should more abound in 
submaime lavas. 

756 Trap'roths, at uhat periods formed; case* of the formation 

of tr ip among idd secuudaiy strata nt luteivai* i.ui mg their 
deposition, ami at subsequent periods ; much of theiMpoff 
Ireland all 1 So tlaiitl puslnnor to (he age of ilift chalk ; remark¬ 
able prevalence of tiap dmiug tbe tertiary pcr.od; 

abundaiice of trachyte iornicd m the same penod. 

Section ‘2. 

Granitic Hocks. 

757 I anon* conditions of the production of igneous rocks; d htuic- 
liun ot submarine, hiibit rraneau, and Bnb.ienal vo.ianic pto- 
chirt* ; granitic and basaltic rucks compared, and thus a 
geneiid scale of igiici.us produets indicuted. 

Hocks allied to gruinle ; general uigiiiucut for the igueon* 
origin uf gianite; peculiar character uf giauite; lrum uhat 
circumstance* ilerivi d. 

758 Comparison of ancient und modern pyrogemnts t'oehs; iels- 
pathie, hoinblrudo-lelspathic, hurnblemUc; structure of each 
group ; granite veins; view of the mineral composition of yra¬ 
nt te ; remark* on it* constituent minerals, telspar, quaitz, 
mica; the Older of their crystallization; content pm annuls 
veins in gianite ; imbedded minerals in granite; considerations 
on the crystallization ot granite; its elementary composition; 
chemical analogies among pyrogeuous rook*. 

Section 3, 

Relative Age and eh nr net eristic Phenomena of Pyroyenous Rocks. 

t 

nit) Aye of plutonic roeka, how tu be obtained ; by reference to the 
duti) id rum nUiuus, formation of veins, interlainmatiun wait 
rurk> of known age, division of strata by dykes. 

Arran, an example a! pyiogeuous rocks a. general; its general 
features; its granite upheaved in a melted stole, yj a certniu 
period, truveraeil by dykes of other igneous rocks ^wie general 
features of these dykes deaeiibed ; 761, alterations ot strati¬ 
fied rocks; geographical relations of the pyrogenons rocks; 
no granite dyke; no hoinblemhc granite; dependence of 
dykes and veins on granite elevations. 

761 6 trande deaertked ; its ages in Britain various; granite veins 
abundant; gfumte without veins rare in Britain ; veins in 
slate of Airan, in limestone, &c. of Glen Tilt, in k.Uas of 
Cornwall. 

762 Fr/.par porphyry deaenbed in Ben Nevis, Ben Cruachafr, tlie 
Cumbrian mount.tins, Ninth Wales, Cornwall. 

763 Syeiole of Malvern ; remarkable position of strata in contact; 
syenil ie dyke. 

lh/perathene rork of CuchnUin.Carrock, Radnorshire, Corn¬ 
wall; that of the Valtrline desriibcd in its relation to granite; 
that of Skye in connection wnh sycuitc, greenstone, lias, &c. 

764 Gnbbro, dial/nye siT|««tii'v*8te.; localities of these 

rocks; stratification ol sApentinc considered. 

Greenstone of Salisbury Craig described ; its effects on tho 
sandstones and shales included and otherwise placed in contact; 
subsequent elevation of the rocks. 

765 Bnnnll of the North-Fast of Ireland described; section of 
Tairheud; contact with lias ut l'ortrush; dykes in red con¬ 
glomerate, in coal measures, in chalk; change of this latter 
to granular limestone. 

766 Basaltic formation ut Upper Teetda/e described; its relation to 
the carboniferous limestones, shales, and sandstones; remark¬ 
able dykes apparently related tu the great “Whin Sillme¬ 
tallic ores by the side of a dyke. 

Melaphyre; opinions of Fan Buck concerning it; elevation of 
the Alps; dalomitizatum of limestone; how ibis latter supposed 
to be accomplished ; probable fate of this hypothesis. 

7 67 Chyatone uf Corygdls and Tormoro in Arran. 

Ctoyalone porphyry of tile West const of Arran. 
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dfntjgtlal' vlal trap of Kinnoul; its mineral composition ; effect» 
Oil sandstones and shales of Oban. 

HacAc of the Caltuu Hill alternates with bituminous slicilo 
and argillaceous ironstone. 

768 Pfichttonr in Arran ; dikes ami interposed lieds • mixture with 
ho rust one and greenstone m djkes at Toiinure.; that of Cory- 
gills described. 

Trap tuff. Porplii i itic breccia, <# volcanic sandstone,” as seen 
in Cumbria, in den C oe, &c., near Edinburgh, near Oban, and 
in the (Juradoc and the \\ re km. 

Si'.criON 4. 

• _ , 

. Mineral. I'mm. 

769 Stale nf kntiw/eil,/e on tin. miliji-rt; want of union betwoon men 
of mtitich hi.i 1 ]n\ii*tii\»l mimAft; ilixtmrliim of rock., ilykzs, 
anil mineral vein.; jilan of investigation in the following 
Treatise. 

Sahstanres in n mineral real ; extremely various: in vniimi, 
States m rlieimeal eoinlnnaiion ; metals, jane, ulluyi-<l, mine¬ 
ralized by iiiiiim with eomlmsnbles, with oxygen, with acid. ; 
lion-metallic substances, the ganguo or vein stnll, crystallized, 
massive, canhy ; the " Hitler. 

770 .Male of aggregation uf the subs/atmes ; veins filled with one or 
many sorts of mineral mutter ; distribution uf the dillercnt 
Substances various. 

General idea »1 a mineral vein ; lami nc of successive cry stal- 
lization : successive dejaisiiinn of these l.iminie a very jilausiblo 
hypothesis ; lex» satislaetory on a great scale ; the subject fur¬ 
ther examined ; ft! rnrr's opinion as to the association nf certain 
minerals in veins; occurrence or rolled and fragmented masses 
in veins; general furm of veins; lake vein., jape veins, flat 
^ vmns, gash veins, stiings ami fi-eilers of a vein; lidered 
rock ; mt h,/hr sabsttint re ths.oininaletl in rocks near veins, in 
Gnnnvall, the Ninth of Knghiiul; till disseminated m gr.imle ; 
till I!6oih of Cornwall; stock-work, of the I'aiys mine, JJun- 
neinora. Geyer. 

771 Relations nf inns to rath other ; phenomena nt their intersec- 
'tinn, as to richness, recipiocity ; age o! veins as milicatu! l>y 
their inteisections ; tins siilijeet examined ; Jitiiitnmriitti/ 
postulate; idijeciinns to the admission uf this; evidence nf 
(nirtush mines on this subject considered ; ell,its in tbe neigh¬ 
bourhood of a vein ; chaitu.br id veins til ditleroift rocks; 
liheiiimiena uf cunteiri|w>raiicuii. veins: tills term limited in 
Its application; conclusion of the argument; inleiseclnm of 
veins resumed ; apjwarances at the crossing; sbjis and dislocn- 
tlons accompany mg veins; real and apparent movement of 
the mineral masses. 

773 Orof/ittphirtil relations of veins ; sili.iitinns anil character of 
veins, as to height of ground, depth I mm siu face ; vuiiatinn 
• of contents in propoitmn to depth ; limit unions of imiieial veins, 
length, width, isc.; tin ertions of miner.il veins. .1 geueial law 
hereon ; hast and West directum cuinnmii in Ihit.nii and Ku- 
rope; directions of veins related to their iniquity in Corn¬ 
wall, in Geim.tuy ; tltrrdian uf nulling ilistmts. 

77 I Cnmiection of veins, tissmes. mam joints, and cleavage, He. 
sfrrwn to bere.il ; relation of imiieial veins to the emit* which 
inido.e them; mipovtiuice and ddliciilly of this subject. 

1 . It elation to the ilillcient kinds ol nicks; ate veins independ¬ 
ent ol'their chemical and mini l'al died ,ity * aie ct rt.iin incb.ls 
specially associated with particular locks ? instancis for and 
ugainst this notion, in Cornwall, in Silesia, Jtc ,in the North el 
Kiigluud ; vaiions circumstances of the lalti*r case ; ipmutity 
of lead in the dillercnt '^paring hods'' ql' Alston Moor; gene¬ 
ral cuiiclusniri. X * * 

Walls of a vein, altered a. if in contact with trap, smoothed 
ami polished; Slickenside, evidence it adonis ol movement of 
i tlaf masses. 

‘7*6 2. Jtrlatiuii to thffteenl ages of reeks ; ev ideut as a general fact; 

metallic veins most alumdant in prnmiiy and eld secmul.iry 
■ strata; the same relation ohtains ill rock dykes; very modem 
. veiiisatJoarliiinsth.il; contents of veins supposed liy Weiner 
to characterise their uges ; his duscnptious of eight systems 
of veins. 

777* 3. Relation to local centres of igneous action inquired into : in 
the older rocks veins most abundant where igneous action has 
been much developed, and rue versa; in newer rocks the 
same relation decidedly proved ; conclusions adopted on this 
subject : under what limitations; successive production of 
trap rocks and mineral veins under the same physical legion. 
778 Eketncitij of veins; Mr, Fox's experiments ioii,alerctl 


I 
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CHAPTER Vf. 

iNVXSTlUATIOnS A ISO I NKXlte. TICKS, 
Section ,1. 


On the (^msohdtitiun and Alteration uf Siratijtcil Hoc is. 

778 Effect* ofj ptutomc on strahfeit rock*; consolidation, partial 
fusii hi, vdnHc.ition, crystalline re-arrun^omont. generation 
of new minerals; sublimation of particular substances, coal, 
sulphur, bitumen, &c.; relation of njnrous rock* to convulsive* 
disturbances of the strata, such that their local exhibition de¬ 
pends oil the same cause; comparison of these two orders of 
«*flerts; existence (simultaneous or successive) of fused rocks 
below the strata admitted, uud their elevations ascribed to 
mechanical agency. 

Consolidation of the strata shown to Ik.* in the ratio of their 
n^e, or lather of their proximity lo the inferior heated regions 
of the («1 oIk' ; the lower strata not merely consolidated, but 
partially altered in struct lire, com position, arrangement of par¬ 
ticles, fte. ; gneiss, mica slote, day slate, considered in this re¬ 
spect ; similar review of the secondary and teitiary systems of 
strata, showing the decreasing cllcet* ol heat in ihein. 

K fleets of )ic a at on the deposition of certain primary strata. 


Skction 2. 

On Disturbance* of the Strata. 

780 1. fteolopicnl periods of vonm/swit ; i*n>nlii of com ulsinii, 
founded upon an investigation ol the sediment a ry deposits, 
in agitated water, in tranquil water, with or without riveis ; 
sloping deposits rare and peculiar; lion/outal deposits of gene¬ 
ral occmience ; convulsions. how piovtd dueetly ; how to lie 
inferred from collateral efieefs , liuw"to iU term me the epochs 
of ionvii/non, nil the scale of successisu deposits; limits ol* 
greatest and least antiquity, limv to he asM^ned ; ipiestuni as 
to tUv duration of the cum it/aon* ; were they efleeted hy one 
or u few vast illhrt*, or hy many small and graduated move¬ 
ments; faults examined with this view ; ielation of such fuulls 
in uj'cs of canvit/siun ; mterente in favour oi short pt nods uf 
"ir.it violence. 

7*>d Table ul the geological ptniods of convulsions in (ircat Ihi- 
tuin ; .iiiothei Table apphi aide to Kurope. 

2. Dticcimn of toncnLivemovement* governed hyceitain laws; 
E.Ur it i* Heioioiiitifs by path' hi* stated; in what manner it cun 
Jjy fairly tested ; iliHicuhies in the piocess ; dish catums winch 
are not known to he of different i»^*s, uud otlieis w Inch me 
known to be of different u^es. employed as data tor eMimm- 
m*C *h« hypothesis; two of M do lhMiimoiit'K hi stems of 
convulsion uuuly/.eil ; more limited inquiry recommended and 
exemplified. 

7.St» tin ci turn, or stake of the strata generally parallel to the 
^re.tt chains oi mountains, both in the Old and New World ; 
North-Kasl and South-West strike i»f slmtii \eiy foquent ; 
parallelism of stukes of stratn mid curves id magnetic in- 
tcnsit) nccoidin^ Id jM. Neckcr, in Kurope, North Aineiica, 
and Asia. 

7><7 d. Ktfects of convulsions in uHciing the trhition* if find and 
icnlrr ; elevation of land, at what pencils, hy wh.it piocesses 
effccteil; general impiessiuti on tins subject collect, but not 
Complete; fur/mt i/nation of /and a coioequi’iice of convul¬ 
sions, piovcd by exainumtiuii (d iiioimtalii chains ami I'miips, 
which show angularly elevated Ntrutu, and unlieate veitical 
movements ; elevation of land above the sea, on wind evidence 
to be admitted. 

fVi ran fee* 1; speculations on this subject ; ]diemnriiiia of thin 
level, within ccr'.uii limits, exumined; hy what causes varia¬ 
ble ; 1. t» iiiperatiue of the water; 2. general chalice id* the 
dimeiiNioiis of theCilole, of i!n lideuml nucleus; d. infernal 
irimeinentN cajiahle of slightly (han^in^ tin- mean level of 
the ocean; calculation ol tin* amount upon si vet nl assump¬ 
tions; conclusion adopted, that the mean oceanic tree/ is nearly 
permanent. 

Kiev at m n of land not in allcaHis convulsive, hut in some 
Cases gradual; extent to which \hi% principle may la* applied ; 
proposal of a hypothesis on this subject, that the conventric 
inferior masses of the spheroid may not he of uniform density, 
and th.it the deu.Mttes on any one laduis may he variable hy 
reason of intestine iimveu euts , piohuhlc ellccttt ot sucli cou- 
ditioun 
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jfm of land and w 4 rr, prior to .the forma* 
f'1 he formation of primary itrata ; at the 
„ the carboniferous epicli; origin of coal; 
pim-M of growth of the f osl plauts, before Ihe saliferous epoch; 
before the oolitic e(K)ch £ difficult problem of the relative ole* 
vatien above the «eo of file oucccuive secondary systems of 
strata. \ ■ j . 

731 4. Kfltnt of convulsions on the depoiition of itrala and organic 
life; minrral character! of the leveret lyiteim of itrata com* 
pared with the sedimentary deposits now formed by the ordi¬ 
nary procemei of Nature; origin of diversity of sediments; 
no universal strata, no/ even the oldest primary strata, still 
less the newer rocks ; contemporaneity of changes of mineral 
character and general or local convulsions; dependence of the 
former on the latter; sudden or gradual effects of this nature ; 
case suited to modern hydrography proposed, 

792 Successive race! of marine ummats might be changed by the 
same operations; transference of organic life; co-ordinutiun 
of convulsions, changes of organic lire and mineral sediments; 
fresh-water and marine alternations dependent on local sub- 
terranoun movements; difference of cases ; proximate and 
remote convulsions ; corresponding effects. a' 

793 The llea/d of Sussex; Mr. I.yeli’s hypothetic on its gradual 
rise and the gradual transfer of its wasted materials to the 
tertiary basins of London and Hampshire examined; eircum- 

~ ' stances favourable to it; elevation of the Weald; waste of 
the deposits there; analogy of thu sediments of the two ter¬ 
tiary basins named ; resemblance of these to the strata of the 
Weald ; principal objection! to i/ ; want of correspondence of 
the succession of beds; deficiency of any rolled masses derived 
from the Weald. 


General View of the Stale amt Progress of Geology. 

793 Distinction of Geology from Cosmogony ; influence of the 
Geological Society of London; state of preparation for a 
geological theory ; examination of some leading problems. 

Lapse of lime ; scale of geological chronology, how to he 
formed; rate of natural processes ; augmentation of low 
lands; shifting of sands; erosion of river channels; difficulties 
in the reasoning even for comparatively recent teirestiial phe¬ 
nomena ; mode of proceeding in the case of older murine ju¬ 
ried» exemplified. _ The evidenre hying, 

1. The mechanical dejiosUion of sands, days, conglome¬ 
rates, he.; proof of tlieir formation occupying time ; jiussibility 
of «tjmating the projrartionate times; assumed uuit of time; 
calculated period of the coal deposits; conglomerates .prove 

. that long time elapsed between the deposition of strata locally 
in co. tot 

2. Chemical deposits of limsslone ; difficult to reduce to 
periods; method proposed of referring them to egtiaval me¬ 
chanics! deposits. 

3. Alternation of chemical and sedimentary deposits. 

4. Imbedded organic remains; shells of all ages in one only 
bed; proof of lapso yf time j number of shells in a bed uot 

' Ti 


admitted as proof; position of certain plants in sandstones Geology!, 
opposed to, very great rapidity of deposition. < 

t. Successions of races of orgauic beings in the same basin; 
impressive Mature of this evidence; proof of long, but at the 
same timetpuknown, periods; inutility of attempting to detef 
mine these'at present. 

6 . Successions or convulsions in the same physical region. 

7. Alternation of marine and fiesh-wuter product*. 

8 . Alternation of arjueous and igneous products. 

9. Metamorjihism of rocks. 

Successive Condition i of the Globe . 

797 Limitation ef the inquiry; laws of existing Nature must guide 
our inquiries; what is possible to be known; sensibly«m- 
staney of the dimension* of the Globe in historical pertods; 
what it jnoves and allows concerning internal heat and 
secular retrigeration. 

Voleitpfc action need not be referred exclusively to either of 
- thu theories formerly explained. 

Displacement of the liarlh’i axis; why not to be admitted as 
a geological cause. 

Origin of terrestrial organic life; the general analogy of old 
and modern systems of materiul beings'; special analogies of 
extinct organic furors to those of particular modern regions. 

Alternate period) of com u/svm and repose shown to have uc- 
curred locally, with definable circumstances of land anf sea; 
application of this principle to large portions of the Globe, by 
Leibnitz and others; contrary view of Mr. Lyell, uniformity 
of natural agencies, and continual equality of the sum of their 
effects in a given time; these opposing views reduced to their 
postulates, varying condition and unlimited duration ; which 
of those is true must be fouud as a result of investigation, not 
assumed as a basis of urgument. 

Successive Condition of I he Mates ia/s of the Globe. 

798 Oriyin of the elementary substances no jiart of Geology, hut 
their clianges of condition n proper subject of research; ttir- 
nerian hypothesis of a chaotic ocean ; Lribnitu's vine of too 

f.vc effects of a globe progressively cooling; Hutton's hypothesis of 
" continually renewed phenomena. 

Certain sedimentary substances traced through several con¬ 
ditions ; tidal sediments, diluvial accumulations, millstone 
grif; derivation of sedimentary .from pyrogenous rucks through 
one ur more ste|is generally allowed. 

Origin of limestone; in modern times'frnm chemical action, 
from mechanical erosiun, from tnnsjmrted exuviir, from vital 
phenomena; stratified limestones considered with reference to 
Ur. Hutton’s hypothesis of decaying abd renewed continents, 
and the ultimate reference of all eiuthy substances to rocks of 
fusion ; Mr. Lyeb’s view that this derivation of sedimentary 
from pyrogenous rocks at the eurface of the Earth is balanced 
by reconversion of the former into the latter towards the inte¬ 
rior, shown to be nut fully in acconluuce with the hypothesis of 
uniformitjbaud continual compensation of the effects of inter¬ 
nal and external terrestrial agencies. 


END OF VOL. VI. 
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